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INTRODUCTION

"Deafness is worse than blindness, so they say it is the
loneliness, the sense of isolation that makesit so, and the lack of
under standing in the minds of ordinary people. The problem of
the child deaf from birth is quite different from that of the man or
woman who has become deafened after school-ageor inadult life
... But for all of them, the handicap is the same, the handicap of
the silent world, the difficulty of communicating with the hearing
and speaking world'"* (Stevenson, 1977).

Hearing handicap refers to the interference in hearing that
results from the hearing loss. Thus, the influence of the hearing-
impairment is the hearing handicap.

Demogr aphics

There are several studies that have been conducted both in
Western countries as well as in India which indicate that the
incidence of hearing increases as a function of age (M etropolitan
Life Insurance Company, 1976; ASHA, 1984; Indrani, 1981,
Manimegalai, 1983). In al these studies, the degree of hearing loss
in the adult population invariably ranges from mild to moderate.

I mpact of Hearing L oss

Despite the high number of people who have acquired hearing
losses during adulthood, relatively little research has examined the
impact of communication difficulties on the functioning and quality
of life and the coping skills used by these individuals to cope with
their loss (Rutman, 1989). The impact of ahearing lossthat hasits
onset during adulthood, depends on several factors. Theseinclude



the age of onset (i.e. prevocational or post vocational) nature, degree,
and configuration of hearing loss, lifestyle and occupation of the
person, and perceived handicap (Health and Welfare Canada, 1988).

For an elderly individual, a hearing problem may not only
sgnify aloss of one of their senses, but may also symbolise many
concerns about aging and thus represent a very complex emotional
issue.

Schlesinger and Meadow (1972), derived a psychological
profile of adultswith hearing loss. They noted that the adult hearing-
impaired individuals tend to-

1. Beimmature

2.  Withdraw, especially from communication situations.

3. Belessflexible than anormal hearing adult.

4. Adhererigidly to a set routine.

5. Demonstrate a negative saf-image; thisis due in part to a general
lack of information concerning the nature of hearing-

impai rment.

6. Haveanarrow range of interests.

7. Show alack of social judgement.

8. Exhibit a lack of regard for the feeling of others.

9. Be more naive than the normal hearing adult.

10. Be more dependent than the hearing adult.

|1. Beirresponsible

12. Beimpulsive

13. Be possessive and over accepting, especiadly if the loss has
occurred early.

14. Be depressed, but in cases where the hearing-impairment
occurred later in life.



Rehabilitative intervention should, therefore, provide emotional
support and information as well as audiological assistance.

According to Goodman and Chasin (1973) individuas with
mild hearing loss have difficulty with faint speech especially from a
distance and those with moderate hearing loss have more frequent
difficulty with hearing normal speech.

Individuals with mild degree of loss are recommended
amplification based on reported degree of difficulty and frequent to
full time hearing aid use is recommended for the individuals with
moderate degree of hearing loss.

Aura Rehabilitation

The aim of aural rehabilitative efforts is to overcome the
'handicap’. Aural rehabilitation is anattempt to reduce the barriers
to communication that result from hearing-impairment and facilitate
adjustment to the possible psychosocial, educational and
occupational impact of the auditory deficit.

Assessment of the individual's threshold levels for hearing,
per se, and determination of his/her ability to hear and understand
speech, arethe first important stepsin the aural rehabilitation process.

Following this, the initiation of a hearing aid evaluation, if
deemed necessary, and the other steps involved in the total aura
rehabilitation program can begin.

Assessment of hearing for pure tones provides valuable
information regarding sensitivity, but only limited information



concerning receptive auditory communication ability. Moreover,
investigations of pure tone sensitivity and speech understanding
have shown no clear cut relationship between these two measures.
There appears to be no satisfactory means of accurately predicting
speech understanding ability from pure tone results (Solomon et al.
1960; Young and Gibbons, 1962; Elliot, 1963; Harris, 1965;
Marshall and Bacon, 1981).

Speech tests are essential to the evaluation of the adults asthey
offer the clinician a means of assessing receptive communication
function in aguasi systematic manner, using material and procedure
that vary in complexity (Olsen and Matkin, 1984).

Specifically, speech tests yield objective, easily quantifiable
information about (a) acoustic confusions deriving from the hearing
loss (b) recognition ability in selected listening situations, and (C)
the ability to recognise selected materials including monosyllabic
words and sentences. Theoretically, the latter information provides
the client's function in everyday listening situations. In addition to
information about communication efficiency, speech tests provide
differential diagnostic information relating to site of lesion and assist
in decisions regarding hearing aid candidacy and selection of
personal hearing aids. Finally, data on speech understanding are
used to determine the extent to which the aging process, changesin
the central nervous system, changes in the auditory periphery or
cognitive factors account for deficits in speech understanding which
many older people exhibit.

Speech discrimination testing in some form is an integral part
of most hearing aid selection procedures (Burney, 1972). This has
been the casefollowing Carhart's (1946) description of an evaluation



procedure comparing speech understanding with different hearing
aidsin quiet and noise. Still, there isfar from complete agreement
on what method is most efficient or which procedure discriminates
best among hearing aids. However, it isclear that a patient's speech
performance is one of the critical factors in determining which ear
to fit and the prognosis for successful use of amplification.

Meagre information is available regarding the communicative
problems and the rehabilitative measures (especially in adverse
listening conditions) for an individua with mild to moderate hearing
loss. Hence, most of the times the clinician is not able to provide
services as to the consumers* satisfaction.

The present study wastaken up with an intention of developing
a test protocol for evaluation and habilitation of individuals with
mild to moderate sensori-neural hearing loss. The aim of the study
is to develop atest which would tap the conditions in which they
have communication difficulties. This test could also be used to
select an appropriate amplification device for them.

Around 12% of the general population and 43% of the
population with hearing loss suffer from amild to moderate degree
of hearingloss(ASHA, 1984; Metropolitan Life l nsurance Company,
1976). Indrani (1981) and Manimegalai (1983) found the incidence
to be similar in the Indian population also. The population mainly
constitutes of individuals above 50 years of age. Hence, it isevident
that there is alarge population with mild to moderate loss requiring
adequate rehabilitation.

Hearing aids are prescribed for the mild to moderate hearing-
impaired usually using more of objective tests like insertion gain
measurements (Barlow, et al. 1988; Seewald, et al. 1985; Hawkins,



1990b; Punch et a. 1990) and articulation indices. Rarely are
functional tests used.

Hence, the functional tests used do not always tap their
difficulties. The test results indicate that these individuals don't
require any form of rehabilitation. However, they do face alot of
communication problem.

There is hardly any research done to develop afunctional test
that can be utilised to prescribe hearing aids for these individuals
with mild to moderate degree of hearing loss. Thus, this study is
warranted in order to evaluate the deficitsfaced by theseindividuals
in social environments; and if deemed necessary the test can also
provide an appropriate amplification device.



REVIEW OF LITERATURE

Hearing loss is used to indicate the type of problem (e.g.
conductive vs. sensori-neural) or that the hearing ability has been
logt (Davisand Slverman, 1970).

Hearing-impairment is closealy related with hearing level and
terms are sometimes used interchangeably (Hearing level is a
measurement made on an audiometer and reported indecibels, ANSI,
1991). Hearing-impairment impliesthat performance is poorer than
normal. It is generally categorised as mild, moderate, or severe.
Hearing handicap refers to the interference in hearing that results
from the hearing loss. Thus, the influence of the hearing-impairment
is the hearing handicap.

Hearing loss has acquired two distinct meanings (Davis and
Silverman, 1960)-

1. The symptom or condition of impaired hearing, particularly
impairment of the sensitivity of hearing.

2. Theratio, expressed in decibels, of the threshold of hearing of an
ear at a specified frequency to a standard audiometric threshold
for thisthe term "Hearing Level is employed.

Sensori-neural hearing loss is the loss of sensitivity
characterised by equal |oses of threshold by air and bone conduction
testing. Such lossesusually involvethe peripheral sensory and neural
mechanism.

Sensorineural hearing loss is characterised by elevated pure
tone thresholds and reduced speech recognition, particularly in noisy
environments (Davis and Silverman, 1960).



The signs and symptoms of sensori-neural hearing lossinclude
- elevated thresholds, abnormally rapid |loudness growth, subjective
tinnitus, poor speech discrimination, and a reduction in temporal
summation of acoustic energy. One important affect associated with
sensorineural hearing loss is the broadening of the cochlear filter
mechanism which may influence loudness growth and perception
of complex sounds. Low frequency components pose the most
serious problemswhen thereisasignificant loss of tuning; excitation
will now readily spread toward the high frequency. A conventional
hearing aid cannot restore normal frequency selectivity; however,
one way in which the spread of excitation might be minimised in a
hearing aid isto limit the maximum output of low frequency sounds
(by band pass filters) (Jalvi et al. 1983).

DEMOGRAPHICS

The metropolitan Life Insurance Company (1976) reported the
incidence of hearing loss to be 71% across all ages in the United
States of America. Fig.l showsthe median threshold levels for men
and women as a function of age. Persons under the age of 17
experienced an incidence rate of 1.3% while persons from the age
range of 45-64 years experienced an incidence of 11.4%. In the
decade from 65-74 years, the incidence rate for hearing loss roseto
23.1%, and for those individual s beyond the age of 75 years, it was
39.9%. The no.of hearing-impaired individuals increases markedly
with age.

Thefindings of the ASHA (1984) report isin concurrence with
the above study. ASHA reported in 1984 that there was a significant
increase in hearing loss from about 4% among the 35-54 year olds
to 15% in the 55-64 years old to 39% among those 75 years and



older (Jacobs-Condit, 1984). The same report indicated that older
Americans (65 years and over) made roughly 12% of the general
population but 43% of the population with hearing loss.

A risein the frequency of hearing-impairment anong adultsis
predicted, largely because of theincreaseinthe median age of North
Americans and increased life expectancies.

Indrani (1981) studied the variation in hearing acuity by air
conduction as afunction of age and sex, among a group of subjects
of Indian nationality. A sample of 180 subjects of age ranging from
10 years 6 months to 87 years were selected randomly from the
general population. The samplewas categorised into six age groups

10 years 6 monthsto 20 years 6 months; 20 years 6 monthsto 30
years 6 months; 30 years 6 monthsto 40 years 6 months; 40 years 6
months to 50 years 6 months; 50 years 6 months to 60 years 6
months and 60 years 6 months and above. Each age group consisted
of 30 subjects, with equal sex representation.

The results from the study were that there was a significant
changes in hearing acuity occurred with age. Individualsunder the
age of 20 experienced an incidencerate of 1.7% while personsfrom
the age range of 40-50 years experiencesanincidenceof 12.2%. Tn
the decade of 50-60 years, theincidencerate of hearing lossincreased
to 20.3% and for those individuals beyond the age of 60 years it
further rose to arate of 43%. Thus, the study revealed that the
prevalence of high frequency loss -was greater in the geriatric
population. The age related changes in hearing seemed to be
common for males and females, and the hearing acuity changes
related to age did not seem to be different for the right and left ears.



Manimegalai (1983) reported ssimilar findings while studying
the speech discrimination performance across age and sex, in an
Tndian population.

Impact of Hearing-lmpairment

Effect of hearing loss on general communication :

Rutman (1989) states that persons who sustain hearing-
impairments after 18 years of age experience socia and psychological
losses. She proposed that loss of hearing in adulthood is less a
problem of development, as in the case with congenitally deaf or
hard-of-hearing individuals. Rather it is one of reorganization of
an already developed personality and adjustment to altered life
circumstances.

Flexor (1995) reported that there are about 39.5 million school
children in the U.S. and approximately 8 million of them have the
some type and degree of hearing loss. But only 1% of them were
being served. The children not served, identified, or underserved
were those with minimal, mild or unilateral (stable/fluctuating)
hearing-impai rments.

Flexor (1995) investigated the kinds of problems they face. It
was found that these children had severa problems, which included
the following :

1. Hearing faint/distant speech (more than 25% of the classroom
instruction could be missed).

2. Hearing subtle conversational cuesthat could cause a child to
react inappropriately



3. Following fast-paced verbal exchange.

4. Hearing the find word sound distinctions that denote plurality,
tense, possessives etc.

5. Because of the extra effort needed to hear, the child may appear
immature and become fatigued.

6. Thus, the premise of the educational system is undermined.

Hearing loss gives an "acoustic filter effect” i.e. it distorts,
smears, or eliminates incoming sounds, especially sounds from a
distance - even at a short distance.

To investigate the effect of minimal hearing loss on academic/
intellectual performance Burner and Mouw (1982) carried out two
studies. The first study involved co-relating group data and
audiometric test results obtained on eiminatary school students from
three sites in southern Illinois. The second study compared the
performance of two groups of learning disabled students on
individual intelligence measures. One group had aminimal hearing
loss, while the other had no detectable loss, nor had evidence of a
loss during their developmental history.

The results indicated that minimal hearing loss was related to
poor academic achievement and to lower scores on group 1Q
measures. The learning disabled children with a minimal hearing
loss had significantly lower verbal performance and full scale 1Q
scoresthan did their hearing counter parts. The IQ was determined
using the WISC-R.



Effect of Hearing L oss on Speech Perception

a) With reference to segments : Zakier (1992) studied transition
duration effects on place perceptions in hearing- impaired (mild-
moderate sensori-neural losses). F1 F2 F3 were varied between
thevaluesof/d/and/g/. Thesewere combined with transition
duration ranging from 20-50 cms in 5 milli seconds steps. A
trend was noticed for hearing-impaired listenersto identify stimuli
with shorter transition duration as /dE/ in the absence of other
unequivocal cues of place of articulation.

b) With reference to features : Bilberg and Wang (1976) found
difference in perception by hard of hearing with difference in
degree of hearing loss features well perceived by individuals
having mild hearing losswere sibilant, nasality, high back/anterior
frication and voicing. Individualswith moderate hearing loss
perceived the following features : sibilant, duration, voicing,
place. Sibilants were best perceived, followed by duration,
voicing and place features. Nasality was not well perceived.

Godfrey and Millay (1978) assessed the effect of sensori-neural
hearing loss on the perception of particular cues. Stimuli consisted
of synthetic consonant-vowel syllables, varying along a continuum
in the duration of initial formant transitions, such as the shorter
stimuli sounded like /bE/ and the longer ones like/wE/. Subject
with mild to moderate hearing loss-were asked to identify the stimuli,
and their performance was compared to that of norma hearing
listeners. Observed differences suggest that categorising these
sounds as stops vs. glides is especialy difficult for some impaired
listeners. The difficulty is shown to be specific to the "'rapid spectral
change" cue, independent of frequency content or intensity level.
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Social Effects of Hearing L oss

Blair, Peterson, and Vichweg (1985) studied the effects of mild
sensori-neural hearing loss on academic performance of young
school-age children. Their study measured the academic
performance of children with mild sensori-neural hearing loss of
20-45 dB by comparing them with anormal hearing control group.
24 pairs of children in the first to fourth grades were compared. A
2-way analysis of variance was used to compare the achievement
scores from the lowa test of Basic Skills administered to the two
groups. The results indicated statistical significance on some
subjects of the 14 and 4th Grade student scores. The standard mean
score was amost always poorer than that of the norma hearing
control group in every grade.

Kell, Pearson, Actonand Tayler (1971) studied the social effects
of hearing loss due to weaving noise. The mean measured hearing
levels of agroup of 96 female weavers of mean age 64.7 yearswere
greater than those of agroup of 96 non-noise-exposed femal e controls
of mean age 64.5 years. The average loss at 0.5, 1 and 2 KHz was
36.6 dB for the weavers compared to 12 dB for controls.

Speech audiometry showed that all the weavers, at all ages,
had a poorer understanding of speech than the controls.

The social consequences of this impaired ability were :

(@) difficulty at public meetings (weavers 72%, controls 6%)

(b) difficulty talking with strangers (weavers 80%, controls 16%o)

(c) difficulty talking with friends (weavers 77%, controls 16%o)

(d) difficulty understanding tel ephone conversation (weavers 64%o,
controls 5%o)
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(e) 81 % of al weavers considered their hearing wasimpaired while
only 5% of the controls did so
(9) 53% of weavers and no controls used lip-reading.

The study has established the areas of social impairment dueto
noise induced hearing loss.

Dirks and Carhart (1962) conducted a survey to study the
reactions from users of binaural and monaural hearing aids who
had moderate sensori-neural hearingloss. Situations, listed in order
of superiority for binaural userswere :

- listening to a person at the dinner table

- listening to music on the ratio or on arecord player
- listening to a person at aquiet party

- listening to a group conversation in a quiet room

- listening to a person while driving a car.

- listening to aperson on a city street

- listening to aperson in your backyard

- listening to a person when attending a movie.

From nine of these listening conditions, binaural users rated
their efficiency somewhat higher than did monaural users. By
contrast, both groups reported relatively poor performance in
conditions with strong background sounds.

As arule, people can tolerate, and may even prefer, a certain
amount of background noise, the noiseis considered to be acceptable
if it neither disturbs room occupants nor interferes with speech
communi cation.



Despite the high number of people acquiring hearing losses
during adulthood, relatively little research has examined the impact
of communication difficulties on the functioning and quality of life
and the coping skills used by these individuals to cope with their
loss (Rutman, 1989).

Theimpact of ahearing lossthat hasit's onset during adulthood
depends on several factors. These include the age of onset
(prevocational or postvocational), nature, degree and configuration
of hearing loss, life style and occupation of the person, and perceived
handicap (Health and Wedfare Canada, 1988).

The prevalence of noise induced hearing loss isrising, largely
because of noise pollution in factories, aswell asincreased exposure
of many people to amplified music. Although occupational hearing
loss may negatively affect self-esteem, family relationships, and job
performance, noise-induced workers tend to be reluctant to
acknowledge the hearing loss and seek professional help (Hetu,
Lalande and Getty, 1987).

Most of the literature on acquired hearing-impairments have
emphasised the social isolation reported by late-deafened adults.
Successful coping is difficult but appears to be facilitated by
acknowledgement and acceptance of hearing loss (Rutman, 1989).

For an elderly, ahearing problem may not only signify aloss of
one of their senses, but may also symbolise many concerns about
aging and thus represent a very complex emotional issue.

Oyer and Oyer (1978) discussed the following social
consequences of auditory deprivation in individuals with
presbyacusis -
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(1) Embarrassment (2) Fatigue (3) increased irritability (4) Increased
tension (5) Avoidance and withdrawal (6) Increased vulnerability
to promisesof restored hearing (7) | ncreased endangerment to bodily
safety (8) Boredom (9) Rejection (10) Depression (11) Acting upon
mis-information (12) Negativism (13) Diminished opportunity to
assume leadership roles, and (14) Reduction in amount of
information.

Thus, it can be seen that a hearing-impairment results in
problems in communication in a variety of situations. On account
of this communication problem, their socia life gets adversely
affected.

Speech Perception in Noisy Conditions

Acceptable noise levels for enclosures used for various types
of activities were developed by Baranek et al. (1971) and recently
revised by Baranek (1989) in the form of "preferred noisecriteria”
(PNC) curvesrepresent thetol erance of averagelistenerswith normal
hearing to noise at frequencies between 31.5 Hz and 8 KHz.

Excellent listening conditions, such asin concert halls, require
that noise levels, expressed in terms of A-weighted averages, be no
greater than 20 dB. For good listening conditions in auditoriums
and drama theatres the background noise levels should not exceed
45 dB. Noise levels in shops, offices and computer rooms, with
normally operating equipment should not exceed 60 dB. High noise
levels, asthey are found in many factories, are unacceptable from a
communication standpoint even in safety standards are not violated.
Such noise conditions are often tolerated because significant noise
reduction might be too costly or even impossible.
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When an individual speaksin the presence of noise then some
parts of the speech might be obscured by the noise, and become in
audible or "masked". The masking effect of noi se depends on various
parameters of the noise (a) the long average spectrum, (b) the
intensity fluctuation over time, and (c) the average intensity relative
to the intensity of speech. Masking is most effective by a noise
which has the same long term spectrum.

Speech perception for normal hearing listeners was affected
more by steady-state noise than by fluctuating interfering signals
such as competing speech (Carhart et al. 1969; Festen and Plomp,
1990). Impulsive noisestend to be lessdisruptive than steady-state
noises (Nabelek and Pickett, 1974 a).

The overall effects of noise on speech perception can beinferred
from signal-to-noise (S/N) ratio expressed in dB. Speech recognition
scores are generally highwhen the SN is high and low when the &
N islow.

The intelligibility of speech materials fells along a continuum
of difficulty based on the meaningful information in the utterance.
Then more information thereis, the stegper its performance - intensity
(PI) function. Four syllable wordswere more intelligible than three
- syllable wordswere more intelligible than nonsense syllables, and
sentences were more intelligible than polysyllabic words. The
number of sounds in a word, as well as the number of syllables,
have been shown to affect intelligibility (Egan, 1948; Miller et al.
1951; Hirsh, et al. 1954). The same researchersdemonstrated that
the Pl function varied depending on the signal-to-noise ratio. As
the signal-to-noise ratio becomes less favourable, the effects on
speech performance are more pronounced for sensori-neura hearing-
impaired subjects than for normally hearing subjects (Olsen and
Tillman, 1968).



Pearsonset al. (1977), reported average A -wel ghted background
noise levels at schools and at homes to be between, 45 dB and 55
dB. With the average speech levd of approximately 65 dB measured
at 1 - m distance from the mouth of the talker, the SN in schools
and homes is about -10 to +20 dB.

Hearing-impaired listeners need higher sound pressure levels
of speech than normal hearing peoplein order to hear what is being
said. Many hearing-impaired listeners perform very well if speech
is sufficiently amplified. These individuals however, can usually
achieve high performance levelsonly in quiet. Conventional hearing
aids and hearing aids with amplitude compression do not improve
scores either in noise or reverberation (Nabelek, 1983), and currently
available hearing aids with speech processing capabilities are useful
for only selected clients in selected listening conditions (Jerger, et
al. 1989).

Speech perception in noise and in reverberation, by normal
hearing as well as hearing-impaired college students with moderate
to profound hearing losses, was compared by Nabelek and Pickett
(1974 b). A similar study was carried out by Finitzo-Hieber and
Tillman (1978) with school children who had normal hearing or
moderate hearing losses. The results of these studies clearly showed
that hearing-impaired listeners face great perceptual difficulties in
such adverse listening conditions.

Speech recognition scores decreased in noise for both the normal
hearing and hearing-impaired listeners but there were two differences
of practical importance between them. First, the impaired listeners
performance was adversely affected at signal-to-noise ratios and
reverberation values which did not alter the speech perception of
normal hearing listeners. Second, since the hearing-impaired



listeners performed more poorly than that of the normal hearing
listeners, their scores became unacceptably |ow under more adverse
conditions.

Festen and Plomp (1990) investigated the effect of noise
fluctuations on speech perception and found important differences
between normal hearing and hearings-impaired adults. The normal
hearing listeners perception was not affected by steady state noise,
less by fluctuating noise such as speech babble, and least by asingle
interfering voice. These differences disappeared for the hearing-
impaired listeners. Festen and Plomp suggested that this result is
due to reduced tempora and frequency resolution in the impaired
ears.

Various surveys (Surr, et al. 1978; Kapteyn, 1977; Franks and
Beckman, 1985) indicated the background noiseis one of the mgor
reasons for dissatisfaction with hearing aids. Nabelek et al. (1991),
found that full time hearing aid users tolerated higher levels of
background noise when listening to speech than listeners who used
their hearing aids sparingly. Some of these latter listeners selected
very low noise (25 dB below the speech level, for fully satisfactory
listening situations. It is alarming that even a relatively low
background noise may cause rejection or very limited use of hearing
aids.

Carhart and Tillman (1970) administered NU tests to four
groups of subjects monaurally. These tests measured discrimination
for monosyllables against competing sentences. Four primary - to -
secondary ratios were used. Discrimination in quiet was also
determined. The results indicated that the conductive losses
functioned as did the normal hearing subjects. By contrast, thetwo
groupsof personswith sensori-neural hearinglosswereexcessively
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disturbed by competing sentences. The disruption was equivalent
to having the masking efficiency of the sentences enhanced from
12-15dB.

The implication of these findings, which have confirmation in
other research, isthat athird dimension of handicap may be imposed
by sensori-neural pathology, namely, such a pathology not only
changes threshold and often impairs intelligibility in quiet but can
also disturb the ability to resist masking when in complex
environments containing background sounds, particularly speech.

Effects of Noise on the Speech Performance of the Elderly

In generdl, it appears that when the listening tasks is made
more difficult, speech recognition tends to decline Dubno, et al.
(1984) used an adaptive procedure to assess speech recognition
performance of young and elderly listeners with normal hearing
and mild sensorineural hearingloss. Dubnoetal. (1984) contrasted
the signal-to-babble ratios (S-B Rs) at which young, elderly and
hearing-impaired listeners achieve a 50% criterion score for high/
low predictability items from the Speech Perception in Noise test
(SPIN). In general, irrespective of intensity level, norma and
hearing-impaired subjectsover 65 years required more advantageous
SBRs to achieve a 50% criterion score on the low predictability
sentences than did their younger counterparts (Dubno, et al. 1984).

Jerger and Hayes (1977) found the age effects to be task
dependent. They examine the effect of age on monosyllabic word
recognition ability and on speech recognition ability, using the
ipsilateral competing SSI. The latter materias "were presented in
ipsilateral speech competition. In general, performance for the
sentence materials decreased significantly with increasing age, with
the decrements becoming more pronounced after the age of 65.
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Orchik and Burgen (1977) confirmed the task dependence of
scores on speech recognition tests in elderly listeners with essentially
normal hearing. They found the age effect to be most pronounced
when synthetic sentences (SSI) were presented in unfavourable

message to competition ratio (i.e. MCR > -10 dB).

Plomp and Mimpen (1979) found the speech reception
threshold for sentences as a function of age and noise level for 140
males (20 per decade between 60-89 and 12 for the age 90-96).
They investigated the monaural speech reception threshold in quiet
and at four noise levels (22.5, 37.5, 67.5 dB A noise with LTAS).
The median SRT as well as the quartiles were given as a function of
age. Every hearing loss was interpreted as the sum of a loss A
(attenuation), characterised by a reduction of the speech signal and
noise, and a loss D (distortion), comparable with a decrease in signal-
to-noise ratio. Bom SHL (A+D) and SHL (D) increase progressively
above the age of 50 (reaching typical values of 30 and 6 dB
respectively at the age 85). The spread of SHL (D) as a function of
SHL (A+D) for individuals was so large (o = 2.7 dB) that subjects
with the same hearing loss for speech in quiet may have differed
considerably in their ability to understand speech in noise. The
data confirmed that the hearing handicap of many elderly subjects
manifests itself primarily in a noisy environment. Acceptable noise
levels in rooms used by the aged must be 5-10 dB lower than those
for normal hearing subjects.

Macrae and Brigdin (1973) investigated the effect of auditory
threshold impairment on the reception in quiet and in noise, for
lists of sentences designed to represent every day speech in war
veterans. Majority of them had mild to moderate sensorineural

hearing loss.
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It was found that reception of the sentences by the subjects
could be predicted with reasonabl e accuracy by meansof articulation
index, which proved to be abetter predictor than the three-frequency
average hearing level. The results indicate that everyday speech
reception by listeners with impaired hearing is very largely
determined by the degree of threshold impairment and not by
impairment of maximum speech discrimination, and that threshold
impairment at frequencies above 2 KHz has an adverse effect on
speech reception in some noisy situations.

Many studies have been reported illustrating the hearing
thresholds for pure tones decline with advancing age. It islong
been clear, however, that older persons apparently experiencegreater
difficulties in understanding speech than the pure tone audiogram
would suggest (Bergman, 1971).

Studieswerereportedly Bergman inwhich the hearing of speech
under difficult listening conditions were tested in adults of each
age decade from 20-89. The results of these and similar studies by
others strongly document the observation of decreased ability, with
aging, in hearing for speech heard under conditions of distortion
and competing signal's, even in personswho haverelatively normal
hearing audiometrically.

It is suggested that these difficulties are related to problems in
time-related processing abilities.

Jerger and Hayes (1977) studied the speech discrimination
performance of the elderly. They point out that individuals with
pure high frequency cochlear |osses di splay astrong tendency toward
monosyllabic word scoresthat are significantly poorer than synthetic
sentence scores. Onthe other hand, they postulatethat individuals



23

with same type of neura involvement central to the cochlea will
display sentence intelligibility scores that are poorer than
monosyllabic word scores.

Distance and Its Effect on Speech Per ception

Peutz (1971) obtained speech recognition scores at various
distances from speech source in rooms differing in volume and
reverberation. The SPL of speech was kept constant. At1lm in
front of the score, the scores were very good in al rooms. They
declined gradually until acertain distancewas reached beyond which
the sources remained constant and independent of the distance to
the equal to the critical distance of each room. This very important
finding indicated that beyond the critical distance, the full effect of
masking by reverberation takes place and remains constant. Peutz
(1971) also showed that only within the critical distance, speech
intelligibility may be improved by reducing the distance.

Thesedatawasreplicated by Johnson et al. (1990), in amedium-
sized classroom with normal hearing and hearing-impaired listeners.
The critical distance of the classroom was 3 m, whereas the speech
recognition score wasthe highest at 1 m from the loudspeaker, the
scores remained the same at 4 m and 8 m from the loudspeaker.

Assessment of Hearing Handicap
Using Speech Tests:

Groen (1969) developed a method for assessing the social
handicap caused by hearing loss. It was devel oped because neither
the puretone audiogram and Fletcher rule of thumb loss, nor speech
audiogram (whether monaural or binaural) depicted the actual social
difficulties the hard of hearing patient encountered when he listened
to conversation amidst ambient noise.
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It appeared that it would be sufficient to have phoneme - scores
for SN ratios of 00 +10, O and -5 dB in order to determine the
discriminability of testee in noise. 40 subjects -with presbyacusis
were used who aged between 62 to 73. Their puretoneloss (Fletcher
average) was between 20 and 60 dB with an average of 40 dB.

Table-1 depicts the effect SN ratios has on the perception of
phonemes by the hearing-impaired and normal hearingindividuals.

SN ratio Phoneme score % Phoneme score % normal
Patient
67 100
+10 62 95
0 50 82
-5 20 60

Table-1: Effect of SN ratios on the phoneme score for the hearing-
impaired and normal hearing individuals.

From Table-1 it can belearned that for the average patient with
presbycusis, his social handicap in free-field condition was clearly
expressed in hisrapidly declining phoneme scorewhen the ambient
noi sereached the speech level and surpassesit. His scorescompared
unfavourably with that of the normal listeners.

Self-Assessment of Hearing Handicap

One purpose of speech recognition testing is to predict the
impact of hearing loss on performance in everyday life situations,
since they offer the clinician means of accessing communication
function in a quasi-systematic manner (Olsen and Matkin, 1984).
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In an effort towards external validation of scores on speech
recognition tasks, anumber of researchershaveattempted to correl ate
scores on salf-assessment scales and quantify the extent of perceived
hearing handicap experienced by hearing-impaired listeners
(Anderson, 1990). The premise underlyingthese investigation was
the incomplete relationship between hearing-impairment data
measured using self-assessment techniques. Clinically, it was
apparent that individuals with minimal hearing loss often experience
significant handicap whereas persons with moderate hearing loss
may not perceive themselves as being handicapped. Data on the
relation between word-recognition ability and perceived handicaps
confirm that scores on speech measures account for little of the
variability in the perception of communication difficulties and in
the perception of psychological ramifications of hearing loss.
Interestingly, correlations between pure tone measures and sdf-
assessed hearing handicap are stronger (Weinstein and Ventry, 1983;
Berkowitz and Hochberg, 1971) than those between impairment
data and handicap scores. The weak or relations was a consistent
finding across populations, settings and self-assessment scores,
suggesting that speech understanding tests are not representative of
experience in everyday listening conditions (CHABA, 1988;
Weinstein and Ventry, 1983; Berkowitz and Hochberg, 1971,
McCartney, Maurer and Sorenson, 1976.

Rowland et al. (1985) made a comparison of Speech
Recognition-in-Noise and subjective communication assessment,
he used quiet and babble (Speech Perception-in-Noise Test)
conditions, and items from a self-assessment scale concerned with
communication ability in quiet and noise (understanding speech
section of the Hearing Performance I nventory (HPI). For thehearing-
impaired group, correl ations between speech recognition scoresand
ratings on the self-assessment items were poor, suggesting that
performance measured with thesetests have only aweak rel ationship.
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Thus;

1. Listeners of differing age groups perform similarly on speech
recognition tasks in quiet when matched for equivalent hearing loss
(Townsend and Bess, 1980).

2. If the role of the audiologist includes helping the patient gain
insight into his communicative problem testing should be designed
to describe the communicative handicap as completely as possible.
In terms of hearing and understanding everyday speech, speech
discrimination testing in quiet does not provide the necessary data
to do so, regardless of the test used (Orchik and Burgess, 1977).

3. Handicap questionnaires can provide complementary information
and useful clinical in sights not obtained with word or sentence
identification test (Tyler and Smith, 1983).

4. The purpose of the speech discrimination task (eg. reveal age
effects quantify problems in everyday listening situations) should
dictate the materials, presentation level, response format, test
paradigm, and conditions under which the speech recognition
performance is assessed (Carhart, 1965).

Speech Perception in Hearing Aid Users

McConnell, Silber, McDonald (1960) conducted a study to
determine the test-retest reliability of speech audiometry measures
with hearing aid wearers randomly selected in a routine clinical
situation. Subjects for the first portion of the study included 40
subjects on whom aided discrimination scores and speech reception
thresholds were obtained twice on the same day. A second group
of 37 subjects was used to yield similar repeat data from tests
performed from two weeks to three month after the first test.
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Speech discrimination scores were found to have a markedly
high degree of test-retest consistency in both test conditions as well
as when the results obtained by one audiologist were compared
with those obtained by other clinicians.

Zerlin (1962) proposed a different approach to hearing aid
selection. He presented six different hearing aids equated for gain,
two at atime, with an input of running speech in the presence of
cafeteria noise. The pair output were ssmultaneously recorded on
to adual-channel tape, and the procedure repeated for all possible
combination of pairs of aids. Half lists of the CDD W-22 recordings
were transduced through the aids and recorded.

Hearing-impaired subjects then made a paired-comparisons
choice on each set of two aids and ultimately ranked all the six aids.
Intelligibility scoreswere derived on the basis of half-list responses.

It was noted that while the intelligibility scores did not
differentiate among the aids, preference scores based on the paired
comparisons yielded clear-cut discriminations among five of the
six. Reiability of the paired-comparisons judgements al so appeared
encouraging.

Tillman, Carhart and Olsen (1970) investigated the hearing
ad efficiency in acompeting speech situation. They used four types
of subjects (normal, conductive losses, non-presbyacusic
sensorineural losses and presbyacusis). The main findings were :

1. The sound pressure levels at which the spondee thresholds for
the hearing-impaired occurred were poorer when measured at
the ear viathe hearing aid system than when measured unaided
in a sound fied.
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2. Inteligibility of aided monosyllabic words presented in quiet
was somewhat poorer than unaided intelligibility at equivalent
sensation levels.

3. Subjectswith sensorineural losses and thosewith presbyacusis
-were less resistant to masking by competing sentences during
unaided listening than were the normal or conductive loss

group.

4. Atreduced sensation levels, all groups exhibited reduced
intelligibility for words heard against competing sentences. The
effect on normals and conductive loss cases were equivalent to
increasi ng the masking efficiency of the noise about 10 dB and
18 dB respectively. The effect for the other two groups varied
with primary-to-secondary ratio but was severe.

The practical implications of these findings is that there are
situationsinwhich apersonwearing ahearing aid cannot understand
his companions even though amplification is ample and the
background competition is sufficiently mild that a person with
normal hearing can easily disregard the competition.

Muller and Stephen (1986) investigated the influence of hearing
lossand age. The gain with and without hearing aid was assessed
by SRT in anoiseless environment. It was found that a significant
correl ation existed between hearing lossand SRT gain by thehearing
aid for a pure tone hearing loss of less than 40 dB at 500 Hz,
irrespective of the age whereas for a hearing-impairment of 40-60
dB, the gain by using the hearing aid was dependent on the age of
the patient.



Upfold (1989) conducted a survey on the children with hearing
aids in the proportional fitting rate of children with average
impairments of lessthan 61 dB and also a strong trend towards the
fitting of children with very mild impairments. Comparing children
with aids fitted in 1970 with those fitted in the 1980s, it was seen
that children with better ear average impairments of less than 31
dB constitute approximately onein three aided children inthelatter
period, whereas no children at this levelof impairment was seenin
1970 survey.

The trend is undoubtedly related to changes in audiologic and
otologic methods a well as developments in hearing aids and
increased community awareness of the problems, experienced by
the mildly hearing-impaired.

Fexor, Wray, Black and Milin (1986) evaluated classroom
effectiveness for moderately hearing-impaired college students using
amplification devices. Ten moderately hearing-impaired college
students were used for the study. Study results indicated that the
FM unit performed significantly better than both hardwire unit and
personal hearing aids.

Plomp (1979) assessed the auditory handicap of hearing-
impairment and benefit of hearing aids. He suggested that hearing
lossfor speech can beinterpreted asthe sum of aloss A (attenuation),
characterised by a reduction of the speech signal and noise, and a
loss D (distortion), comparable with a decrease in signal to noise
ratio. On the average, the hearing loss of class D (hearing loss in
noise) appears to be about |/3rd of the total hearing loss (A+D,
hearing loss in quiet). A hearing aid can compensate for class A
hearing losses, givingdifficulties primarily in quiet, but not for class
D hearing losses, giving difficulties primarily in noise. The latter
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class represented the first stage of auditory handicap, beginning at
an average hearing loss of about 24 dB.

Cooper and Cutts (1971) indicated that it is important to
determine a patient's discrimination potential in noise.

Fexer (1995) indicated that the SN ratio should be enhanced
for children with minimal hearing loss and achild's hearing problem
interferes with his’her access to spoken intervention. Thus, the
child is denied an appropriate education.

By providing information about hearing and by advocating for
and accessing the critically important auditory modality of children
with minimal hearing impairments succeed in a mainstreamed
classroom.

Factor s Deter mining the Potential For Success of Amplification
Devices :

Kasten and Miller (1981) discussed factors that must be
considered -when evaluating potential for success for an elderly
potential hearing aid user. They are :

(1) Motivation,

(2) Adaptability

(3) Personal Appraisement
(4) Money

(5) Socia awareness

(6) Millieu

(?) Mobility and

(8) Variety.



Rupp etal. (1977) present 11 factorsintheir "feasibiility Scale
for Predicting Hearing Aid Use". Their predictive factors are (1)
Motivation and referral, (2) self-assessment of listening difficulties,
(3) verbalisation as to "faut of communication difficulties, (4)
Magnitude of loss, (5) Informa verbalisations during hearing aid
evaluation regarding quality of sound, mold and size, (6) flexibility
and adaptability versus sendtivity, (7) age, (8) manua hand and
finger dexterity and general mobility, (9) visual ability (10) financia
sources, and (11) significant other persons to assist the individual,
(12) magnitude of loss.

Improved face validity is also one of the purposes of recent
attemptsto generate sentencetestsof speech discrimination (Berger,
1967; Jerger et al. 1966) air which speech stimuli more nearly
resemble ordinary conversation.

Millin and Glaser (1971), Shore et al. (1963), Pollack (1975)
recommended Carhart's procedure as it uses constant stimuluslevel,
and therefore permitsthe aid to function more asit would in everyday
use, increases the sensitivity of word discrimination tests to
differences in hearing aid frequency response effects.

Thus, from the review of literature it is evident that there is a
high percentage of mild to moderate degree of hearing loss
individuals above the age of 50. They experience great difficulty in
speech discrimination in noise although their performance is
adeqguate in quiet conditions.

Meagre information is available on the rehabilitation of such
individuals using functiona tests; which can appropriately tap the
handicap these individuals face.



Self-assessment and speech perception in noise is being
currently used to detect the hearing handicap; also it adds to the
face validity of the test.



VETHODOL OGY

This study was undertaken to eval uate the protocol for hearing
aid prescription for mild to moderate hearing loss cases.

SUBJECTS

30 subjects were taken for the purpose of this study. All the
subject were saelected based on the following criteriac-

1. Agerangeof 18-75 years.

2. Mild to moderate degree of hearing loss.

3. Sensori-neura type of hearing loss.

4. All subjects were fluent in Kannada language.

5. Had no middle ear pathology as per an immittance test and
ENT evauation.

INSTRUMENTATION

The datawas collected using monitored live voice (MLV) on a
dual channel audiometer (Madsen OB 822). The output of the
audiometer for pure tone testing was fed to earphones (TDH-39)
housed in circumaural ear cushions (MX 41-AR). For speech
testing, the output of the audiometer was fed to loud speakers placed
at 45 degree azimuth at a distance of one meter from the subject.
Cadlibration of the audiometer was done for pure tones (AC, BC)
and speech output as prescribed by 1SO 1989.

A block diagram of the instrumentation used is depicted in the
figure 2.
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Figure 2: BLOCK DIAGRAM OF THE INSTRUMENTATION
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Oscillator VU meter Hearing Speaker

level attenuator

TEST ENVIRONMENT
The datawas collected in asound treated two-room setup. The

ambient noise level in the room was measured and it confirmed to
the recommendations specified by the ANSI,1991.

PROCEDURE

Calibration:

Instrumental calibration was carried out to achieve reliable
results. Biological calibration was carried out everyday to confirm
the day to day test reliability (Appendix 2).

Test material:
Paired words and everyday questions in Kannadawhichn were

developed at the All India Institute Of Speech and Hearing were
used.



The paired -words consisted of six sets each consisting of five
paired words.

Six sets of everyday questions were used in which each set
consisted of five questions (Appendix 3)

I nstructions
FOR THRESHOLD ESTIMATION

"You are going to hear some signals, raiseyour finger at the
slightest sound you hear. The signal will get softer and softer.
Bach ear will be tested separately ™.
FOR SPEECH TESTING IN PRESENCE OF NOISE
For questions

"l am going to ask you some questions, please answer them ™.
For paired words

"1 will say some words, please repeat them after me".
Procedur e

Initialy, the puretonethresholdswerefound for thefrequencies
250 Hz, 500 Hz, 1 KHz, 2 KHz, 4 KHz and 8 KHz under TDH-39

earphones using the ANSI S3.21 1978 method for manual pure
tone audiometry.

Bone conduction thresholds were also found out for the
frequencies 250 Hz, 500 Hz, 1 KHz, 2 KHz and 4 KHz.



Using freefield speakers, the paired wordsand questionswere
presented in the presence of speech noise. The test was carried out
at -5,0 and +10 SN ratios. The order of presentation was randomly
arranged.

Answers to questions and repetition of paired words were
elicited for both unaided and aided conditions. Intheaided condition
the subjectswore on ahearing aid that was prescribed tothem. The
responses were recorded for each level of presentation.

Response mode:

Responses wer e dicited in verbal mode.

DATA RECORDING

The data collected was represented under the following format

Name:

Age/Sex :

Date:

Hearing Threshold

250Hz 500Hz 1 KHz 2KHz 4KHz 8 KHz
(R) AC
(L)AC

B.C.



37

Free fidd testing

S.No. Signadd Noise SN ratio Q PW
(inHL) (inHL)

1 40 45 -5 /10 /10
UA 2. 40 40 0 /10 /10

3. 40 30 +10 /10 /10

4. 40 45 -5 /10 /10
A 5. 40 30 +10 /10 /10

6. 40 40 0] /10 /10
Scoring :

Each response of a subject was scored as follows :
2 - Correct response on the first presentation
1 - Correct response on repetition (one)

O - No response/wrong response even on repetition

Thus, on each subtest amaximum score often could be obta ned.



RESULTSAND DISCUSSION

The main purpose of the study was to develop atest protocol
for hearing aid selection for individuals with mild to moderate
hearing loss.

The datawas collected according to the methodology given in
the previous chapter. The mean and standard deviation values for
sentencesand paired wordsweretabulated. Table-2 showsthe mean
and standard deviations for the data at +10 dB, O dB and -5 dB
signal-to-noise ratios.

Stimuli SN Unaided Aided
ratio
(indB) Mean SD. Mean SD.
Questions +10 2.8 3.37 8.8 1.98
0 2,7 2.73 8.46 1.69
-5 1.86 2.48 9.1 142
Paired words+ 10 2.9 3.12 9.2 1.28
0 2.7 3.41 8.96 1.88
-5 1.96 2.86 9.23 117

Table-3 : Mean and Standard deviation for questions and paired
words at +10 dB, 0 dB and -5 dB signal-to-noise ratios.

MEAN RESPONSES FOR QUESTIONS AN© PAIRED
WORDS

A) Unaided Responses

Froml Table-2 we can conclude that as the noise level in the
test situation was increased, the performance deteriorated i.e. poorer



the signal-to-noise ratios poorer is the performance. Their
performancewasthe poorest at the- 5 dB signal-to-noiseratio level.
This shows than an individual with mild to moderate degree of
hearing loss finds it more difficult to communicate at lower signal-
to-noise values. The data corresponds with literature. Similar
findings have been reported in various studies (Goodman, 1968;
Davisand Slverman, 1970; Jalvi, et a. 1983; Rutman, 1989; Flexer,
1995; Kédll, et al. 1971; Dirks and Carhart, 1962; Carhart et al.
1969; Festen and Plomp, 1990; Pearsons, et al. 1977; Nabelek,
1983; Jerger, et al. 1989; Nabelek and Pickett, 1974b, Finitzo-
Hieber and Tillman, 1978).

b) Aided Responses

The mean values from the Table-1 shows that there was a
definite improvement in the listening performance as compared to
the unaided conditions. The difference between the aided and the
unaided conditionswere statistically significant in all the conditions
with the aided scores being higher than theunaided. Thisdifference
was maximum in the -5 dB signal-to-noise ratio condition. The
signal was presented at 40 dB HL. It is speculated that this
improvement in performance could be due to the automatic gain
control (AGC) built in monitoring circuit in the hearing aids
prescribed. Various studies have been conducted to compare the
speech intelligibility in noise using an AGC aid against linear aids.
All the studies have reported that AGC aids help to improve aided
performance of many individualswho are marginal candidates (mild
to moderate) for amplification. In addition the AGC aids reduce
tolerance problems by increasing the dynamic range (Tolerance
problems are faced by most individual s with sensori-neural hearing
loss) (Schweitzer, 1979; Dillon and Walker, 1983; Lippmann, 1981,
Wernick. 1985: Nabelek. 1983).



40

CRITICAL RATIOS FOR QUESTIONS AND PAIRED
WORDS

From the data presented in the Table-1, the critical ratiosi.e.
the ratio between the unaided and aided responses were cal cul ated
(Garrett, 1966). Thiswas donefor both questions and paired words.
The critical ratios are given in Table-3 (for different signal-to-noise
ratios).

Signal-to-noise ratio (in dB)

Stimuli
+ 10 0] -5
Questions 8.95 10.62 13.92
Critial
Ratios
Paird words 10.22 8.81 12.91

Table-3 : Critical ratios between unaided and aided conditions (for
guestions and paired words) under different sgnal-to-noise
ratios.

Critical Ratios Between Unaided and Aided Conditions

Theanalysisof thecritical ratios (CR) indicated that therewas
a significant difference in the speech performance of the subjects
between the unaided and aided conditions. Thiswas true for both
guestions and paired words. The CR were found to be significant
at the 0.01 levels of significance for al conditions. This indicated
that individualswith amild to moderate degree of hearing loss show
a definite improvement in speech performance when fitted with a
hearing aid.
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Critical Ratios Between The Different Signal-T o-Noise Ratios

Computation of the critical ratios for the different signal-to-
noiseratios i.e+10 dB, 0 dB and -5 dB clearly indicated that the -
5 dB condition ratio was most suitable for successfully determining
whether the patients needs ahearing aid or not. Thiswas so because
the contrast between the aided and unaided was more evident in
this condition.

The results from the study clearly indicated that it is essentia
to evaluate an individual with mild to moderate degree of hearing-
impai rment in asituation that would ssmulatethe social environment
which encounters in his day-to-day life. Among the three signal-
to-noise ratios which were used to assess the speech performance,
statisticsreveal ed that the condition with the poorest signal-to-noise
ratio (i.e. the -5 dB signal-to-noise ratio) wasthe most decisivein
detecting the handicap which individuals with mild to moderate
degree of hearing loss individual s face.

Several research in literature have al so suggested that hearing
aid selection should be carried out in the presence of noise (Carhart,
1946b; Tillman, et d, 1970; Millin and Glases, 1971; Shore, et al.
1963; Pollack, 1975). However, most of the studies do not specify
the signal-to-noise ratios that should be used during hearing aid
selection.

Two of the subjectsin the present study exhibited good scores
intheunaided conditionsin al the three signal-to-noiseratios. Their
pure tone average was comparatively better than that of the other
individuals (26.6 dB and 30 dB), As these cases performed well
without a hearing aid, no device was prescribed for them.
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In an informa interview, the cases reported that they faced
maximum difficulty in comprehending faint speech or when the
environment was noisy. Most of them reported that they tried to
compensate for this deficit by lip reading or asking the speaker to
repeat the message loudly.

Theresultsalso indicated that though the individualswith mild
to moderate hearing-impairment do not face much of a difficulty
while communicating in situations having better signal-to-noise
ratios, the speech performance severely deteriorates when an
individual is in anoisy situation. He may also peform well in a
quiet situation with or without a hearing aid. But such individuals
often report of limited benefit, in the presence of noise, with their
device. Kasten (1981) estimated that around 20-30% of the mild to
moderate hearing aid users tend to rgject their hearing aids after a
short period of trial. Therefore, a hearing aid trial in the presence
of a background noise is strongly recommended. This will allow
more consumer satisfaction and greater reliability inthe prescription
of hearing aids.

Hence, it is recommended that a hearing aid selection for
individuaswith mild to moderate sensori-neura hearing loss should
be carried out keeping the following points in mind :

a) Using aspeech test either paired wordsor everyday sentences as
they both yield similar results.

b) At an intensity that would be difficult for the individual to hear
with ease, but can be heard by a normal hearing person.

c) Using an signal-to-noise ratio that would result in a significant
contrast between the aided and unaided performance i.e. -5 dB
signal-to-noise ratio.



SUMMARY AND CONCLUSION

Hearing aids are prescribed for the mild to moderate hearing-
impaired usually using objectivetests (Barlow, et al. 1988; Seewald,
et a. 1985; Hawkins, 1990b; Punch, et al. 1990). Rarely are
functiona tests used. Hence, the functional tests used do not always
tap their difficulties.

An experimental study was conducted in order to develop a
protocol for the evaluation of mild to moderate degree of hearing
loss cases for hearing aid prescription. The speech-tests used were
everyday sentences and paired words developed at the All India
I nstitute of Speech and Hearing in Kannada. These were done on
thirty adults who had mild to moderate degree of sensorineural
hearing loss.

The speech test was carried out in the presence of speech noise.
Thiswas done at +10 dB, 0 dB and -5 dB signal-to-noise ratios.
The responses were scored and recorded.

The data was subjected to statistical analysis and the critical
ratios for al the three conditions were tabulated (Garrett, 1966).

From the results it can be concluded that the following points
should be borne in mind while carryingout hearing aid prescription
for the mild to moderate hearing loss cases :

a) A speech test in the presence of noise should be used. The
material could be either paired words or very day sentences as
they both yield similar results.
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The intensity used should be such that it would be difficult for
the individual to hear with ease, but can be heard by a normal
hearing person (i.e. 40 dB SL).

The signal to noise ratio employed should reveal the greatest
contrast between the ailded and unaided performance. It was
found that the-5 dB signal to noise ratio most aptly served this
purpose.

Thus, the present study suggests that there is aneed to test the

mild to moderate degree of hearing |oss cases using a speech test at

-5dB signal to noise ratio as a routine procedure for hearing aid
prescription.

SUGGESTIONS FOR FURTHER RESEARCH

1)

2)

A follow up study on individuals who have been prescribed
hearing aids using this procedure hasto be carried out to check
how effectively they have been rehabilitated.

Same procedure can be replicated by using other maskers like
speech babble.
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APPENDIX |
CALIBRATION PROCEDURE

Earphone Calibration

Both intensity and frequency calibration was done for the pure
tones generated by the clinical audiometer (Madsen OB 822).

I ntensity Calibration

Intensity calibration for air-conducted tones were carried out
with the output of the audiometer set at 70 dB HL (ANSI, 1969).
Through the earphones (TDH 39 with MX-41/AR ear cushions)
the acoustic output of the audiometer was given to a condenser
microphone (B&K 4144) whichwasfitted into an artificial ear (B& K
4152). The signal wasthen fed to asound level meter (B& K 2209)
attached to an octavefilter set (B& K 1613) through apre-amplifier
(B&K 2616). The sound level meter was fitted with a half inch to
one inch adapter (B& K DB 0962). At each of the test frequencies,
i.e. 250 Hz to 8 KHz, the output sound pressure level (SPL) value
was noted. A discrepancy of morethan 2.5 dB between the observed
SPL value and the expected value (ANSI Standards, 1989), was
corrected by means of internal calibration.

BoneVibrator Calibration

The intensity calibration for the bone vibrator (Radioear B-71)
was done, for the frequencies 250 Hz to 4 KHz. The output of the
audiometer was set at 40 dB HL (ANSI, 1969). From the bone
conduction vibrator (Radioear B-71) the acoustic signal was fed to
the artificial mastoid (B& K 4930). This output was then ted viaa



preamplifier (B&K 2616) to the sound level meter (B& K 2209). A
difference of more than 2.5 dB between the observed SPL value
and the expected value (ANSl standards, 1989), was internally
calibrated. Thus, the output of the audiometer was maintained
within 2.5 dB of the standard (ANSI, 1989).

Frequency Calibration

A time/frequency counter (Radart 203) was utilized to calibrate
the frequency of the pure tones. The electrical output of the
audiometer was fed to the counter which gave a digital display of
the generated frequency. The difference between the dial reading
on the audiometer and the digital display of a given frequency, did
not exceed +or - 3% of each other.

Sound Field Calibration

Intensity Calibration

Intensity calibration for speech in the sound field was carried
out with setting the audiometer output to 70 dB. A one inch
condenser microphone (B & K 4145) with a90 degree grid azimuth
was placed at the point in the room where the head of the subject
would be positioned during testing. The distance from the
microphone to the loud speaker was one meter. The microphone
was connected to a sound level meter (B& K 2209) and the octave
filter st (B&K 1613). The output SPL was compared for the
frequencies 250 Hz to 6 KHz, with the values given by Morgan et
al. (1979). A discrepancy of morethan 2.5 dB between the observed
SPL values and the expected values (Morgan, et al. 1979), was
corrected by means of internal calibration.



Linearity check

The linearity of the audiometer attenuator was checked. The
procedure used was similar to that utilised to check the intensity
calibration except that the intensity dial of the audiometer was set
at the maximum level and the frequency dial was set to 1000 Hz.
The attenuator on the sound level meter was set at a level
corresponding to the maximum level on the audiometer. The
attenuator setting on the audiometer was decreased in 5 dB steps
till 30 dB and the corresponding reading on the sound level meter
was noted. For every decrease in the attenuator setting the sound
level meter indicated a corresponding reduction.

Frequency responsechar acteristicsof ear phonesand loudspeaker

Thefrequency response characteristicsof the TDH-39 earphone
and the free field loudspeaker were obtained using B& K signal
generator (1023) microphone (B& K 4145/4144), B& K frequency
analyser (2107) and a graphic level recorder (B&K 2616). The
electrical output of the signal generator (1023) was fed to the
loudspeaker. The output picked-up by the microphone (B& K 4145)
was fed to the frequency analyser (B& K 2107). This output was
recorded on the graphic level recorder (B& K 2616). The frequency
response of the earphone was obtained using a ssimilar procedure
except that apressure microphone (B& K 4144) was used instead of
afree field microphone (B& K 4145).



APPENDIX- 2

LIST OF QUESTIONSAND PAIRED WORDSUSED FOR THE SPEECH - TEST

1) dovy 30dooy #I0u et

Nimma gangeya hesaru enu@

2) de/ desv zo.r uR,0, Us00, wOBO!

Nivu / Ninu illige bussulli / Raillalli b.ng.u»afr
3) AT TR, DI, Mo’ Suenud,eot

Nivu ratri estu gantege malgujira

4) dTv, WOU OIJBIDUT

Nimma Uru Yavudu 2

5) ¢ thrf, DRV 308 3000t

Nivu belligge enu ﬁindi.gindiri

1) dev - Fovy
bele - kalu
2) dro - nde
hola - gadde
3) roww - SuJe
$antu - mute
4) o3, - ey,
agta - igpa
5) sus, - TIE,

sutta - mutta
nn nn



SET-B

1) dzsurt Dy TOSUTu.?

nimage es1.:.u vayasu 9
2) Ay, BWou DIVT
Nimma hesaru &nu f
3) ATurt 03T $DOTUY ERAILN TRV,

Nimage yaava kiviyu channagi kelisutte ?
4) Y W I TJRBEUL, LU

Nivu enu kelasa maduthira ?
5) duur! odJeT 00U YR woUE, Ut

Nimage yaava Yaava bhaashe baru%f;'ado?

1) &g, - R
Kas‘}a - Sukha
2) oww -— 3o
gayi - r‘l"ande
3) eon - sou
Ang'a - Chang.a
4) due, - wly,
Hotte - Batte
5) s -~ NN

Nagle - Husli



SET-C

1) daort oG, ¥F vEg — SONoIUoY RHoCY

Nimmage estu jana akka - tangiyaru ;ggare?

2) ser row Duv,!?

Iga gan.te ost:u?
3) SudoouY,. OJVRS Rl SJeINRBUE,.e0t
Maneyalli yaava bhashe maganadug}‘ira ?
4) P v Lhdots LBUTD, m@e_ot
Nivu &nu Q‘%i‘dhira / °ﬁt,,haid1r3 ?

5) Ay IUR0IVY,, DbV, & wRUT

Nimma paneyalli estu jana iﬁlgare 9

1) w2 - e
A"l:-':l - Ase
2) 83, -~ BBV
Kappe - Chippu
3) s - SIS
Mane - Matha
4) I - Dy,
Namma - Nimma

5) noow - LY

Guru - Sisya



SET -D

ey Nl Dav, o Yvud,eTe?

Nivu bellige estu gantege eluthira ?

ATt DEY, B8 oy 3TU 0B0V RTRETN

Nimage estu jana anna = tammandiru iddare P
MY vt AR, Gdueeno, BUeerud,eust

Nivu manege bassinalli / Autodalli Hoguthira
30y SUR Do, TY

Nimma mane ellide ?
ATV, BT 0oJRCY WODTRNUY
Nimma jotte yaaru bang‘igara?

300 — BUyF

Thindi = Tirtha

ve,, - %0,
Alli - LI
599 - ﬁdli.,

Sanna =~ Putta
TSV - S\
Kanasu =~ Nanasu
roww - S

Garrt; u - Mu@‘ge



SET -E

1) ATy F30W0Y BI0U DNV 1
Nimma taylya hesaru &nu ?
2) ®wWBY, OJJoT TR0l
Ivattu ysava vaara o
3) NP To§ OFEre we Tulede?
Nivu Coffee athva Tea kudithira?

4) e 7T DEv, nodt wodo!
Nivu illige estu gantege bangiri?

5) dour? oourTerivoT 840 #OTUF, TUL!

Nimmage yaavagalinda kivi kelisutha illa?

1) dueR - Jues
Mina - Mesha
Be‘gt‘:a - Gugc.ia

3) oy, - w4
Atta - I

4) ﬁ\)g — SM
hecchu - kanma

g) o3 - 2,

Chinna - BeJ..]..i



1) dsurt div, IuB9ul

Nimage estu makkalu ?
2) ey gt DEv, noulrt woho?

Nivu illige estu gantege bandri P
3) .&:wrf-ec #ss0nd oovemeNowe Rt

Nimage 1i: tong,re Yaavag&nga ig‘e ?
4) B¢ 93,38, wrly, 0oJUeTU BoLOL?

I: a:spatre bagge yaaru hzlidaru ?
5) deQ SRy €OR SJenud,eUe!

Nivu &nu kelasa maguthira ?

1) #dos - FIOIE
Kelasa - Karya

2) rfgg - ﬁﬁé
Gedze - Pudze

3) womv - oern
Bandhu = Balaga

4) geR - N 3
Dhana - Dharma
g ) La

5) ©a, - S,



