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CHAPTERI

| NTRODUCTI ON

World Health Organisation (1980) defined hearing impairment as
abnormal functioning of the auditory system, disability as the functional
consequences of an i mpairment and handicap as the social consequences of
an i mpairment or disability (Saunders and Cienkoswki, 1996). Various tests
are available to assess hearing impairment in an individual. Hstorically,
assessment of hearing beganwith tuning fork tests in the eighteenth century.
The first audiometer was invented in 1920's. Since then pure tone
audiometry has become the basic tool for assessment of one's hearing. Over
the years, a number of tests have been developed for identification and

differential diagnosis of auditory disorders.

Audi ol ogi sts use behavioral tests such as pure tone audiometry and
speech audiometry to quantify the degree of hearing 1o0ss.
El ectrophysiol ogi cal measures such as auditory evoked potentials are used to
assess hearing sensitivity in difficult-to-test patients. Measurement of acoustic
reflexes and otoacoustic em ssion are also valuable in identifying hearing |oss
in subjects who cannot be tested wusing conventional —audiometry.
Tympanometry is a physiological measure used in the detection and
differential diagnosis of mddle ear disorders. Behavioral, physiologic and
el ectrophysiologic tests are available to differentiate between cochlear and
retrocochl ear pathology and to detect central auditory disorders. Though

these hearing tests can quantify sensitivity loss, speech hearing difficulty, site



of lesion, they are not suited for quantifying the effect of hearing-impairment
on a person's everyday function (Ventry and Weinstein, 1982). In other
wor ds these tests do not measure the hearing handicap if any, consequent to

hearing | o0ss.

The extent to which a hearing loss poses problem in everyday
communi cation varies from person to person and cannot be predicted from
the audiogram alone. Individuals with identical audiograms and word
identification experience different degrees of handicap. Some of these
differences can be attributed to differences in frequency resolution (Florentine
et al., 1980) and temporal resolution (Irwin and Purdy, 1982). Apart from
these audiol ogical factors, several non- audiological factors such as age of
the affected individual, age at onset of hearing |oss, individual communication
needs and support received from others can contribute to hearing handicap.
To evaluate the degree of handicap an individual with hearing impairment
experiences in the real world, a self-assessment tool is used. The self-
assessment data provide insight about an individual's response to hearing-

i mpairment, an insight that cannot be gleaned from audiometric data alone

(Golas, 1982).

Sel f-assessment of hearing loss was introduced in the 1930's and
received considerable attention in the seventies and eighties and shows
promi se for continued application (Schowand Gatehouse, 1990). A number
of audiologists in United Satates are urging that the professionals extend the

typical pure tone and speech discrimnation test battery to include a measure



of hearing handi cap/ communi cation functions (Schowet a., 1989). Some of
the hearing handicap scales that have been developed are the Hearing
Handi cap Scale (High, Fairbanks and dorig, 1964), the Hearing
Measurement Scale (Noble and Artherly, 1970), the Hearing Performance
Inventory (Golas, Owens, Lamb and Schubert 1979), the Sel f-Assessment of
Communi cation and Significant other Assessment of Communication (Schow
and Nerbonne, 1982), the Hearing Handicap Inventory for the Elderly (Ventry
and Weinstein, 1982), the MCarthy-Apiner Scale of Hearing Handicap
(McCarthy and Alpiner, 1983) and the Communication Profile for the Hearing

I'mpaired (Demorest and Erdman, 1986, 1987),

Correlates of Self-perceived Handicap

Factors that account for variability in the self-perceived handicap
scores as measured by the various inventories have been investigated. As
handicap is defined as the disadvantages imposed by impairment ( WHO,
1980, as cited in Erdman, 1993), initid attempts ai med at correlating the
findings of audiological tests with self-perceived handicap. Later, studies
were carried out to correlate the non-audiological variables such as age,

gender, intelligence and personality with the self-perceived handicap.



Sel f-perceived hearing handicap and its audi ol ogi cal correlates:

Some of the audiological measures chosen as independent variables
were pure tone thresholds, speech identification scores obtained in quiet and
inthe presence of noise. Bothyoung adults as well as geriatrics have served
as subjects. Correlation coefficient bet ween the pure tone threshold and self-
perceived hearing handicap range from0.5to 0.8 (Berkowitz and Hochberg,
1971; McCartney, Maurer and Sorensen 1976; Weinstein and Ventry 1983 a;
Weinstein and Ventry, 1983 b; Mathews et al., 1990; Coren and Hakstain,
1992) whereas speech identification scores in quiet showed | ower correlation
(-0.3t0-0.6) withself- assessment scores (M Cartneyet al., 1976; Ewerstein
and Birk-Neilsen, 1973; Weinstein and Ventry, 1983a, 1983h). These results
indicated that speech identification scores obtained in quiet conditions m ght

be a poor indicator of performance in everyday |istening situation.

Inorder to assess measures besides pure tone thresholds and speech
identification scores obtained in quiet, some investigators have used speech
identification-in-noise as a dependent variable. Mathews, Lee, MIls and
Scheem  (1990) reported that correlation between scores on Speech
Perception in Noise test and scores on Hearing Handicap Inventory for the
El derly were higher than the correlation coefficients bet ween word recognition
scores and self- perceived handicap (0.47 to 0.63 vs. 0.39to 0.47). Earlier,
Tyler and Smith (1983) had reported simlar results. They compared the
performance on atask of sentence identification in the presence of noise and

scores on hearing handicap scales. Weinstein and Ventry (1983b) also



reported that tests using less intelligible speakers showed higher correlation
than tests of clearly articulated monosyllables. However, these measuresi.e
speech identification in noise and speech identification of poorly articulated
monosyl | abl es did not showany superiority over pure tone thresholds. Hence

more studies are required to find out factors contributing to self- perceived

hearing handi cap.

Sel f-perceived hearing handicap and its non-audiol ogical correlates:

It has been suggested that variability in self-reported handi cap scores
may also be due to a number of extra-audiologic variables such as age,
gender, socioeconom ¢ status, personality, general health and life style

(Noble, 1978). However, non-audiological correlates of hearing handicap

have not been studied in depth.

Ewerstein and Birk-Nielson (1973) observed that the duration of
hearing impairment and the age of the subject did not affect the degree of
hearing handicap whereas the capacity for lip-reading had a definite
influence. Schow and Tannhill (1977) reported that age had only a small
influence on HHS findings. An anomal ous effect of age was found, however,

inaninvestigation by Lut man, Brown and Col es (1987).

Lut man, Brown and Coles (1987) also studied the effect of gender and
reported that only in the subgroup with sensori-neural sloping audiometric

configuration, men had slightly higher disability/handicap scores than women.



Results of a study by Berkowitz and Hochberg (1971) suggested
interdependence between age and gender. The relationship between self-
perceived handicap and audiological measures were different for mal es and
femal es and subjects in different age groups. However, a systematic relation

was not observed.

The results of these studies also indicated that only non-audiol ogical
variables or non-audiological variables in conbination wth audiological
variables fal to account for the complete variability in the handicap scores.
Hence there is aneedto further evaluate the contributions of non-audiol ogical

variables to the self-perceived handi cap.

Applications of Self-assessment Scales

Though the self-assessment scales were intiadly used to gain insight
about an individual's response to hearing-inpairment, the scales have also
served various other related purposes as detailed bel ow:

1. Self-assessment scales have heen used for hearing screening programs
(Ventry and Weinstein, 1983; Weinstein, 1986, Lichtenstein, Bess and
Logan, 1988; Sever, Harry and Rittenhouse, 1989; Schow and
Gatehouse, 1990; Mrlow, Tuley and Aguilar, 1990; Schow, 1991;
McCarthy, 1994). Using a hearing-handicap scale, screening can even be
done through magazines and newspapers or through mail.

2. Information collected froma self-assessment scale has been used while
recommending the use of anplification devices (Demorest and Erdman,

1984; Ventry and Weinstein, 1982; Schow and Gatehouse, 1990;

6



Kochkin, 1997). Such information has also been used to identify patients
who mght benefit from attending a program of aural rehabilitation
(Demorest and Er dman, 1984, Much, 1999).

3. Some of the scales are prognostic. They have been used to predict
adjustment to anplification or ahility to benefit from certain types of
rehabilitation (Demorest and Erdman, 1984). Self-assessment scales
have been used to measure hearing aid benefit, consumer satisfaction
and quality assurance as well as treatment efficiency (McCarthy, 1994).

4. Hearing handicap scal es have al so been found useful in demographic and
research studies (Schow and Gatehouse, 1990, McCarthy, 1994). For
exampl e, Stephens (1980) used self-assessment scale to chart the most
common and most troublesome hearing conplaints whereas Schow,
Brockett, Sturmak and Longhurst (1989) empl oyed self-assessment scale

to devel op guidelines for pure-tone cut-off in hearing screening of adults.

NEED FOR THE STUDY

Several reasons justify the need for the present study, which ai med at
devel oping a sel f-assessment scal e and investigating some correlates of self-

perceived handi cap.



Hearing handicap scale in hearing screening

Self-report measures have proved useful in hearing screening. The
following reasons justify the need to use hearing handicap scale in hearing

screening programs in India:

Screening procedures shoul d be cost effective. It is essential that test
facilities and manpower used for screening for hearing i mpairment be easily
accessible. Wththe availability of a hearing handicap scale, grass-root |evel
workers such as anganwadi workers, health workers with m nimal training can

utilize sel f-assessment scaleto identify individualswth hearingimpairment.

In India, test facilities, - sophisticated instruments and sound-treated
rooms meeting specifications to test-are available in a few urban areas.
Facilities for calibrating the instruments are even more linted. Sel f-
assessment scales can be utilized for hearing screening in places where the
facilities available for hearing evaluation are not optimal. Self-assessment
scales are also useful in testing patients who are not able to avail of the
facilities due to financial constraints or poor transport facilities. Screening for
hearing loss by means of a self-assessment scale is cost-effective from a
management perspective because extensive assessment need not be

conducted for individuals who pass thetest (Erdman, 1993).



Factors affecting self-perceived handicap

Hearing handicap is defined in terms of the effect of hearing-
i mpai rment on an individual's everyday activities such as communication and
social interaction (Golas et al., 1979). Factors that affect communication
include auditory capacity of the individual, Ianguage of the speaker/listener

and environment in whichcommunicationiscarried out.

a) Auditory capacity

It is an established fact that sensorineural hearing | oss results not only
inasimleloss of audibility but also resultsinacomplex series of detrimental
changes in the functioning of the auditory system such as the loss in
frequency selectivity, poor temporal resolution, recruitment and poor
identification scores (Henderson, Salvi, Boettcher and Clock, 1994). The
effect on speech identification scores depends on the configuration of the
audiogram and the intensity and frequency characteristics of the various

formants of a given speech sound.

Not al speech sounds are equally affected by hearing loss. In
general, vowels are more resistant to distortion than consonants and among
consonants, fricative sounds are the most affected sounds (Sanders, 1982).
An individual with m|d-moderate sensorineural hearing loss may hear the

| ouder portions of speech such as vowel s (a, o) but the voiceless consonants



(t.

p, k, f ,s, shand ch) may be distorted or may not be heard (Newby and

Popel ka, 1992).

b) Language of the speaker/listener

The following experinmental evidence suggests that |anguage of the

speaker/|istener play an inportant role in speech perception:

It has been shown that adifference exists in communication efficiency of
| anguages. Ramakrishna et al. (1962) reported that some of Indian
| anguages were mor e redundant than English. For the hearing inpaired
listener perception may be easier in a more redundant |anguage than in
a | anguage with less redundancy.

Some of the | anguages are found to be less visible compared to others.
Among English, Tam |, Mlyalam and Hndi, Oyer, Richard, Rajaguruand
Kapoor (1972) concluded that English was the most visible |anguage.
Fourcin (1990) also observed that Hndi has more number of invisible
consonants when compared to English. It would be expected that a
hearing inpaired individual with poor speech identification scores wll
have more difficulty in understanding speech when the speech sound in
the I anguage used are less visible.

It has been reported in literature that acoustic cues aiding for speech
perception are not the samein dl | anguages (Abramson, 1968; WI|ians,
1974; Wlliams, 1977; Flege and Eefting, 1986; Caramazza, Yeni-
Komoshi an, Zurif and Carbone 1973). Based on the studies carried out

on English speaking and Spani sh speaking subjects, it is reported that

10



cues indicative of voice/voiceless distinctions were different in English
and Spanish (Wlliams, 1974, 1977, Fledge and Eefting, 1986; Sapon
and Carol, 1957 as cited in Nikam, 1974). Simlarly, it has also been
reported that the cues used to differentiate bhetween voiced/ voiceless
sounds in French are different fromthose used in English (Caramaza et
al., 1973; Simon and Fourcin, 1978; Gottfried and Beddor, 1988). Singh
(1966) reported that acoustic cues that facilitated perception of distorted

stimili alsovaried depending on the native | anguage of the listener.

¢) Environment

Speech intelligibility is affected by the reverberation and the noise in

the listening environment.

i) Reverberation: Reverberation time increases with the volume of the room
and decreases with the amount of sound absorption of the surfaces (Nabal ek
and Nabel ek, 1994). Awvariation in reverberation time would be expected
whenthereisadifferenceinterms of the size of the rooms, material used for

construction and/or furniture inthe room

I't has been demonstratedthat eveninquiet rooms, speech intelighility
decreases with an increase in reverberation time (Heifer and Wlber, 1990).
Experimental evidence showed that in subjects wth normal hearing,
reverberation affected the identification of vowels more than the consonants

(Nabal ek and Robinson, 1983). Among vowels, perception of monophthongs



W lber, 1990). Experimental evidence showed that in subjects with normal
-earing, reverberation affected the identification of vowels more than the
consonants (Nabalek and Robinson, 1983). Among vowels, perception of
monophthongs with simlar formants were affected more and di phthongs were
perceived as their beginning monophthongs (Nabelek, Czyzewski and
Krishnan, 1992). The consonant and the vowel errors made by the hearing
impaired were qualitatively simlar to that of the normal hearing adults but

they were quantitatively more (Nabel ak, 1988).

ii) Noise: Understanding speech is affected by the environmental noise.
Sources of noise in the environment can be traced to people, machines,
appliances, traffic etc. Like other acoustic signals, speech is susceptible to

del eterious effect of noise.

I'n noise, monophthongs which have simlar formants are confused and
di pthongs are perceived as their beginning monophthong (Nabel ek, et al.,
1992). Being less intense and more transient than vowel s consonants are
more easily confused in noisethanvowels (Nabel ek and Nabel ek, 1994). It
has been indicated that the frequency transitions such as those which
contribute to identification of consonants in syllables are masked at |ower
signal -to-noise ratios than consonants (Nabel ek, 1978). Speech perception
by the hearing impaired is adversely affected by signal-to-noise ratio that do
not alter speech perception of normal hearing listeners (Finitzo-Hieber and

Tillmn, 1978).
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handi cap (Berkowitz and Hochberg, 1971, McCartney, Maurer and Sorensen
1976: Weinstein and Ventry 1983 a; Weinstein and Ventry, 1983 b; Mat hews
et al., 1990). Some of these scales translated into Swedish have been
evaluated on Swedish speaking population (Coren and Hakstain, 1992;
Barrenas and Holgers, 2000). There is dearth of such studies on
speaker/listeners of Indian |anguages. It stands to reason that tools
devel oped for assessing the communication difficulties of the hearing
i mpai red individuals of one linguistic group/region wll not yieldvalid results on
members of another linguistic group/region when there is a difference in
terms of the language of the speaker/listener and/or the environment in which
communi cation is carried out. Lower literacy rate may increase one's demand
on oral-aural communication.
Therefore, the present study was designed to develop a self-
assessment scale and answer the follow ng questions
1) Is there a relationship between the degree of hearing loss and self-
perceived hearing handicap?
2) Is there a relationship between speech identification scores and self-
perceived hearing handicap?
3) Is there a relationship between age of the subject and self-perceived
handi cap?
4) Is the self-perceived handicap simlar in males and females wth
comparabl e degree of hearing |0ss?
5) Is there an interaction between age, gender, and degree of hearing |oss
and self perceived handicap?

6) Is it possible to predict hearing | oss fromself-perceived handicap scores?

13



CHAPTERI |

REVI EW OF LI TERATURE

Inthischapter, thereviewofliteratureisdiscussedunder thefollowingtitles:

1 Reviewof self-assessment scal es

[1. Correlates of self-perceived handicap
a) Correlationwth audiological findings
1) Peripheral hearingloss and self-perceived handi cap

i) Central auditory processingand self-perceived handi cap

b) Non audiol ogi c correlates of hearing handicap

[11. Assessment of hearing handicap by self and fam |y member

I'V. Self-assessment of hearing handicap as ascreeningtool
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REVI EW OF SELF- ASSESSMENT SCALES

Sel f-assessment of hearing handi cap was introduced in the 1930's but became
popular as a method for gaining information about hearing handicap only in the
1980's. Some of the early measures of self-assessnent included the scales used in
national surveys such as the 1935-36 United States Public Health Survey Scale,
Rating Scale for Each Ear (Schow and Gatehouse, 1990). Social Adequacy Index
devel oped by Davis (1948) was an attenpt to measure the hearing handicap based on
the relationship between speech reception thresholds and identification scores.
Subsequent to the advocacy of the concept of Social Adequacy Index, attenpts to
assess hearing handicap moved away from conmputations based on quantified
measures of hearing. Researchers aimed at investigating the degree of handicap an
individual had while meeting the communication demands in his daily life. Such an
approach permtted the generation of an individualized picture of difficult situations
as perceived by the hearing inpaired. Anumber of such self-assessnent scales have
been devised for diagnostic and rehabilitative purposes in audiology. The major
differences among these instruments lie in their purpose, their scope, the number of
items, mode of test admnistration and the method of scoring. They al share one
common goal, that is, to assess hearinghandicap more directly and systematically than
I's possible through informal interviews and psychophysical audiometric measures

(Golas, 1983).
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Various kinds of handicap informtion assessed by the sel f-assessment scal es
has been summarised by Schow (1988) (cited in Schow and Nerbonne, 1989) as
fol | ows:

1. Speech communication: general speech; estimates of communication ability in
various settings such as home, work, social, one-on-one, small and |arge groups.

2. Speech communication: special; while listening to TV, a telephone; with and
wi t hout visual cues; andin adverse listeningconditions.

3. Emotional reactions/feelings, behavior and attitude about hearing i mpairment and
hearingaidsincludingresponsetoauditoryfailure, acceptance of |oss.

4. Reactions and behavior of otherswithreferenceto hearingloss.

5. Non-speech communication such as response to door and phone bell, warning
traffic, localization of sounds.

6. Other related symptoms; fluctuating hearing loss, reactions totinnitus andlimted

tolerance for | oud sounds.

An ideal instrument should provide information regarding dl the above
aspects. It shoul d be objective, quantifiableandeasyto admnister. However, thereis
no single questionnaire that is universally accepted. Many of the proposed measures
of handi cap have been criticized for being too narrowin scope, includingitems more
correlated to loss of sensitivity than to loss in speech identification, using questions
susceptible to falsification or being derived solely from measures of impairment
(Davis and Hardick, 1981). Some of the self-assessment inventories that have been
used frequently for research regarding assessment of hearing |oss are discussed in this

chapter. The scales have been [isted in the chronol ogical order.
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The Hearing Handi cap Scale ( HHS)

Hi gh, Fairbanks and Gorig (1964) devel oped a self-report scale to measure
the sel f-perceived handi cap in adults. The scale consisted of forty itens that pertainto
hearing experiences likely to have been encountered by a majority of the individuals
inanurban environnent. It was designed to assess hearing handicap in four content
areas: speech perception, localization, telephone communication and noisy situations.
The scale was divided into two forms, FormAand For mB, each consisting of twenty
items. Each formcoul d be used i ndependently as an alternate formas they were well
mat ched in terms of their mean and standard deviation. Highet al. (1964) reported a
high internal consistency reliability (0.96) for the 20 itemforms. Afive point rating
scale was usedtoelicit aresponse. Scores obtained fromthe total scale or formA and
B were converted into percentage of the respective scale. Schow and Tannhill (1977)
reported that scores less than 20 %indicated no handi cap, scores in the range of 21%
to40%indicated aslight handicap, ascore of 41%to70%indicated amld-moderate

handi cap and scores whi ch were greater than 70 %indicated a severe handi cap.

Highet a. (1964) reportedtwo limtations of the scale:
a) Responses to the questions can be easily falsified. Thereis nointernal means for
determningthe validity of aresponse.
b) I't focuses only on asingle aspect of hearing handicap. It does not assess other areas

of experience affected by hearing impairment such as psychol ogi cal and vocational

domai ns.
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The former limtation is probably true of any self-report inventory. Another
limtationof the scaleis that it was standardized on atest sampl e with predom nantly

conductive  conponent.

Hearing Measurement Scale ( HMS)

Hearing Measurement Scale devel oped by Noble and Artherly (1970) for
measurement of auditory disability in subjects with sensory-neural hearing loss had

forty-two scoringitems and several ancillary items covering the follow ng subclasses:

1. Speechhearing
2. Acuity for non speech sound
3. Localization
4. Emotional response
5. Speechdistortion
6. Tinnitus and
7. Personal opinion of hearingloss

This scale was initially devised to be used in an interview mode. The
interviewhad to be tape-recorded and in order toincrease reliability, it was suggested
that the interview be scored by more than one clinician. A scoring criteria was
devel oped to quantify the responses. Each item was weighted in terms of their
i mportance to hearing loss and hearing handicap to give avalid measure of disability.
Nobl e and Artherly (1970) tested the scale on patients with noi se-induced hearing | oss

and a test-retest reliability coefficient of 0.93 was obtained.

Hearing Measurement Scale appears to satisfy the requirements for an

acceptabl e measure of hearing handicap. Its chief limtation was the amount of
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cliniciantime required to conplete the interview Weinstein and Ventry (1983a)
remarked that Hearing Measurement Scale was not the best scale to use with the
el derlyduetothefol | ow ngreasons:

1) many of itsitems werenot relevant tothe lifestyle of ol der individuals, who reside
inthe community,
2) the wording of the questions and the response systemwas too conplicated for the
elderlytoelicit reliabledata,
3) the scale was quite | engthy and
4) the scale did not assess adequately the emtional or social consequences of hearing

I mpai rment .

Social Hearing Handicap I ndex

Ewerstein and Birk-Neilson (1973) devel oped Social Hearing Handicap Index
originally in Danish. It had twenty-one items that sampl ed conversational situations
with one person as well as in noisy surroundings, group conversation, capacity to
communi cate effectively over telephone and understand speech via a television or
radio. Demorest and Erdman (1984) considered this as an adaptation of the Hearing
Handi cap Scal e of Highct a. (1964). To avoid bias, the lest was constructed in such
a way that for ten questions the answer 'yes' indicated a handicap and for eleven
questions the answer 'no' indicated a handicap. Scores were converted into
percentages and were expressed as social handicap index. The subject's reaction to

hearing inpairment was not assessed through this scale.
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Denver Scale of Communication Function ( DSCF)

Al'piner (1987) report that Denver Scale of Communicative Function was
devel oped by Alpiner et a. in 1974 as a tool to help the clinician in making a
subjective assessment of communication attitudes of adults with acquired hearing
loss. The scale consisted of twenty-five statements for which the subject had to
answer using a seven-point continuumfrom"agree" to "disagree". Communication
functioninthe fol | owing four categories were assessed:
1. famlycommunicative situations
2. subject's personal feelings about hearingimpairment
3. soci al -vocational situations and

4. general communication experience.

The scal e was originally designed to measure in individual's performnce

prior to and subsequent to undergoing aprogramof rehabilitation. Thus each hearing
inpaired adult's responses prior to and after undergoing aural rehabilitation were
compared but not with any normative data. The client's responses (not scores) were
recorded on aprofile formin which the statements on the questionnaire were plotted
on the abscissa and the responses were plotted on the ordinate. This permtted the
audi ol ogi st to quickly reviewthe patient's responses to individual items. As Sanders
(1975) stated this scale was heavily weightedinterms of howthe client felt about the
effect of hearing loss on his performance and how he felt others reacted to him
Therefore it provided val uable informtion for purposes of counseling, thoughit did
not provide specific information about communication problems of the hearing-

inpaired in different situations. Davis and Hardick (1981) contend that the Denver
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scal e may be a useful adjunct to Hearing Handicap Scale (Highet a., 1964) because

toget her they provide data not sanpl ed by either one al one.

The Denver Scale of Communicative Function has undergone many
modi fications. To make it more feasible for use with senior citizens, Kaplan, Feeley
and Brown (1978) modifiedthe original Denver Scaleinthefollow ngways:

a) Aninterviewmode was suggested instead of the paper-pencil mode.

b) I'norder tosinplify the response task, the seven point rating scale was reduced to
five-point scale

¢) Al the items concerned with vocational adjustment were deleted. The category
“famly" was substituted by "peer " or famly attitudes. The categories "self" and
"social" were combined into the single category "localization". " Communication"
category was maintained. A fourth category entitled "specific difficult listening

situations" consisting of el even newitems was introduced.

Kapl an, Feeley and Brown (1978) eval uated twel ve senior citizens using this

modi fied scaleandreported that the overall reliability of the scale was 0. 88.

Quantified Denver Scale (QDS) was a nodification of the original Denver
Scal e of Communi cative Function (Schow and Nerbonne 1980). Quantified Denver
Scale al | owed comparison of scores with other hearing-inpaired individuals. A five-
point rating scale instead of a scale with seven-point rating was used. The responses
were scored and then converted into percentages. Based on a study carried out on
fifty subjects, Schow and Nerbonne (1980), reported that a score of less than 15%

indi cates no communicative dysfunction, a score between 16 to 30%i ndicates slight
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communi cative dysfunction and a score which is greater than 31%indicates mldto

moderate communi cative dysfunction.

Tuley, Murlow, Aguilar and Veten (1990) adm nistered the Quantified Denver
Scal e on 238 el derly subjects. Factor analysis of the data identified only two subscale
constructs as opposed to four originally proposed constructs. The internal reliability of
the revised scale was 0.97 and the test-retest reliability was 0.73. The accuracy of the
revised Quantified Denver Scale for discrimnating between individuals with and
wi thout hearing i mpairment was 73%. Tuley et al. (1990) further modified the scale
to generate a five-itemshort version of the scale and reported that the short version
served its purpose as wel |l as the original twenty-five itemscale. The short version
contained two questions fromthe long communication subscale and three fromthe

| ong sel f-isolation subscal e.

To assess hearing handicap among the elderly, 'Denver Scale of
Communi cation Function for Senior Ctizens Living in Retirement Centers' was
devel oped by Zaronoch and Alpiner in 1976 (Davis and Hardick, 1981).
Administration in an interview mode consisted of seven basic questions with two to
eight sub-questions, al answerable "yes" or "no". The scale focused on the unique

characteristics of lifeinretirement centers andin altered fam |y relationships.
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Sanders' scale

Sanders (1975) devel oped three profile questionnaires to rate communicative
performance of a subject in domestic, occupational and social environments. The
mai n objective of using this scale was to assess the outcome of a rehabilitation
program  Each questionnaire consisted of six to nine statements to which the
respondent chose one of the four answers from "little or no difficulty" to "great
difficulty". The items were simlar to those in the Hearing Handi cap Scal e (High et
aL 1964) in that difficulty experienced in communication was assessed rather than
feelings or attitudes of the subject. The unique feature of the scale was that it rated
the inportance of the each situation based on how wel | the person got along in that
situation.  This scale provided useful information for aural rehabilitation program
Sanders (1975) recommended that this scale shoul d be used in conjunction with the
Denver Scale Communicative Function (Alpiner et al, 1974) as the two scales

provide compl ementary information.

Nursing Home Hearing Handi cap I ndex ( NHHI)

Schow and Nerbonne (1977) devel oped the Nursing Home Hearing Handi cap
Index consisting of ten items to measure the hearing handicap in a institutionalized
geriatric population. The two versions, a staff-version and a self-version, had the
same questions with a change in the pronoun. The staff version was given to a
member of the nursing home staff famliar with the resident. Afive-point rating scale
was used and the score was nmultiplied by two to make it comparable with that

obt ai ned t hrough the Hearing Handi cap Scal e of Hi gh et al. (1964).
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Hearing Performance Inventory (HPI)

Hearing Performance Inventory was devel oped by Golas, Owens, Lamb and
Schubert (1979) to assess the problems faced in every day listening situations. It
consi sted of 158 questions covering the areas of;

(1) Understanding speech

(2) Intensity

(3) Responsetoauditoryfailure

(4) Soci al

(5) Personal and
(6) Cccupati onal

The answers were scored from one to five, the former indicating |east
difficulty and the latter indicating maxi mum difficulty. The scores could then be
converted into percentages. A profile could be generated by scoring each scale
separately. Golas (1983) suggested that the scale had the greatest clinical utility in

assisting the clinician while planning and assessing non-medical rehabilitative

procedures.

Subsequently, Lamb, Owens and Schubert (1983) designed a revised shorter
version of the Hearing Performance Inventory preserving the original content of the
questionnaire. The revised form consisted of ninety questions that permtted a
detailed analysis of an individual's communicative difficulties (Lamb, Owens and

Schubert, 1983). Results of the psychometric analysis of the scale by Demorest and
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Wal den (1984) showed that it coul d assess hoth short- and | ong-termchanges in the

patient's score.

The maj or advantage of Hearing Performance Inventory (both original and
revised) was that it provided a description of the difficulties experienced in a wide
variety of [istening situations. Weinstein (1984) reported that the profile allowed a
convenient way of displaying responses for a rehabilitation program but the lack of

test-retest reliability datalimtedits use for the same.

Hearing Probleminventory (Atlanta) (HPI-A)

Hearing problem inventory was designed by Hutton (1980) for use with
veterans who wore hearing aids. The scale had fifty-one questions which elicited
information on not only communicative problems in various situations and the
subject's reaction to hearing impairment but also on care, maintenance and use of
hearing aid and earnolds. It used afive-point rating scale. This scale has been used

more in aural rehabilitation programto compare pre and post aural rehabilitation

performnce.

Anot her scal e whi ch eval uates handi capping effects of hearing loss in terms of
attitudes and specific communication situations is the Communication Assessment

Procedure for seniors devel oped by Al piner and Baker in 1981 (Me Carthy, 1987).
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Hearing Handi cap Inventory for the Elderly ( HHI E)

Ventry and Weinstein (1982) developed an inventory of twenty-five items,
divided into t wo subscal es (emotional and social/situational), to assess the effects of
hearing i mpai rment inthe elderly. The emotional subscale consisted of thirteen itenms
purporting to evaluate the emotional inpact of hearingimpairment. The twelveitenms
in the social/situational subscale were directed at evaluating the effects of hearing
loss on social life. A three point rating scale was used in which 'yes ' and 'no'
indicated the presence and absence of handicap respectively. The scores were
converted into percentages. The scale was standardized on 100 non-institutionalized
indi vidual s over the age of sixty-five years. Ahigh split-half reliability (0.94 to 0.95),
a high correlation of 0.87 between the t wo subscal es and high internal consistency for

each half was reported (Ventry and Wi nstein, 1982).

Weinstein, Spitzer and Ventry (1986) exami ned the test-retest reliability for
Hearing Handicap Inventory for the Elderly for face-to-face interview mode and
paper-penci| method on forty-seven non-institutionalized elderly individuals with
sensory-neural hearingloss. I't was observedthat the test-retest reliability was good for
total, emotional and social/situational subscales when face-to-face interviewwas used
(r=10.92to 0.96). The test-retest reliability for paper-pencil method was also high
withYranging from0.79 to 0.84. Newman and Weinstein (1989) further eval uated
the test-retest reliability of Hearing Handicap Inventory for the Elderly when the test
was admnistered face-to-face and then followed by paper-pencil method. The

subjects intheir study received face-to-face admnistration and approxi mtely after six
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weeks they received the questionnaire through mail. The test-retest reliability was

again foundto be high for the total and the subscal es.

Newman and Weinstein (1986) modified the Hearing Handicap Inventory for
the Elderly (HHI E- Spouse) for use by a spouse in order to eval uate the differences in
perception of hearing handicap between the spouse and the hearing inpaired
individual. The modified version is identica to the original Hearing Handicap
Inventory for the El derly except for the substitution of "your spouse” for "you" in each

question.

To identify individuals with hearing problems who require audiological
attention, Ventry and Weinstein (1983) developed a screening version of Hearing
Handi cap Inventory for the Elderly (HHIE-S). The items in the original Hearing
Handi cap Inventory for the Elderly were reduced to ten and included five
situational/social items and five enotional items. They reported that the, the internal
consi stency of the scale was 0.87. Using athree point rating scale, the scores ranged
fromzero to forty. Ventry and Weinstein (1983) divided the scores into three
categories -

a) 0-8indicating nohandicap

b) 10-22 suggesting m|dtomoderate handicap and

¢) 24-40indicating asevere handicap.

Newman, Weinstein, Jacobson and Hug (1990) modified Hearing Handicap
Inventory for the Elderly for use with hearing-inpaired adults. The Hearing handicap

Inventory for the Adults ( HHI A) was also atwenty-fiveitemscale wth emotional and
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social/situational subscales. The major difference between Hearing Handicap
Inventory for the adults and Hearing Handi cap Inventory for the El derly was that the
former had questions that assessed the occupational effects of hearing loss. They
reported the internal consistency reliability to be 0.93 for the total scale, 0.88 for the
emotional subscale and 0.85 for social/situational subscale. Newman, Weinstein,
Jacobson and Hug (1991) reported that the test-retest reliability of HHI A between

face-to-face and paper-pencil met hod was good (r=0.93 to 0.97).

Self Assessment of Communication (SAC) and Significant Other Assessment of

Communi cation ( SOAC)

The Self-Assessment of Communication was developed by Schow and
Nerbonne (1982) as a screeningtool. It consisted of tenitems that were selected from
a diagnostic tool. The scale assessed the communication difficulties in various
situations, the subject's feelings about his/her handi cap and the individual's perception
of the attitudes of others towards his/her handicap. The Significant Other Assessment
of Communi cation had the same ten items but with pronoun changes to collect
informtionfromthe famly member. Schowand Nerbonne (1982) admnistered this
scal e on fifty individuals aged twenty to eighty years and reported that the test-retest
reliability was 0.80. Lichenstein, Bess and Logon (1991) opined that this scale had
simlar diagnostic characteristics as that of Hearing Handicap Inventory for the

El derly - Screening version.
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McCarthy- Al pi ner Scal e of Hearing Handicap

McCarthy and Al piner (1983) devel oped a questionnaire consisting of thirty-
four items to assess the psychol ogical, social and vocational effects of hearing loss in
adults. They stated that this scale fulfilled the fol | ow ng objectives:

1) To provide an index of whether the organic hearing loss had manifested itself as a
handi cap.
2) To provide diagnostic datawth rehabilitative i nplications

3) To provide for a detailed analysis of psychol ogical, social and vocational problem

ar eas.

McCarthy and Alpiner (1983) reported good internal consistency with a
Cronbach's al pha of 0.81. The scale consisted of two forms that were designed to be
answered by the patient and by a famly member who may provide a different
perspective of the patient's problem A conparison of the responses helped the
clinician in counseling the subject and the famly members. Areas of disagreement
reveal issues to be addressed in famly counseling whereas the degree of agreement
bet ween the patient and various famly members reveal facts about famly dynam cs

(Demorest and Erdman, 1986).
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Communi cation Profile for the Hearing I mpaired ( CPHI)

I'n connection with the rehabilitation programat Walter Reed Ar my Medi cal
Center, Demorest and Erdman (1986, 1987) devel oped the Communi cation Profile for
the Hearing-Inpaired. This scale was constructed based on the rationale that the
rehabilitative needs of hearing-inpaired adults depended on the degree of
communi cation handicap experienced and on many other factors such as
environmental, behavioral, emtional and attitudinal. It was designedto provide a
conprehensive assessment of the rehabilitative needs of hearing-inpaired adults. It
consi sted of one hundred and forty- five questions that were divided into twenty-five
scal es. The scales enconpassed four areas: communication performance,
communi cation environment, communication strategies and personal adjustment.
Some of its unique features included assessment of environmental factors, eval uation
of communication inportance, extensive description of personal adjustment and
inclusion of scales designedto detect denial scales. This inventory differed fromthe

other inventoriesinitsemphasis onpersonal adjustnent.

Based on the prelimnary statisticd data on the scales of Communication
Profile for the Hearing Inpaired for the Walter Reed popul ation, Demorest and
Erdman (1987), reported that when the scal e | ength was taken into account, the scales
compar ed favorably with other scales such as the Hearing Performance Inventory, the
Hearing Handi cap Inventory for the Elderly and the Hearing Handi cap Scale. The
internal consistency reliability, as assessed by Cronbach's al pha varied from0.67 to
0.89 depending on the length of the scale. Erdman and Demorest (1998 a) anal ysed

data from a heterogeneous clinical population which differed on audionmetric
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measures, gender, race/ethnicity, educational level, empl oyment, marital and hearing
aid status. They reported that the internal consistency of the scales was higher than
that reported by Demorest and Er dman (1987). This scale has been used extensively

to study the adj ust ment to hearing i mpairment.

Hearing Screening Inventory (HSI)

Coren and Hakstain (1992) devel oped Hearing Screening Inventory (HSI) for
group testing and survey administration. It consisted of twelveitems and a five-point
rating scale was used. Seven items were scored as one for "never' or 'good" and five
for "al ways' or "poor'. The other fiveitems were scoredas 'five' for never and one for

"always'. Internal consistency coefficient (al pha) was 0.89 and the test-retest stahility

coefficient was 0. 88.

Summary

Thus over the years anumber of self-report measures have been devel oped and
field-tried. All the scales are intended primarily to provide informtion about the
i mpact of hearing disahility on the subject's ability to communicate effectively. A
majority of the inventories included subsections that focussed on special aspects such
as home environment, social environments and vocational settings. A few scales
assessed only difficulty in communication whereas others included feelings and
behavioral reactions associated with hearing handicap. The subject's responses were
scored to enabl e intersubject conparison. Generally, afive-point ratingscalehas been

used. However, Ewerstein and Birk-neilsen (1973) and Ventry and Weinstein (1982)
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recommended a three-point rating scale. Some of the scales such as Denver Scal e of
Communi cative Function used a seven-point rating scale. Scales such as Hearing
Handi cap Scale, Quantified Denver scale, Social Hearing Handicap Index, Self
Assessment of Communication/Significant Other Assessment of Communication,
Hearing Handi cap I nventory for the El derly yiel ded one overal| score for summari zing
the total inventory. Al most al the scales can be usedeither as sel f-assessment tool s or

they may be administered by the clinician.

A few scales (M Carthy-Alpiner scale, Hearing Handicap Inventory for the
El derly, Self Assessment of Communication) have been nodifiedto provide a second
formtobe admnisteredtoafam |y member sothat the hearing handicap perceived by
the hearing-inpaired person and by the famly members could be compared. The

differences inattitude, if any, must be addressed and resol ved t hrough counsel i ng.

The selection of a self-report measure involves careful consideration.
Al'though several scales are available for self-assessment, there are afewconparative
studi es to suggest which scale performed the best. Tyler and Smith (1983) assessed
hearing handicap using two questionnaires, the Social Hearing Handicap Index
(Ewerstein and Birk-Nielson) and the Hearing Measurement Scale (Noble and
Artherly, 1970). Highcorrelation was observed between the Social Hearing Handicap
Index and Hearing Measurement Scale but the former consistently suggested greater
handi cap than the later. They attributed it to the fact that Social Hearing Handicap
I ndex emphasi zed on speech hearing whereas Hearing Measurement Scal e provided a

much broader context to determ ne the handi cap.
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Mur | ow, Tul ey and Aguilar (1990) compared the performance of four different
scales in ability to assess any change in the perceived handi cap with hearing aid use
and for screening hearing loss. The four scales included a | ong and short version of
Hearing Handi cap Inventory for the El derly (Ventry and Weinstein, 1982, 1983) and
I ong and short version of Revised Quantified Denver Scal e of Communi cation (Tul ey
et a., 1990). They concluded that short version of Hearing Handicap Inventory for
the Elderly and Revised Quantified Denver Scale were as accurate and sensitive for

detecting a changein the perceived handi cap as the | ong versions

Inviewof the dearth of studies comparing the useful ness of various scal es, the
choice of a self-assessment scale will depend on the popul ation to be studied and the
purpose of the investigation. Demorest and Wal den (1984) suggested that the
fol | owi ng three questions shoul d be answer ed before adopting a sel f-assessment scal e:
1) What istobeassessed?

2) Whoistobeassesses?

3) Why istheinformation being obtained?
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CORRELATES OF SELF- PERCEI VED HANDI CAP

Sel f-perceived handicap is a complex phenomenon that is dependent on a
number of factors. The factors that contribute to hearing handicap can be broadly

classified into audiological and non-audiological correlates of self-perceived

handi cap.

AUDI OLOGI CAL CORRELATES OF HEARTI NG HANDI CAP

Resear chers have tried to correlate the findings on audiological tests with
scores obtai ned on sel f-assessment of hearing handicap (Highet a., 1964; Berkowitz
and Hotchberg, 1971; Speaks et al., 1970; M Cartney et a., 1976; Schow and
Tannhi I, 1977, Hawes and Ni swander, 1985; Mathews et a., 1990; Jerger et al.,
1990; Erickson-Mangold et a., 1992; Coren and Hakstain, 1992; Newman et a .,
1997; Barrenas, and Hol gers, 2000). Among the audiological measures, factors
related to both peripheral hearingloss (Highet a., 1964; Berkow tz and Hot chberg,
1971; Speaks et a., 1970; M Cartney et a., 1976; Schowand Tannhill, 1977, Hawes
and Ni swander, 1985; Mat hews et a., 1990; Jerger et a., 1990; Erickson- Mangol d et
al., 1992; Coren and Hakstain, 1992; Newman et a., 1997) and central auditory

dysfunction (Jerger et a., 1990; Chimel and Jerger, 1993) have been studied. These

have been di scussed here:
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Peripheral Hearing Loss and Self-Perceived Handi cap

Pure-tone sensitivity, speech identification and self-perceived handi cap

Initial investigations focussed on studying the correlation of self-perceived
handicap with sensitivity measures (pure-tone threshold and speech reception
threshol d) and speech identification inquiet. Highet al. (1964) studied correlation
bet ween scores obtained on Hearing Handicap Scale (High et al., 1964) and
audi ol ogi cal measures on fifty hearing inpaired adults. The audiological tests
included estimtion of pure-tone thresholds, speech reception threshold, speech
identification scores. A significant correlation (r=0.70) was obtained between the
scores obtained on Hearing Handi cap Scale and measures of auditory sensitivity for
the subject's better ear. The results showed negligible relationship between scores
obtained on Hearing Handi cap Scale and speech identification measures. However,
Berkowitz and Hochberg (1971) reported slightly different results. They also
adm nistered a battery of audiological tests along with the Hearing Handicap Scale
(Higheta., 1964). Their test batteryincluded pure-tone audiometry, speech reception
threshol d, speech identification for words and sentences. Scores on the Hearing
Handi cap Scale showed moderate correlation with pure-tone average (average of 500
Hz, 1000 Hz and 2000 Hz) and speech reception threshold (0.57 and 0.56
respectively). The correlation with identification measures were very |ow, but

statisticallysignificant (-0.30and-0. 26)

Simlar results were also reported by Speaks et al. (1970) and Schow and

Tannhi| (1977). Speaks et al. (1970) observed moderately high correlation between
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the scores for the HearingHandi cap Scale (Highet al., 1964) and pure-tone sensitivity
about 0.65) but the correlation was very | oww th measures of speech identification
about 0.35). They further reported that using an index, which incorporated
information about both hearing sensitivity and speech identification, yielded a
correlation that was no higher than sensitivity measures alone. Schow and Tannhil
(1977) adm nistered the Hearing Handicap scale (High et a., 1964) on a sanple of
subjects with normal hearing (pure-tone average less than 10 dBH, borderline nor mal
sensitivity (pure-tone average ranging from1l dBto 25 dB)HL and those with mld to
moderate hearing loss (pure-tone average between 27 dB to 65 dBH. The results
revealed a high correlation between the handicap scores and pure-tone average

(r=0.73) but | owcorrelation between handi cap scores and speech identification scores

(r=0.20).

Investigations were carried out using other self-assessment scales and the
results obtained again demonstrated that sel f-perceived handi cap correlated better with
pure-tone sensitivity than with a speech identification measure. Ewerstein and Birk-
Nei |sen (1973) reported a high correlation of 90% between the Social Hearing
Handi cap I ndex and the degree of hearing inpairment. Weinstein and Ventry (1983
a) investigated the relationship between the scores obtained for Hearing Measur ement
Scal e (Nobl e and Artherly, 1970) and the audiol ogi cal findings in eight male veterans.
Sel f-perceived handi cap showed moderate correlation (0.5 to 0.62) with sensitivity
measures but poorer correlation with speech identification scores. The correlation
obt ai ned bet ween scores for PB-50 word list and the Hearing Measurement Scale was
stronger than that obtained between the scores for W-22 and the Hearing

Measurement Scale. Weinstein and Ventry (1983b) exam ned the audiometric
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correlates of hearing handicap as measured by the Hearing Handi cap I nventory for the
Elderly (Ventry and Weinstein, 1982) in one hundred elderly subjects. Pure- tone
testing and speech testing were carried out on al the subjects. Ascore of 16%or |ess
on Hearing Handi cap Inventory for the el derly was consi dered as no handi cap, 17 %to
42%amldtomoderate handicap and a score in excess of 42 %was interpreted as a
significant handicap. Analysis of the results demonstrated that the handicap score
showed |ower but significant correlation with supra threshold speech recognition
ability than with sensitivity measures (r=0.38 to 0.45). Among the sensitivity
measures, pure-tone average showed better correlation (0.58 to 0.62) than speech
reception threshold (0.56 to 0.59). They observed that despite the significant
correlation between audiometric variables and hearing handicap, more than 50 % of
the variance in self-perceived handicap remains unexplained by the audiometric
variables studied. They concluded that there was a need to measure handicap using a

self-report format rather than inferring hearing handicap fromaudi ometric data.

Ericksson-Mangol d, Hallberg and Erlandsson (1992) translated the Hearing
Measurement scale (Noble and Artherly, 1970) into Swedi sh and administered the
same on 122 Swedi sh subjects with slight to moderate hearing inpairment. The
results showed that handicap scores correlated with the degree of hearing loss, as
measured with pure-tones. Earlier, simlar findings were reported by Artherly and
Noble (1971), M Carlney et a. (1976) and Noble (1979). Coren and Hakstain
(1992) cross validated the scores obtained on Hearing Screening Inventory against
pure-tone testing using 422 subjects. A high correlation of 0.81 was obtained

between pure-tone thresholds in the better ear and the handicap scores.
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To summarise, the correlation between the pure tone thresholds and self-
perceived hearing handi cap range from0.5 to 0.8 whereas speech identification scores
inquiet showed | ower correlation (-0.3 to -0.6) with self- assessment scores. These
results indicate that speech identification scores obtained in quiet conditions m ght be

a poor indicator of performance in everyday listening situation.

Correlation of audiological measures with different subscales of a self assessment

scal e

Studies have also been carried out to investigate the relationship between
audi ol ogi ¢ measures and different subscales of a self-assessment scale. One such
study was carried out by Mc Cartney, Maurer and Sorensen (1976) who compared the
results obtai ned on Hearing Handi cap Scal e (High et a., 1964), Hearing Measurement
Scale (Noble and Artherly, 1970) and audiological evaluation. Hearing evaluation
included estimtion of pure-tone thresholds, speech reception thresholds and speech
identification ability at the most confortable level. The self-assessment scales were
random y administered with half of the subjects receiving it before and the other hal f
after the audiol ogical evaluation. Self-perceived handicap as assessed fromboth the
scales showed a significant correlation with the audionetric measures. Three of the
seven sections of Hearing Measurement Scale displaying the highest correlation were
emot i onal response, speech hearing and personal opinion. Handicap scores correlated
better with pure-tone audiometry (0.62 for HHS and 0.52 for HMS) than with speech

identification ability (0.44 for HHS and 0.40 for HMS) .
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I'n anot her study, Demorest and Wal den (1984) anal yzed data of 250 patients
onwhomHearing Performance Inventory (Golas et a., 1979) was admnistered. The
scores obtained on each subscale were correlated with pure-tone thresholds and
speech recognition scores. Among the subscales, speech, intensity, response to
auditory failure and occupational subscales correlated significantly with pure-tone
threshold in the better ear at 1000 Hz, 2000 Hz and 4000 Hz but the relationship was
not strong. The highest correlation was with the intensity subscale (0.39). The same
four scales showed significant correlation with speech recognition scores also.
Further, it was observedthat the speech scale was mor e highly correlated with speech
recognition scores than with pure-tone sensitivity. The intensity subscale that
included questions on awareness of signal showed higher correlation with pure-tone

sensitivity than with speech recognition.

It can be concluded fromthese studies that the content of questions usedin a
scal e/subscale determne the relationship between the handicap scores and
audi ol ogi cal measures. The variations in the results of different studies can be

partially expl ained by the content of the questionnaire used.

Different combinations of pure-tone average and self-perceived handi cap

Even though sel f-perceived handi cap showed higher correlation with pure-tone
results than with speech reception threshold or speech identification measures, the
variations in the scores obtained on self-assessment scale could not be conmpletely
explained. Hence research was carried out to explore the relationship of self-

perceived handicap with different combinations of pure-tone average. Noble and
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Arhterly (1970) reported that there was a consistent but not a close relationship
between scores for Hearing Measurement Scale and the results of the audiol ogical
tests. Highest correlation was obtained for speech reception threshold for disyllables
in free field followed by speech identification scores for monosyllables and high
frequency pure-tone average. Habib and Hnchcliffe (1978) studied two samples (one
inLondon, the other in Cairo) of patients who were suffering froman impairment of
hearing and reported that the subjective magnitude of auditory handicap was

significantly correlated to the average hearing level at 2000 Hz for the t wo ears.

Newman, Weinstein, Jacobson and Hug (1990) assessed the correlation
bet ween pure-tone sensitivity (based on speech frequency pure tone average and high
frequency pure tone average of the better ear) and the scores obtained on the Hearing
Handi cap Inventory for the Adults. The results showed a weak but statistically
significant correlation (r=0.29 to 0.35). But the difference in correlation for the t wo
pure-tone averages was negligible (e.g. 0.34 Vs 0.33 for the total score). Correlation
with word recognition scores were even poorer yet statistically significant (r=0.26 to
0.28). On the contrary Barrenas and Hol gers (2000) reported that speech was more
correlated to high than to mid frequency hearing thresholds whereas no such

difference was observed in disahility to recognise non-speech sounds.

Brainerd and Frankel (1985) explored the relationship between self-perceived
handi cap and audionetric data on 430 subjects. They used Denver Scale of
Communi cative Function and the Social Hearing Handicap Scale for self-assessnent
of hearing handicap. An overall measure of perceived handicap was obtained by

combi ni ng the scores of the t wo measures. Based on pure-tone data, the percentage of
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handi cap was cal culated using different formulae. They reported a weak correlation
bet ween self-perceived handi cap and handi cap cal cul ated through arithmetic formula.
The highest correlation was observed between better ear pure-tone average (average of
500 Hz, 1000 Hz and 2000 Hz) and the combi ned scores for self-assessment scales.
Al'so the better ear pure-tone average showed hi gher correlation with scores obtained
on Social Hearing Handicap Index (r=0.38) than on Denver Scale (r=10.32). This
may be attributed to the fact that the former focused on evaluation of communication
through speech and the later focused more on emotional reaction of the subject to his

hearing i mpai r ment.

Thus, results of amgjority of studies show that correlation between better ear
pure-tone threshol ds and sel f-perceived handi cap i s higher than that observed bet ween
pure-tone threshol ds of the poorer ear and handicap scores. There is no consensus

regarding the effect of hearing loss at different frequencies on the self-perceived

handi cap.

Rel ationship of the self-perceived handicap with configuration and type of hearing

| 0ss

Attempts have also been made to study the relationship of the self-perceived
handicap with the type of hearing loss and configuration of the audi ogram Lutman,
Brown and Coles (1987) admnistered a self-assessment questionnaire to 1691
subjects inthe age range of seventeen years to eighty-nine years. Best correlation was
observed bet ween handi cap scores and bi naural pure-tone average of 500 Hz, 1000 Hz

and 2000 Hz wei ghted 41 in favor of better ear. Audiogramslope did not appear to
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be an inmportant factor in self-reported disability. Type of haring loss was a highly
influential factor for subjects whose hearing threshold was more than 40 dB HL in the
better ear. Greater disability and greater handicap was reported by subjects with
conductive/mxed hearing loss when compared to subjects wth sensory-neural

hearing | 0ss.

Newman, Jacobson, Hug and Sandridge (1997) assessed self-perceived
handicap in a sample of sixty-three patients ranging in age fromeighteen years to
sixty-four years. The subjects had either unilaterally normal hearing or bilatera mld
hearing |oss (pure-tone average less than 40 dB HL) . Results revealed that subjects
perceived hearing handicap even when the hearing threshold was by less than 40 dB
HL. However, there was a large inter-subject variability among subjects indicating
that individuals react differently to their hearing inmpairment. Newmanet a. (1997)
suggested that subjects with unilateral or m|d hearing [oss m ght be considered for
audi ol ogic rehabilitation, including at least patient-famly counseling regarding
communi cative strategies and the option to evaluate the potential benefits from

amplification.

Hustedde and W ley (1991) investigated the relationship between self-
perceived handi cap and consonant-recognition ability. They studied self-perceived
handi cap using the Hearing Performance Inventory-Revised (Lamb et a., 1983) on
subjects whose audiograms were simlar but consonant error patterns were different.
The results revealed that self-assessment of hearing handicap did not vary with

consonant-recogni tion ability.
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It can be concluded fromthese studies that even subjects with mld hearing
loss experience handicap and shoul d be considered for aural rehabilitation. Sel f-
perceived handicap varies depending on the type of hearing loss but audiometric
configuration does not affect the handicap scores. However, further studies are

required to substantiate these findings

Speech identification in noise and self-perceived handi cap

In order to evaluate other factors besides pure tone threshold and speech

i dentification-in-quietthat mght contributetohearinghandicap, soneinvestigators
have used speech identification-in-noise as a dependent variable. Mason and Asp
(1976) investigated the relationship between the self-perceived handicap and
identification scores on modified rhyme test admnistered in quiet and at + 5 dB
signal-to-noise ratio with a reverberation time of 0.2 seconds and 0.5 seconds
Analysis of the results revealed a significant correlation between the self-assessed
hearing handi cap and identification scores only when the test words were presented at
+5 dB signal-to-noise ratio with a reverberation time of 0.2 seconds. Row and, Dirks,
Dubno and Bell (1985) conpared speech recognition performance in conditions of
quiet and babble (Speech Perception in Noise Test) with the handicap scores for items
from a self-assessment scale concerned with communication ability in quiet and noise
(" Understanding Speech' section of Hearing Performance Inventory, Golas et al.
1979). They found that performance on both the speech recognition and self-
assessment tests differentiated between normal |isteners and individuals with mld-to-

moderate sensory-neural hearing loss. For the hearing-inpaired group, correlation
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bet ween speech recognition scores and ratings on the self-assessnent itens were poor,

suggesting that performance measured with these tests have only a weak relationship.

Hawes and Ni swander (1985) correlated the scores obtained on the revised
Hearing Performance Inventory (Lamb et a., 1983) with hearing sensitivity and
speech identification measures. The study was conducted on thirty-nine subjects with
noi se-induced hearing loss. Pure-tone average using five different combinations
(average of 500 Hz, 1000 Hz and 2000 Hz, average of 500 Hz, 1000 Hz, 2000 Hz and
3000 Hz, average of 500 Hz, 1000 Hz, 2000 Hz, 3000 Hz and 4000 Hz, average of
1000 Hz, 2000 Hz and 3000 Hz and average of 1000 Hz, 2000 Hz and 4000 Hz) and
spondee threshol d were considered for sensitivity measures. Speech identification
was tested using CIDW-22 word list at most confortable level in quiet and in the
presence of noise with a signal-to-noise ratio of +10 dB. The results indicated that the
handi cap scores correlated hetter with speech identification measures than with
sensitivity measures. However, the difference between the two correlation was not
statistically significant. Correlation of self-assessment scores with combi ned measures
of sensitivity and identification was also studied. Social adequacy index (Davis,
1948) was determ ned by entering the identification scores and spondee threshol d into
the social adequacy index (SAI) table. Identification scores at most confortable |evel
inaquiet, inthe presence of noise and identification scores at 45 dB HL were used to
cal culate SAI-quiet, SAI-noise and SAI at conversational |evel respectively. O these
three variables, again SAl-noise correlated most highly with the self-perceived
handi cap scores. Hawes and Niswander (1985) attributed this relatively high
correlation with speech identification measures to item content of Hearing

Performance Inventory which was heavily weighted wth items assessing
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understanding speech. Weinstein and Ventry (1983 h) reported that tests using less
intelligible speakers showed higher correlation than tests of clearly articulated
monosyl | abl es. Based on arecent study on subjects with noise induced hearing |oss,
Barrenas and Hol gers, (2000) reported that the handicap scores showed a stronger

correlationto pure tone threshol ds than to speech recognition scores in noise.

Onthe contrary it has alsobeen reportedthat speech identification in noise and
pure-tone threshol ds showsimlar correlationwth hearing handi cap scales. Mathews,
Lee, MIls and Schum(1990) compared the results of pure-tone audi ometry, speech
reception threshold in quiet and word identification scores in quiet and speech
perception in noise (SPIN) with the scores obtained on the Hearing Handicap
Inventory for the Elderly (Ventry and Weinstein, 1982). They also calculated the
amount of handicap based on pure-tone threshold using an arithmetic formula. The
results of their study indicated that pure-tone test results and SPI N test results were
better predictors of HHI E total scores than word recognition scores or the amount of
handi cap cal cul ated using arithnetic formula. However, the correlation coefficient
was nearly the same for both pure-tone average and speech identification scores in
noise (r=10.39to00.63 for pure-tone average and r=10.47 to 0.63 for SPIN). Earlier,
Tyler and Smith (1983) had also reported simlar results. In (heir study, (he
performance on atask of sentence identification in the presence of noise showed high
first-order correlationwith scores on hearinghandicap scales. They suggested that the
intelligibility of sentences in the presence of noise m ght be a more appropriate task
for uncovering handicap than wor d or synthetic sentences. However, the correlation
obtained was not significantly higher than the correlation with pure-tone threshold.

Al'so, further analysis showed that both the questionnaire and sentence identification
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in noise showed a high dependence upon pure-tone thresholds. Therefore, it is
possible that the correlation bhetween the questionnaire and the speech tasks was

actual Iy mediated by their common dependency on pure-tone threshol ds.

Thus, it can be summarised From the results of these studies that speech
identification in the presence of noise is more closely related to self-perceived
handi cap than speech identification in quiet. However, it does not explain the

variation in self-perceived handi cap better than that explai ned by hearing sensitivity.

Central Auditory Processing And Self-Perceived Handicap

The results of various studies indicated that, in general, the audiometric
variances such as pure-tone sensitivity and speech identification measures accounted
for less than half of the variance in handicap scores suggesting that the traditional
hearing evaluation does not accurately reflect the client's perceptual difficulties.
Therefore, research was carried out to investigate the effect of central auditory
dysfunction on self-perceived handi cap. Jerger, Oiver and Pirozzolo (1990) studied
the impact of central auditory processing disorder and cognitive deficit on the self-
asscssmenl of hearing handicap nn 122 elderly subjects. Al the subjects were tested
using an audi ol ogi cal and a neuro-psychol ogi cal test battery. Audiol ogical test battery
included pure-tone audi ometry, tympanometry, and measurement of static compliance.
Speech identification for PB words, speech identification for SSI list, speech
perception-in-noise test and the dichotic sentence identification test were used to
check the central auditory dysfunction. The Hearing Handicap Inventory for the

El derly (Ventry and Weinstein, 1982) was admnistered using a paper-pencil method.
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A neuropsychol ogi st al so exami ned the subjects to check for cerebral dysfunction and
cognitive deficit. It was observed that the el derly subjects with symptoms of central
auditory dysfunction rated themselves as more handicapped than did the subjects
without symptoms of central auditory processing disorder. However, the cognitive

status did not affect the self-perceived handi cap.

NON- AUDI OLOGI CAL CORRELATES OF HEARI NG HANDI CAP

It has been suggested that variability in self-reported handi cap scores may al so
be due to a number of extra-audiologic variables such as age, gender, soci oeconom ¢
status, personality, general health and life style (Noble, 1978). However, non-
audi ol ogi cal correlates of hearing handicap have not been studied in depth and the

results of the fewstudies reported are equivocal .

Ewerstein and Birk-Nielson (1973) observed that the duration of hearing
i mpai rment and the age of the subject did not affect the degree of hearing handicap
whereas the capacity of speech-reading had a definite influence.  Habib and
Hnchcliffe (1978) also reported that the age and gender of the subject did not
influence the estimtion of the subjective magnitude of auditory handicap. Schow and
Tannhi |l (1977) reported that age had only a small influence on HHS findings in their
study. An anomal ous effect of age was found, however, in an investigation by
Lut man, Brown and Col es (1987). Analysis of the data obtained fromsubjects in the
age range of seventeen years to eighty-nine years revealed that people with simlar
hearing i mpairment reported less disability and handicap as age increased. This was

interpreted as over-conpensation for the effects of age in a self-report. Separate
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analysis by hearing loss type indicated that this effect was evident in sensory-neural
subgroup but not in the conductive/mxed subgroup. In the same study it was
observed that socioeconom ¢ status had no material effect on the self-perceived
handi cap score. Analysis of the results to study the effect of gender showed that only
in the subgroup with sensory-neural sloping hearing loss, men had slightly higher
di sability/handicap scores than women. This was only partially explained by poorer

hi gh-frequency threshol ds in men.

Berkowitz and Hochberg (1971) studied the relationship between self-
assessment of hearing handicap as determned by the Hearing Handicap Scale and a
battery of audiol ogical tests in one hundred individuals ranging in age fromsixty to
ei ghty-seven years. The results suggested interdependence between age and gender.
The relationship between self-perceived handicap and audiol ogical measures were
different for males and females and subjects in different age groups. However, a

systematic relationship was not observed.

Gordon- Sal ant, Lantz and Fitzgibbons (1994) investigated the effects of age on
sel f-perceived hearing disability among young and elderly people with comparable
hearing sensitivity. Subjects with normal hearing sensitivity or mld-to-modcrate
sloping sensory-neural hearing loss were considered for the study. The Hearing
Handi cap Inventory for the Elderly (Ventry and Weinstein, 1982) was presentedto the
ol der subjects and the Hearing Handi cap Inventory for Adults ( Newman et at., 1990)
was presented to the younger subjects. Statistical analyses revealed an interaction
bet ween age and hearing loss, in which younger subjects with hearing loss reported

mor e handi capping effects of sensitivity loss than the elderly subjects with hearing
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loss. Gordon-Sal ant et al. (1994) reported that this age effect coul d not be attributed to
differences in hearing sensitivity between the young and elderly subjects with hearing

i mpairment. Gender effect was not considered in the study.

Gat ehouse (1990) studied the effects of hearing threshold level, age,
personality —and intelligent quotient (1Q on indices of self-reported
di sability/handicap, derived fromthe Hearing Performance Inventory (Golas et al,
1979) and a Hearing Disability Questionnaire developed by the Medical Research
Institute of Hearing Research, on a sample of 240 individuals inthe age range of fifty
to seventy-five years. Al the subjects had bilateral, symmetrical sensory-neural
hearing loss. The results showed significant effects of age, 1Q, and, in particular,
personal ity on many aspects of reported disability/handicap. Although an increase in
the hearing threshold level led to an increase in disability/handicap, an increase in age
led to a decrease. Also individuals with higher neurotic (anxious) scores reported
greater disability for a given hearing threshold level and age. 1Q variables also
exhibited significant correlation with most of the disability/handicap measure.
Further analysis reveal ed that contribution of these factors was different for mal es and
females. It was observed that the contribution of age and 1Qto disability/handicap
indices was greater for mal es than for femal es whereas the contribution of personality

aspects was greater for femal es than for mal es.

Gender difference in adjustment to acquired, mld-to-moderate hearing |oss by
older men and women were examned by Garestcki and Erler (1999) using the
Communi cation Profile for the hearing inpaired (Demorest and Er dman, 1986, 1987).
Results revealed that when the socio-demographic and hearing variables were

controlled, group responses to the myjority of the scales did not differ significantly.
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However, when compared to men, women assigned greater inportance to effective
social communication, were more likely to use nonverbal communication strategies,

reported greater anger and stress, and reported of greater probl emawareness and |ess

deni al associated with hearing |oss.

I'n astudy by Hal I berg and Carlsson (1991), years of education showed a weak
correlation with perceived handicap in the sinmple correlation matrix, but in the
multiple regression analysis this factor was found to be a significant predictor of
perceived handicap. The relationship was negative indicating that the lesser the

education, greater the perceived handicap.

Mar cus-Bernstein (1986) studied the contributions of audiological and non-
audi ol ogi cal factors in one hundredelderly black individuals. Audiological evaluation
comprised of pure-tone ar and bone conduction testing, spondee threshold
measurement and speech intelligibility evaluation under earphones. In addition,
speech identification ability was also evaluated in sound field using W-22 word [ist
and sentences, both, in quiet and in the presence of noise. The non-audiol ogical
factors were measured wusing the Miltidimnsional Functional Assessment
questionnaire ( MFAQ), a scale that assessed individual functioning on five
di mensi ons: social resources, econom ¢ resources, mental health, physical health and
activities of daily living.  Self-perceived handicap as measured by the Hearing
Handicap Inventory for the Elderly (Ventry and Weinstein, 1982) and Hearing
Handicap Scale (High et a., 1964) was significantly related to each of the
audi ol ogi cal variables and the relationship was higher when speech identification was

assessed at 50 dB HL in the sound field However, audiological factors accounted for
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only 46% of scores on Hearing Handicap Scale and 23% of scores on Hearing
Handi cap Inventory for the Elderly. Both the handicap scales showed comparable
relationship with the dimensions of social resources along with mental and physical
health. The self assessed hearing handi cap as measured by both the scales showed
strongest relationship with the following dimensions: the affective, interaction and
dependabi | ity di mensions of social support; the lethargy and satisfaction di mension of
ment al health; perceived econom ¢ status and subjective health status, in that general
order. Once the hearing status was taken into account, three non-audiol ogical factors
(lethargy, dependability and paranoia) emerged as key predictor variables for both the
scales. The non-audiol ogi cal variables explained a greater proportion of the variance
in the scores of Hearing Handicap Inventory for the Elderly than those of Hearing
Handi cap Scal e. This may be explained by the nature of the questions usedin the two
scales. It may be recalled that the former has a situational and emotional subscale

wher eas the later does not assess the subject's reaction to handicap.

Adj ustment to hearing impairment was studied, by Erdman and Demorest
(1998 b), froma heterogeneous clinical database with results of audiol ogical tests,
demographic informtion, case history and responses to Communication Profile for
the Hearing Inpaired (Demorest and Erdman, 1986, 1987). Herarchical regression
analysis revealed that audiological measures were noderately correlated with
communi cation performance, behavioral strategies and personal adjustment. Wth
hearing i mpairment controlled statistically, age and education effects were evident in
many areas of adjustment to hearing inpairment. Correlation between adjustment and
gender was relatively weak. Mrital status, empl oyment status and race/ethnicity were

rarely significant correl ates.



Thus, the results of the studies on effects of non-audiol ogicat findings on the
sel f-perceived handicap show equivocal results.  Al'so, non-audiological variables
alone or in combination wth audiological variables fal to account for the complete

variability in the handicap scores.

ASSESSMENT OF HEARI NG HANDI CAP BY SELF AND FAM LY

MEMBER

A few self-assessment scales such as Nursing Home Hearing Handi cap I ndex
(Schow and Nerbonne, 1977), MCarthy-Alpiner Scale (M Carthy and Al piner,
1983), Hearing Handicap Inventory for the Elderly (Ventry and Weinstein, 1982)
include a formto collect information fromthe famly member or a significant other
person regarding handicapping effects of hearing loss in a hearing-inpaired
individual . Studies have been carried out to compare the handicap perceived by the
hearing-inpaired individual and the fam |y member or significant-other. Schow and
Nerbonne (1977) administered Nursing Home Hearing Handi cap Index (NHHI) on
105 residents of four different nursing homes and compared the scores obtained with
the pure-tone average (average of 500 Hz, 1000 Hz and 2000 Hz) . The analysis of the
results reveal ed that the staff NHHI scores generally correlated better (r=0.62) with
pure-tone average than did sel f-NHHI scores (r=0.49) indicating that the staff was
mor e objective in such evaluations. They suggested NHHI scores of 40 %or greater
may be viewed as a sympt om of serious handicap when reported by the resident or

staff.
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McCarthy and Al piner (1983) admnistered McCarthy-Al piner Scale to sixty
adults with hcaring-inpairment and their Famly menbers. The results revealed an
overall |ow level of agreement between the subjects and famly members for items
representing the psychological, social and vocational parameters. McCarthy and
Al'piner (1983) suggested that the disagreement detected, provided valuable
informationfor effective famly counselingin the aural rehabilitation process. Simlar
results were obtained by Newman and Weinstein (1986) who admnistered Hearing
Handi cap Inventory for the Elderly (Ventry and Weinstein, 1982) and Hearing
Handi cap Inventory for the El derly-spouse version ( Newman and Weinstein, 1986) in
a face to face interviewto thirty elderly hearing inpaired males and their spouses.
Pure-tone audiometry was then carried out on each hearing inpaired subject. The
results of the study indicated that the hearing-inpaired individual tended to perceive
their hearing loss as more handicapping than the spouses. There was moderate and
statistically significant correlation between the two groups for the total score (r=0.48)
and social/situational scores (r= 0.45), but the relationship between the emotional
subscal e scores of the two groups was weak (r=0.27). Further analysis reveal ed that
for the group with normal hearing or mld loss in the better ear, the correlation
coefficients was nearly the same for both subscales (r=0.40 for emotional subscale
and r=0.30 for social/situational subscale). In contrast, for those with moderate or
severe hearing inmpairment, the social/situational subscale revealed a higher
correlation coefficient (r=0.53) than the emtional subscale (r=10.22). The results
suggested that situational problems encountered by a hearing inpaired individual are

mor e observabl e and therefore more easily identified by the spouse than the emotional

responses.
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Findings at variance with that of Newman and Weinstein (1986) were reported
by Chi mel and Jerger (1993). They compared the patient's sel f-assessment of hearing
handi cap with the assessment made by the patient's significant other. Al the subjects
included in their study had sloping audiograms with mld loss in the md-frequency
range. They admnistered the Hearing Handi cap Inventory for the Elderly (Venlry and
Weinstien, 1982) to al their subjects and the Hearing Handicap Inventory for the
El derly-spouse version (Newman and Weinstein, 1986) to the significant others.
Audi ol ogical test battery included pure-tone audiometry, tympanometry and
measurement of acoustic reflex threshold. The dichotic sentence identification test
was carried out to assess the central auditory dysfunction. The results revealed a
significant discrepancy between the handicap as reported by the patient and as
reported by the significant other. The patients reported significantly less i mpairment
than did their significant other. The analysis also revealed that the difference in
handi cap ratings were not affected by the degree of hearing loss but was affected by
the pattern of hearing loss and by the presence of central auditory processing deficit.
The significant others appeared to be more aware of the handicapping effects of the

central auditory processing deficits than didthe patients themselves.

Newman and Weinstein (1988) conducted a study in which eighteen elderly
hearing inpaired males and their spouses responded to the Hearing Handicap
Inventory for the Elderly prior to and followi ng one year of hearing aid use. Post
fitting eval uation revealed that regardless of the severity of hearing loss, correlation
between spouses' responses and that of the hearing inpaired individual was
statistically significant for total, emotional and social/situational subscales. However,

the correlation prior to hearing aid usage did not achieve statistica significance
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suggesting that couples had different perceptions of the hearing-inpaired individua's
handi cap. The post fitting correlation coefficients were higher (0.95 to 0.98) for
hearing-inpaired individuals with noderate to severe hearing inpairment in
conparison with unilateral hearing loss or mld hearing |oss indicating that spouses

had greater awar eness of their partner's handi cap as hearing | oss i ncreased.

Thus, the results of the various studies indicated that the spouse / famly
member can assess the communication problems faced by a hearing inpaired
individual especially when the degree of hearing loss is noderate or greater than
noderate. The discrepancy in the assessment, if any is helpful in counseling the

patient/famly member.

SELF- ASSESSMENT OF HEARI NG HANDI CAP AS A SCREENI NG TOOL

The use of self-report in screening for hearing inpairment has received
consi derabl e attention by investigators (Lichtenstein, Bess and Logan, 1988; Mur| ow,
Tul ey and Agui | ar, 1990; Newmanet a., 1990; Schow, 1991; Ventry and i nst ei n,
1983; Wi nstein, 1986, Sever, Harry and R ttenhouse, 1989). It has been suggest ed
that self-assessment scal es be used as an adjunct to audi ometric screening to i nprove
the overall effectiveness of screening program As self-report measures require no
equi pment and can be administered by those without specialized training, they can
al so be used for screening in places where facilities are not available for. hearing
evaluation.  Ventry and Weinstein (1983) developed a screening version of the
Hearing Handicap Inventory for the Elderly (Ventry and Weinstein, 1982) and

admini stered the inventory and pure-tone screening on 162 subjects. They suggested
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that a combination of pure-tone screening and handicap screening can be used to
identify the people who require audiological intervention. Pure-tone screening was
carried out at 40 dB HL at 1000 Hz and 2000 Hz. Those who did not hear either of
the two stimuli in both ears or both stinuli in one ear failed the pure-tone screening.

They described the following priority systemto ensure that the people receive the

necessary professional services:

Handi cap as assessed by  Pure-tone screening
HHHE- S

Priority one  Significant handicap Fai |

Priority two  Significant handicap Pass
Priority three M| d handicap Fai |
Priority four ~ M| d handicap Pass
Priority five  No handicap Fai |

Weinstein (1986) studied the sensitivity and specificity of screening program
when Hearing Handicap Inventory for the Elderly-Screening version (Ventry and
Weinstein, 1983) was used alone and when it was used along with pure-tone
screening. They screened 106 elderly individuals using the criteria suggested by
Ventry and Weinstein (1983). A complete audiological test battery was adm nistered
irrespective of the screening results. They observed that the sensitivity of the
combi ned method was 85% and its specificity was 51%. In order to improve the
sensitivity and specificity, the pass-fail criteria for HHI E- S was modified. According
tothe newcriteria 0-10 was considered as pass, 10-24 as m|d handicap and 26-40 as
significant handicap. This revised criteria i mproved the specificity of the screening

procedure to 64 %while the sensitivity of the test did not change. 1In general, the
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specificity was highest when only HHIE-S was used for screening (83% and
sensitivity was highest while using the combi ned approach. Thus the results indicated
that by using HHI E- S alone for screening, the number of false negatives could be

reduced and by using the combined method the number of false positives could be

reduced.

Garestecki (1987), who screened 200 individuals at 500 Hz, 1000 Hz, 2000 Hz
and 4000 Hz, criticized the pure-tone screening procedure used by Ventry and
Weinstien (1983) as it did not include a measure of hearing sensitivity beyond 2000
Hz. Inthis study, the pass-fail criteria were set differently for each test frequency to
allowfor age appropriate changes in pure-tone sensitivity. Acriteria of 25 dB HL was
used for 500 Hz and 1000 Hz whereas the criteria for 2000 Hz and 4000 Hz were 45
dB HL and 50 dB HL respectively. The Hearing Handicap Inventory for the El derly-
Screening version (Ventry and Weinstein, 1983) was used for self-assessment of
hearing handi cap. The results obtained were sinilar to those obtained by Ventry and
Weinstein (1983) in that 71% of those who passed the screening test reported no
handi cap and 7 3 %of those who failed the hearing screening reported some handicap.
Thus irrespective of whether a pure-tone screening procedure incorporates a 40 dB HL
pass-fail criteria for a frequency range of 500 Hz to 2000 Hz or an age appropriate
hearing level criteriafor 500 Hz to 4000 Hz frequency range, approximtely 30 % of
those experiencing hearing difficulty will go undetected and 20- 25%of those who fail

the screening may not feel handi capped due to their |oss.
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Lichtenstein et a., (1988) evaluated diagnostic performance of the HHI E-S
against five different definitions of hearing loss in 178 subjects. The definitions of
hearing | oss used were as fol | ows:

1) Qiteriaof Ventry and\Weinstein (1982, 1983): Subjects were considered as hearing-
impaired if they had a hearing loss of 40 dB HL or greater for either 1000 Hz or 2000
Hz in both ears or if they had a 40 dB HL loss at both 1000 Hz and 2000 Hz in one
ear.

2) Speech frequency pure-tone average ( SFPTA): Subjects whose average hearing | 0ss
at 500 Hz, 1000 Hz and 2000 Hz was greater than 25 dB HL in the better ear were
consi dered as hearing i npaired.

3) High frequency pure-tone average ( HFPTA): Subjects whose average hearing | 0ss
at 1000 Hz, 2000 Hz and 4000 Hz was more than 25 dB HL in the better ear were
consi dered as hearing i npaired.

4) Speech reception threshol d ( SRT): Subjects were considered as hearing inpairedif
the SRTin the better ear was equal to or greater than 25 dB HL.

5) Speech recognition: Subjects whose speech identification scores in quiet was |ess

than 9 0 %in the better ear were considered as hearing i npaired.
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Using cut off point of eight for HHI E- S scores, the sensitivity of HH1E- S for

different criteriawas as fol | ows:

Qiteria Sensitivity  Specificity
Ventry and Wi nstein criteria 72 % 7 %
SFPTA 66 % 79 %
HFPTA 53 % 84 %
SRT 62 % 72 %
Speech recognition 63 % 72 %

They concluded that HHIE-S was a valid test for identifying hearing

i mpairment inthe elderly irrespective of the audiometric definition used to di agnose

hearingdifficul ties.

Bess et a., (1989) conpared the associations of four of the above criteria
(criteria of Ventry and Weinstein, SFPTA, HFPTA and SRT) with two functional
outcome measures in 152 elderly individuals. The self-assessment scal es used were a
Sickness Inpact Profile (SIP) to measure the global function and the Hearing
Handi cap Inventory for the El derly-Screening version (Ventry and Weinstein, 1983).
They observed that preval ence of hearing loss differed markedly depending on the
criteria of hearing inpairment chosen. Using HFPTA, 62% were considered as
hearing inpaired whereas only 35% were considered as hearing-inpaired when
SFPTA was used as the criterion. The preval ence was much | ower when the ot her
two criteria were used (30% using SRT and 29% using criteria of Ventry and

Wi nstein, 1983). However, there was considerable overlap among the four criteria
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The correlation between these criteria and the two functional measures was not the
same. HHI E -S correlated best with criteria of Ventry and Weinstein (1982, 1983)
foll owed by HFPTA whereas SI P correlated better with SFPTA. It was al so observed
that functional impairment increased with an increase in the number of criteria on
which the subjects failed. The analysis of the results also reveal ed that hearing and

communi cative dysfunction were associated with global dysfunction.

Lichtenstein et a. (1990) carried out further research on 304 subjects to
devel op specific criteria of hearing inmpairment for the elderly popul ation using the
same functional assessment scales, the SIPandthe HHI E-S. Using functional scales
as standards, receiver operating curves were constructed for each frequency to select
the threshol d | evel that provided the best overall accuracy for categorizing persons as
impaired or uninpaired. Analysis of the results showed that poorer ear thresholds
were more closely correlated with functional measures than better ear thresholds.
Therefore, the poorer ear threshol ds were usedto determ ne whether anindividual was

handi capped or not. Depending on the functional scale used, the frequencies and the

threshol d | evel chosen vari ed.

Poltl and Hickson (1990) investigated the hearing status and self-reported
handi cap usi ng Hearing Handi cap Inventory for the El derly-Screening version (Ventry
and Weinstein, 1983) intheelderly in-patients. They found that 80 %of the subjects
had pure-tone average of more than 25 dB HL in the better ear and 49 % had a
significant hearing loss (better ear pure-tone average more than 40 dB HL). They
observed a significant correlation between audiologically assessed hearing |oss and

self-reported hearing handicap (r=0.38). Further analysis of their data showed that
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preval ence of hearing loss as measured with audiometry (80% was greater than that
reported by the resident themselves (41%) . Based on these results they suggested that
pure-tone testing i s necessary to identify hearing loss as many patients may deny their
hearing probl emon a sel f-assessment scale. However, it may be noted that they used
astrict definition of hearing loss (pure-tone average of less than 25 dB HL) . A closer
perusal of results showed that only 49 %of the i nmtes had a significant hearing |oss.
So the results suggest hearing handi cap was perceived only when the hearing | oss was
greater than 40 dB HL in the better ear. This supports the criteria used by Ventry and
Weinstein (1983) for identifying a subject with hearing inpairment. Simlar
suggestions were also made by Schow (1991). Based on the results of 13,000
patients, Schow(1991) concluded that the combination of a 25/ 30 dBHL pure-tone fence

and a handi cap screeningw |l yieldaveryfeasible strategy for hearing aidreferral.

Jupiter (1989) conducted an investigation to determ ne whether an elderly
personis morelikelytoproceedw tharecommendationfor hearing tests and, further,
touse ahearing aid when both hearing sensitivity and hearing handi cap are screened.
The results of the study showed that it did not make a significant difference but
slightly greater number of subjects purchased a hearing aid when both pure tone

screening and handi cap screening was used.

Schowet al. (1990) anal yzed data obtained fromhearing screening at health
fairs over a period of four years to compare the sensitivity and specificity of three
different scales in hearing screening. Pure-tone screening was done for al the
subjects and self perceived handicap was measured using Rating Scale for Each Ear

(Schein, Gentile, and Haase, 1970 as citedin Schowet a., 1990), Hearing Handi cap
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Inventory for the elderly - Screening version (Ventry and Weinstien, 1983) or Self
Assessment of communi cation (Schow and Nerbonne, 1982). They reported that best
overal | sensitivity and specificity was obtained by Rating Scale for Each Ear. They
opined that this is probably because this scale consisted of questions only relating to
hearing probl emand did not have questions about the effect of hearing problem on
every day situations. They concluded that if self-assessment is used as a substitute for
hearing screening, a self-assessment scale simlar to Rating Scale for Each Ear shoul d
be used. If one wishes tofindout the amount of handicap, ascale simlar to HHI E- S
can be used. They also cautioned that the preval ence of hearing loss may be | owwhen
a self-assessment scale is used since some individuals with hearing i mpairment deny

their problem

Thus, areview of literature shows that self-assessment of hearing loss is an
useful adjunct in audiological test battery.  Audiological and non-audiol ogical
variables fail to account conpletely for the variability in the self-perceived handicap
scores but they are not conpletely i ndependent of each other. The main factor, which
determnes the self-perceived handicap scores, is the hearing sensitivity of an
individual. Henceit ispossibletopredict the degree of hearingloss based on the self-

perceived handi cap scores.
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CHAPTERIII

METHODOL OGY

SUBJECTS

Mal es and females ranging in age from eighteen years to eighty years,
random y selected among native speakers of Kannada, served as subjects. The

subjects were grouped into three categories based on their age and hearing

I mpai rment .

Group-1 included thirty young adults (fifteen males and fifteen females) in the age

range of eighteento forty-eight years (mean age = 35.5 years). Only those subjects

who met the fol l owing criteriawere includedinthis group:

* Pure tone thresholds equal to or less than 25 dB HL (ANSI, 1989) in the
frequency range of 250 Hz - 8000 Hz i n both the ears

* 'A type tympanogramin both ears.

* No history of any otologic abnormality or neurological problem

Group - Il includedthirty-five adults (eighteen mal es and seventeen females) in the
age range of eighteen to fifty years (mean age = 36.5 years). Subjects who met the
follow ngcriteriawereincludedinthisgroup:

* Pure tone average in the range of 26 dBHL to 80 dB HL in the better ear.

* An air-hone gap equal to or less than 10 dB HL in both ears.

* "A type tympanogramin both the ears.
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* No history of known neurological problens

* Not a hearing aid user

Group - Il includedforty geriatric subjects (twenty mal es and twenty females) inthe
age range of fifty-one years to eighty years (mean age = 66. 35 years). Other criteria

for inclusion of subjects weresame asthat for group-I1.

Demographic characteristics

Figure I(a b, c) showing the demographic characteristics of subjects in
different groups indicates that a heterogeneous sample was included for the study. As
depicted Figure 1 (a), amongthirty subjects ingroup!l, two-thirdof the subjects were
fromthe urban area and one third were fromthe rural area. Amjority of the subjects
included in the hearing inpaired groups were alsofromurban area (twenty in group

[l andtwenty-threeingrouplll).

It can be observed fromFigure 1 (b) that the educational background of the
subjects also varied. Based on the educational background, the subjects could be
grouped into three categories, namely, those who were graduates or post-graduates,
those with less than tenth standard education and those with less than seventh
standard education. Group | consistedof fifteen graduates or post-graduates, ten with
education of less than tenth standard and five whose educational background was |ess
than seventh standard. Group Il had fifteen subjects with |ess than seventh standard
education and ten subjects each in the other two categories. Group Il had al most

equal number of subjectsinal thethree categories.
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Aperusal of Figure 1 ( ¢) shows that amjority of the subjects ingroup Il and
I, were employed (twenty-four in group | and twenty-two in group Il). Most of the

subjectsingroup Il hadretired.

PROCEDURE

The study was carried out intwophases. Phase -1 consisted of devel opment of
a scale for self-assessment of hearing handicap and face-to-face interview to record

sel f-perceived handi cap scores. In Phase-11 audiological evaluation was carried out

for al the subjects.

PHASE- |

Test material

A questionnaire for self-assessment of hearing loss was developed in
Kannada, the local |anguage, belonging to the Dravidian language famly. The
individual's difficulty in hearing both verbal and non verbal stimli were assessed.
The fifty items in the questionnaire assessed the hearing handicap of the individual in
various situations such as famliar / unfamliar, noisy/ quiet, with / without visual

clue.

The questions were chosen based on the review of the literature, the
experience of the professionals in the field and the communication needs of the
individual in theIndian context. The questionnaire was eval uated by five audiol ogists

andfivelaymen tocheck if the questionnaire elicits information regarding difficulties
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experienced by the hearing-inmpaired individual. Amended questionnaire was Held
tried on equal number (ten) of subjects with and without hearing loss to check for
anbiguity. Those questions that were ambi guous were modified. A copy of the

questionnaireandits Englishequivalent isgiveninAppendixl.

Test Procedure

Initially a detailed case history including information regarding age, literacy,
occupation (past/present) and soci oeconom c status was taken for al the subjects. For
subjects in Group Il and Il information regarding onset of hearing |oss, duration of

hearing | oss and associ ated probl ems was col | ected.

An interview in Kannada, the language of the subject was conducted to
measur e the self-perceived degree of handicap. Athree-point rating scale was used to
quantify the answer given to each question. A score of zero indicated no handicap

and a score of two indicated maxi mumhandicap. The score obtained were converted

into percentage.

PHASE- | |

Audi ol ogi cal evaluation included pure tone audionetry, speech audionetry

and i mm ttance eval uation.
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[nstrumentation

The followi ng i nstruments wer e used:

1. Acalibrated two-channel clinical audiometer (Madsen OB822) with a headset
( TDH 39 housed in MX- 41/ ARear cushions) and a bone vibrator (Radi o ear B-71)

2. A Stereo cassette player (Philips AW606). The output of the tape recorder was
given to the input of the audionmeter. The output of the audi ometer was given to the
ear phone.

3. Acalibrated m ddl e ear anal yser, GSI 33 (version 2)

The instruments were calibrated to ensure valid results. The procedure used for

calibrationis giveninthe Appendix-11.

Test environment

Al the testing was carried out in atwo roomtest cumcontrol conbination.
The noise level in the test roommeasured using a sound level meter (B & k 2209)
with an octave filter set (B & K 1613) and a free-field m crophone (B & K 4155) is

giveninAppendi x I,

Test material

Paired words in Kannada were used to establish speech reception threshol d.
Bisyllables in Kannada (Silatha, 1983) were used for speech identification test. The

list of words usedfor speechidentificationtest is giveninAppendix- IV.
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A female speaker proficient in Kannada recorded the speech stimli on a
cassette tape using a cassette tape deck. She was given sufficient training to monitor
her voi ce such that the VU meter needl e peaked to a constant point while she repeated
the test words. The carrier phrase /i:ga he:li/ was said prior to each paired word and
bisyllable. Acalibration tone was recorded at the beginning of each word list. The
intensity level of the carrier phrase was maintained such that the VU meter deflection
was within 1 dB as that produced by a 1000 Hz calibration tone on the tape and the
test stimulus was allowed toflowin anatural manner. After each paired-word a gap
of five seconds was given and bet ween each successive bisyllables, asilent interval of

eight second was mai ntai ned.

Test procedure

The fol [ owing tests were carried out for al the subjects:

Immi ttance evaluation: [Immttance evaluation included tympanometry and

measurement of acoustic reflexes threshold. Air pressure in the external ear was
varied from+200 daPato -400 daPato obtainatympanogram Both ipsilateral and
contralateral acoustic reflex thresholds were established for frequencies 500, 1000,

2000 and 4000 Hz.

Pure tone audi ometry : Pure tone audi ometry included estimation of air-conduction

and bone-conduction thresholds. The followi ng instructions were given to the

subjects prior tothe admnistration of the test:
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"You wll hear asound through the headphones. The sound will be first presented to
one ear and later to the opposite ear. Each time you hear the sound raise your finger.

The sound will get softer and softer. Raise your finger even when the sound is very

soft".

Air-conduction and bone-conduction threshol ds were established for dl the
subj ects using the modified Hughson- West | ake procedure (Carhart and Jerger, 1959).
Air-conduction threshol d was assessed at octave intervals from250 Hz to 8000 Hz.
Bone conduction threshol ds from250 Hz t 0 4000 Hz wer e established. The better ear
was tested first. Equal number of right and left ears were tested first when the better
ear of the subject was not known. The non-test ear was masked whenever indicated.

Speci al tests were carried out, whenever indicated, torule out retrocohl ear pathol ogy.

Pure-tone average of the better ear and poorer ear was cal cul ated based on the
respective thresholds at 500, 1000 and 2000 Hz. Binaural percentage of hearing
handi cap was calculated using the formula given by American Academy of
Opt hol mol ogy and Ctol aryngol ogy (1959) (as cited in Ncwby and Popcl ka, 1992).
This formul awas chosen as the percentage of hearing handi cap cal culated i s based on
the thresholds at frequencies that are routinely used for audionetric testing.
Percent age of hearing i mpairment was comput ed for each ear separately by averaging
the air conduction thresholds at 500, 1000 and 2000 Hz, subtracting 26 dB fromthis
average and multiplying the remainder by 1.5%  The binaural percentage of
i mpai rment was comput ed by nul tiplying the percentage i mpai rment for the better ear
by five, adding this product to the percentage inpairment of the poorer ear and

dividing this sumby six.
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Speech audi ometry: Speech audiometry included estimation of speech reception

threshol d, speechidentificationinquiet andspeechidentificationin noise.

a) Speech reception threshold: Speech reception threshold was established using

Kannadapaired words. The subjects wereinstructed as foll ows:

"You are now going to hear some words. Please repeat the words you hear. The
wordswll beconfortably loudat first, but they will get softer and softer. Someti mes

you may not be sure of what you heard. But try to guess and repeat whatever you

think you heard".

To obtain speech reception threshold, four words were presented at 20 dB
sensation level (re; pure tone average). The intensity was then decreased in 10 dB

steps and increased in 5 dB steps to find out the mini mum intensity at which the

subj ect coul d repeat 50 %of the words.

b) Speech identification in quiet: Using Kannada bisyllables, speech identification
ability inquiet was carried out at 40 dB SL (re: speech reception threshold). If the
speech reception threshold of a subject was more than 60 dB HL, speech
identification score was obtained at 100 dB HL. Care was also taken to ensure that
the testing was done at an intensity that was bel owthe subject's unconfortable |evel.
The subjects were instructed to give oral/witten responses. The number of correct

responses was convertedinto a percentage.

12



¢) Speechidentificationin noise: The speech identification score was recordedin the

presence of speech noise with a signal-to-noise ratio of 0 dB, +10 dB and +20 dB.
Event hough speech in the presence of nulti-talker babbl e represents more closely the
speech understanding in everyday listening situation than speech in the presence of
speech noise, the later was chosen as this facility is available in a mjority of the
audiometers. The signal was presented at the same intensity at which speech
identificationin quiet was done. The subjects were instructed toignore the noise and
repeat/wite the words they heard. The number of correct responses was converted

into apercentage.

The data obtained was tabulated and subjected to statisticd analysis. The

results of the study are discussed inthefollow ng chapter.
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CHAPTERI V

RESULTS

The data collected fromone hundred and five subjects who were categorized

intothree groups, namely, normal hearing adult, hearing-inpaired adult and hearing-

i mpai red geriatric subjects was anal ysed using Satistical Package for Social Sciences

(SPSS 7.5 wi ndows version).

The anal yses carried out included:

1.

Comput ati onof mean and standard deviation for al the audiol ogi cal measures and

sel f-perceived handi cap scores.

Principal component analysis (Dunteman, 1994) anditemanal ysis (Demorest and

Wal den, 1984) of the questionnaire

Pearson product-moment correlation (Aron and Aron, 1994) to study the
relationship of audiological and non-audiol ogical variables with the perceived
handi cap.

Anal ysi s of Variance - ANOV A (Aron and Aron, 1994) to study the main effects

of age, gender and degree of hearing loss and their interaction on self-perceived

handi cap.
Regression anal ysis (Lew s- Beck, 1993)
a) tofindout the best predictor/s of the self-perceived handi cap.

b) toobtain aregressionequationtopredict hearinglossfromself-

percei ved handi cap.
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Descriptive statistics

The results of descriptive statistics, mean, standard deviation and range of
audi ol ogi cal measures of normal hearing adults, hearing inpaired adults and hearing
inmpaired geriatrics is summarised in Table I. A perusal of Table 1 indicates that
audi ol ogi cal characteristics of subjects of Group |l and Group Ill were conparabl e but
differed fromthat of adults with normal hearing. The pure-tone average and speech
reception threshol d of the hearing inpaired group (both Group Il and GroupIll) was
hi gher thanthat of normal hearing adults (Group l). Speechidentification scores for
hearing inpaired individuals were poorer than those of the normal hearing adults.
Speech identification in the presence of noise was affected more for hearing inpaired

individual s wi thscores reaching al nost zero percent whenthe signal-to-noise ratio was

0dB.

As expected, the self-perceived handi cap score for the hearing inpaired group
was higher than that for the normal hearing subjects The scores ranged fromzero to
seven with a mean of 2.23 and a standard deviation of 1.98 for Group I. The mean
handi cap score was 49.13 with a standard deviation of 26.95 for Group II. Group Il

had a mean score of 53.25with a standard devi ati on of 23. 86.
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Principal Component Analysis

Principal component analysis with varimax rotation revealed a six factor
solution. Table 2 shows the eigen value, percentage of variance explained by each
factor and the cumul ative percentage of variance that coul d be explained. These six

factors explained 7 8 %of variancein thetotal score.

Table2

Eisen values of prindpd components and Percentage of variance explained

Principa Eigen Value % of Variance Cumulative %
Component Explained
1 16.44 32.89 32.89
2 8.29 16.58 49.46
3 6.26 1251 61.96
4 4.15 831 70.29
5 2.34 4.72 75.01
6 176 3.52 78.53
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Questions were grouped into the six factors based on their factor |oading.
Only those questions that had a factor | oading of greater than 0.45 were included. Al
the questions except one had a | oading of more than 0.45 in only one factor indicating

that factors were nutually exclusive. The conposition of different factors were as

follows:

Factor one (Table 3), which consisted of twenty-six questions, accounted
for 32.88%of the total variance. These questions coul d be grouped under
the headi ng ' speech understanding' .

Factor two (Table 4) encompassing twel ve questions explained 16.58% of
variances in the handi cap scores. The questions grouped under this factor
elicited informtion regarding awareness of speech and non-speech signals.
Factor three (Table 5) comprised of eight questions related to emotional
aspect. This factor accounted for 12.51 %of variance.

Factor four included two variables dealing with speech understanding with
visual clues andrecognition of famliar voice.

Factor five hadjust one variable with a factor | oading of 0.70. However,
the same question had a loading of 0.48 with factor two. As the itemdealt
with the awareness of signals, it was included in factor two instead of

factor five.

Factor six consisted of two of the questions pertaining to localization of

signal s.
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Table3

Composition of Factor 1

Question Content of the question Factor
No. Loading
lLa Conversation with a family member seeted beside 0.61
b Conversation with afamiliar man from a distance of 6-8 0.76

Feet
l.c Conversation with a familiar woman from a distance of 0.75
6-8 feet
ld listening to a family member speaking in a normal tone 0.85
of voice from 10-12 fegt
le Conversation over telephone 0.55
| f Watching TV program from a distance of 6-8 fest 08
1g Watching TV news from a distance of 6-8 fest 0.79
lh listening to radio from a distance of 3 feat 0.66
1. Watching T V program from a distance of 6-8 fet in the 0.75
presence of noise
lj Conversation with abus conductor in acrowded bus 0.75
Lk Conversation with a friend standing beside in a crowded 0.78
ralway platform
11 Conversation with asdes man in abusy shop 0.67
l.m Ligtening to public speech from a distance of 6-8 feet 0.55
from the loudspeaker
In Conversation with a friend in a resaurant 05
10 Conversation in asodd gathering e.g. wedding hall 0.74
lp Conversation while walking in abusy strest 0.74
lq Conversation with a person seated beside (in the 0.75
presence of noise)
lLr Watching amovie in atheater 06
ls Ligening to whispering from a distance of 6 inches 0.76
|t Conversation in guiet - outdoors 0.59
Lu Conversation with visud clues 0.68
2 Turning down the volume of TV or radio before 0.64
carrying out a conversation
3 Understanding speech in a group conversation 0.68
4 Understanding speech when severd people are taking 0.74
a the same time in a large room
5 Understanding speech when somebody speaks dowly 0.75
6 Asking for repetition when people speak 0.68
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Table4

Composition (of Factor 2
Question Content of the question Factor
No. Loading
18.a iearing atelephone ring in aquiet room from a distance of 0.79
6 - 8 fest
18.b bearing aknock on the door in aquiet room from a 0.67
distance of 6 - 8 fet
18.c bearing a dog bark in a quiet room from a distance of 0.48
6 - 8 fest
18.d Hearing sounds of footsteps in aquiet room from a distance 0.45
of 6- 8 fedt
18.e  |Hearing atgp running in a quiet room from a distance of 6 0.61
- 8 feet
18. f Hearing the hiss of a pressure cooker in aquiet room from 0.79
adigance of 6 - 8 fes
19.a |Hearing abushorn in aquiet Stugtion from adistance of 0.74
10- 12 fed
19.b Hearing atelephonering in aquiet Stuation from adistance 07
of 10-12 fett
19.c Hearing the hiss of a pressure cooker in a quiet Stugion 0.71
from adisanceof 10-12fed
20 Hearing somebody cdling you in aquiet Stuation from a 0.56
distance of 6 - 8 fest
21 Hearing somebody cdling you in aquiet Stuation from a 0.67
disance of 10- 12 fest
2 Hearing somebody caling in the presence of noise 05
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Table 5

Composition of Factor 3

Quedtion Content of the question Factor
No. Loading

0 Avoiding conversation with people because of hearing loss 0.71

n Hesitating to meet people because of hearing loss 0.77

2 Feding left out of agroup of people 0.73

B3 Listening to TV /radio less often because of hearing 0.58
problem

! Frudration asiit is difficut to understand speech 0.68

5 Family members getting annoyed 0.58

16 Fedling that people leave you out of conversation because 0.58
of hearing problem

7 Family members getting annoyed because of the volume of 0.51

TV/Radio
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Thus, the results revealed that the first three factors explained 61.96 %
variance of the total score. The last Ihrcc variables accounted lor a relatively |ower
amount of variability. The scree plot (Cattell, 1966 cited in Dunteman, 1994)
indicated al mst a straight [ine after factor three. Therefore, the first three factors

wer e consi dered as the maj or factors.

Pearson product-moment correlation was established to evaluate the
relationship between the total scores obtained for each of these major factors with the
total scores obtained for the questionnaire. As evident fromTable 6, there was a
significant correlation between scores obtained for each of these factors and the total

score. Thefactors also correlated with each other.

Table 6
_Reaults_of corrdaion matrix_
Factor 1 Factor 2 Factor 3
Total score | 0.93 0.86 081
Factorl 0.70 0.68
Factor 2 0.60
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Results of ItemAnalysis

Itemanalysis carried out on the data obtained fromthe subjects belonging to
Group H and H vyielded a Cronbach's alpha of 0.97 indicating high internal
consistency. The mean and standard deviation obtained for individual items is
presented inFigure?2 (a, b, ¢ and d). A perusal of the figures shows that the mean
score for individual questions ranged from0.5 to 15 for amjority of the items for

both Group Il and Group IIl. The standard deviation for al the itenms except one was

mor e than 0.5.

A high mean value (greater than 1.5) was obtained for questions relating to
understanding speech without visual clues from a distance of ten to twelve feet,
wat ching tel evision news/ programfroma distance of six feet in the presence of noise,
under standi ng speech in the presence of noise (e.g. in awedding hall), listeningto a
whi sper froma distance of six inches, and group conversation (questions I.d, i , I.s,
l.oand 5). Questions that elicited i nformation regarding understanding speech with
visual clues froma distance of three feet, awareness of non speech signals such as dog
barking and hiss of a pressure cooker froma distance of six to eight feet (questions

I (v), 18(c), 18(f)), hadal owmean val ue (less thanQ0.5).
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Compari son of scores obtained for subjects with different categories of hearing
loss, shown in Tables 7, 8, 9 and 10, reveal ed a steady increase in the mean scores
frommld hearing loss to severe hearing loss for a mjority of the questions. The
mean scores for questions 1(n) and 1 (u) for the group with moderate degree of
hearing | oss was | ower than that for the group with m|d degree of hearing loss (0.35
against 0.54 for 1 (n) and 1.00 against 1.54for 1 (u)). Answers to questions 3 and4
did not fol low a consistent pattern. The mean score for itemnumber 3 for subjects
with moderat e degree of hearing |oss was less than that for subjects with mld degree
of hearing loss and the |owest mean score was observed for subjects with severe
hearing loss. For subjects with thresholds | ower than 70 dB HL, the mean score for
question number 4 increased with an increase in hearing loss. However, the mean
score was | owest for subjects with severe hearing loss. No difference was observed in

the mean score for groups with mld and moderate degree of hearing |oss for questions

15 and 16.
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Table7

Mean scores for| individud items of factor 1 for subjects with differen| degrees of

hearing loss

Question no. Mildloss Moderateloss | Moderately severeloss | Severeloss
la 0.46 0.76 119 171
b 123 141 1.86 2.00
Ic 115 141 1.85 2.00
Id 162 182 195 2.00
le 0.69 0.82 129 171
If 0.85 106 171 2.00
1g 0.77 129 171 2.00
lh 0.54 0.71 162 17
li 162 171 1.86 2.00
H 1.00 118 162 1.86
Ik 1.08 1.18 1.86 2.00
1 0.85 0.88 157 1.36
l.m 0.54 0.55 114 143
In 0.54 0.35 1.05 1.29
10 1.38 124 1.86 2.00
Ip 1.08 124 176 1.86
Iq 0.85 0.94 167 2.00
Ir 0.54 0.76 114 186
Is 138 171 181 2.00
It 0.46 0.53 152 143
lu 154 1.00 1.62 1.86
2 0.85 112 167 171
3 154 135 186 114
4 0.77 0.94 152 0.86
5 123 153 171 2.00
6 1.00 112 157 186
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Table 8

Mean scores for individual items of factor 2 for subjedts with dffaet degrees of

hearing loss

Question no. Mild loss Moderate loss | Moderately savere | Severeloss
loss
18.a 0.00 0.41 0.90 1.29
18.b 0.23 0.53 1.33 157
18.c 0.08 0.35 0.48 0.71
18(1 0.62 135 1.76 2.00
18.e 0.31 0.88 1.29 157
18.f 0.00 0.35 0.52 0.86
19.a 0.08 0.87 1.05 157
19.b 0.46 0.76 157 171
19.c 0.08 0.65 133 17
2 0.08 0.12 0.62 1.29
21 0.38 0.76 1.62 171
2 0.92 0.82 157 157
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Table9

Mean scores for individud items of factor 3 for subjects with diffarent degrees of

hearingloss
Question no. Mild loss Moderateloss | Moderately severe | Severeloss
loss

10 0.38 0.71 124 114
1 0.69 0.76 129 157
12 0.62 0.59 119 171
13 0.15 0.53 105 171
14 0.54 0.76 124 1.86
5 0.54 0.53 1.00 114
16 0.54 0.53 114 157
17 0.46 0.65 0.95 185

Table 10

M ean scores for individud items of factor 4 and 6 for subjects with differat degrees

of hearing loss

Question no. Mild loss Moderateloss | Moderately severe | Severeloss
loss
7 0.38 0.06 0.52 157
8 0.23 041 0.95 143
9 0.31 0.65 100 157
Iv 0.08 0.00 0.14 0.85
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Short formof the scale

It was felt that a short formof the scale coul d be prepared as there was high
inter-item correlation.  Stepwise nultiple regression was performed to check the
validity of items in predicting the degree of hearing loss. Fifteen items entered the
regression equation with an R-square value of 0.94. Decision regarding retaining a
question in the short version was made based on the results of stepwise multiple
regression equation, itemanalysis and factor analysis. The questions were selected
such that they represented al the major factors of the long formof the scale. An item
was deleted i f there was anarrowrange of scores (less than 0.5), extremely | owmeans
(less than 0.5), lowitemtotal correlation (less than 0.5). When apair of questions
had high inter-itemcorrelation (more than 0.8), either one of the items was deleted or
reworded to include contents of both questions. It was ensuredthat the removal of the

questions did not alter the R-square val ue of the regression equation.

The final short formof the scal e consisting of ten questions (Appendix-V) had
a Cronbach's alpha of 0.89. The Pearson product moment correlation between total
scores on short version and | ong version was 0.96 for the data fromGroup Il and I

combi ned.
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Correlates of Self-perceivcd Hearing Handicap

Correlation of the self-perceived handicap with both audiological and non-
audi ol ogi cal variables were studied. Relationship of self-perceived handicap with

audi ol ogi cal measures and non-audi ol ogi cal variables are di scussed separately.

Audi ol ogi cal measures

Audi ol ogi cal measures obtained in the study included pure-tone threshol ds
from 250 Hz to 8000 Hz at octave intervals, speech reception threshold, speech
identification in quiet and with a signal-to-noise ratio of +20 dB, +10 dB and 0 dB.
Average of pure-tone thresholds at 500 Hz, 1000 Hz and 2000 Hz was taken as pure-
tone average and binaural percentage of hearing | oss was cal cul ated using the formula
suggested by American Academy of Opthal mology and Otolaryngology (1959) (as
citedin Newby and Popel ka, 1992). Analysis was carried out to study the correlation
of each of the audiol ogi cal measures with the total score on the hearing handicap scale
and the total scores obtained for different factors. Only the first three factors i.e.
'speech understanding', 'awareness' and 'enmotional subscale' were considered since

the scree plot indicated that these three constituted the major factors.
Pearson product-moment correlation was calculated to determne the
relationship between audiol ogic measures and self-assessed hearing handicap score.

The hearing handi cap score was significantly (at 0.01 level) related to the pure tone
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threshol ds, speech reception threshold, speech identification scoresinquiet andwith a
signal- to- noiseratio of +20 dB and +10 dB but not to speech identification measure
with a signal -to-noise ratio of 0 dB. Table 11 shows that the magnitude of these

correlation coefficients varied as afunction of the audiol ogi cal measures.

Pure tone average of the better ear showed highest correlation (r=0.75) with
the hearing handicap scores. This was followed by correlation with speech reception
threshold of the better ear (r=0.70). A negative correlation was obtained bhetween
speech identification scores and self-perceived handicap scores.  Though the
correlation was statistically significant, it was poorer than that of the pure-tone or
speech reception threshold. Among al the speech identification measures, the highest
correlation was obtained for speechidentification scores with a signal-to-noise ratio of
+20 dB (r=0.51). Only speech identification scores with a signal-to-noise ratio of 0
dB showed insignificant correlation with self-perceived handicap scores.
Audi ol ogi cal measures of the better ear showed higher correlation with self-perceived

handi cap scores as compared to that of the contralateral ear.
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Table11

Corrdatiorl codffident () between sHf-perceived handicap and the audiological

measures

Total score Factor 1 Factor 2 Factor 3
score score score

PTA Better ear 0.75 0.70 0.66 0.60
Poorer ear 0.55 0.54 0.42 0.42

SRT Better ear 0.70 0.65 0.64 0.54
Poorer ear 033 0.32 0.27 0.20

SI-Q Better ear -0.51 -0.4 -0.51 -0.39
Poorer ear -0.46 -0.42 -0.37 -0.35

SI-20 | Better ex -0.51 -0.44 -0.51 -0.43
Poorer ear -0.42 -0.36 -0.35 -0.43

SI-10 Better ear -0.43 -0.43 -0.40 -0.33
Poorer ear -0.38 -0.39 -0.33 -0.28

SI-0 Better ear -0.21 -0.19 -0.15 -0.23
Poorer ear -0.22 -0.26 -0.14 -0.16

Not e:
PTA = pure-lone average of 500 Hz, 1000 Hz and 2000 Hz
SRT = speech reception threshol d
SI-Q=speech identification scores in quiet
SI-20 = speech identification scores in noisewth asignal-to-noise ratio of 20
SI-10 = speech identification scores in noisewth asignal-to-noise ratio of 10

SI-0 = speech identification scores in noisewth asignal-to-noise ratio of 0
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Further analysis carried out to study the relationship between handicap scores
and pure-tone thresholds from 250 Hz to 8000 Hz at octave intervals showed
correlation coefficient significant at 0.01 level for al thetest frequencies. Aglance at
Table 12 indicates that the correlation coefficient ranged from0.52 to 0.72 for the
pure-tone threshol ds across the frequency range of the better ear and from0.28 to 0.51
for contralateral ear. It wasobservedthat for thebetter ear, correlation coefficients at
500 Hz, 1000 Hz and 2000 Hz was 0.70, 0.72 and 0.68 respectively as against 0.65,
0.60 and 0.52 for 250 Hz, 4000 Hz and 8000 Hz respectively . Simlarly, correlation
coefficients for the poorer ear was 0.47, 0.48 and 0.51 at 500 Hz. | OOOHz and 2000
Hz as opposed to 0.42, 0,28 and 0.39 for 250 Hz, 4000 Hz and 8000 Hz respectively.
I'n other words, the correlation coefficients of 500 Hz, 1000 Hz and 2000 Hz was

hi gher than that of the other frequenciesin both theears.

Table 12

Corrdation codffidat (1) between sdf-pacaved handicap and pure-tone thresholds

a differat frequencies

Frequency in Hz Better ear Poorer ear
250 Hz 0.65 0.42
500Hz 0.70 0.47
1000H z 0.72 0.48
2000 Hz 0.68 0.51
4000 Hz 0.60 0.28
8000 Hz 0.52 0.39




Degree of hearing loss and sel f-perceived handi cap: The effects of hearing | oss was
further exam ned by computing mean val ues for the handi cap scores as a function of
the degree of hearing loss. The subjects were classified into the followng live
categories (Goodman, 1965) basedonthe pure-tone average of the better ear:

1. Normal hearing (PTA: <25 dBHL)

2. M1dhearingloss (PTA: 26 dBHLto 40 dB HL)

3. Moderate hearing loss (PTA: 41 dBHLto 55 dBHL)

4. Moderately severe hearing loss (PTA: 56 dBHLto 70 dB HL)

5. Severe hearing loss (PTA: 71 dBHLto 90 dB HL)

As seen in Table 13 and Figure 3, mean handicap scores increased
concomtantly with the degree of hearing loss. Variability was large irrespective of
the magni tude of hearing loss. One way Anal ysis of Variance ( ANOVA) showed that
the main effect of degree of hearing loss was significant at 0.01 level (F ratio of
75.36). Duncan's post-hoc test indicated that there was no significant difference
bet ween scores obtained for subjects with mld hearing loss and those with moderate
hearing | oss whereas the scores obtained for other groups differed significantly from

each ot her.
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Table 13

Sdf-percaived handicap score |(tota

score) as afunction of the hearing levd

PTA N Sdf-perceived handicap score
Mean S.D. Range
<25dBHL 0 2.23 19 0-7
26-40dBHL | 17 32.71 15.14 4-52
41-55dBHL | 2 42.47 19.26 5-70
56-70dBHL 67.47 15.37 43-90
71-90dBHL » 82.29 13.40 58-95
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Bi naural percentage of hearing loss and self perceived handicap: To study the
relation between self-perceived handicap scores and hinaural percentage of hearing
loss ( AAOO, 1959), Pearson product-moment correlation was calculated for the data
obtained fromthe subjects of group Il and Ill. Correlation coefficient (r) was 0.74
indicating a significant correlation (at 0.01 level) between the two measures. This

correlation coefficient was comparable to that obtained for pure-tone average of the

better ear.

Correlation of audiological measures with different factors

A comparison of correlation coefficients obtained for different factors (Table
11) indicated that audiological measures correlated maximally wth speech
understanding (factor 1). Lowest correlation coefficient was obtained for the

emot i onal subscal e (factor3).

Non-audi ol ogi cal correlates of self-perceived hearing handicap

The effect of non-audiol ogical variables of age and gender, on the perceived

handi cap scores i n subjects with same degree of hearing loss was studi ed.

Gender: The mean handicap score of males and females with the same degree of
hearinglossis showninTable 14 and Figured4. It isevident fromTable 14 that there
was not much difference in the self-perceived handi cap scores of males and females
when the degree of hearing loss was controlled. Among subjects with mld hearing

loss, females reported greater handicap than males. One way analysis of variance
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( ANOVA) indicated that the main effect of gender on the self-perceived scores was

not significant (Fratio= 1.63).

Table 14

Gender differences in sdf-percaved handicap score

Hearing levd Gender N | Mean | Handicap scores
PTA Mean S.D.
Normal M 15 | 1467 2.47 2.26
hearing F 15 | 1344 3.78 5.12
Mildloss M 9 | 3224 | 26.13 13.04
F 8 | 3299 | 41.50 14.20
Moderateloss M 1| 4894 | 4217 18.34
F 9 | 47.32 | 43.20 28.63
Moderately M 11 6031 | 67.80 17.25
sverelos F 14 60.76 | 67.18 14.30
Severeloss M 6 | 7481 82.67 14.64
F 6 | 75.00 | 80.00 13.45
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Age: Analysis of variance (ANOVA) indicated that the main effect of age on self-
reported handi cap scores was not significant (Fratio=1.34). To exam ne the handicap

scores of adult and geriatric subjects more closely, total handicap scores were

comput ed as a function of pure-tone average of the better ear.

and Figure 5 indicates that there was a difference in the handicap perceived by adul t

and geriatric subjects only among those with moderat e hearing | oss.

Table 15

Self-perceived handicap scores of adult and Geridric subjectsasa function <Df hearing

A perusal of Table 15

loss

Hearing |Agegroup | N Mean Handicap scores
loss PTA Mean S.D.

Mild Adult 6 33.73 32.25 18.37

Geriatric n 32.02 32.90 14.89

Moderate Adult 10 49.52 32.00 22.96

Geriatric n 48.03 46.83 16.66

Moderately Adult 13 59.42 64.78 16.57
severe Geriatric 12 61.39 69.50 14.81
Severe Adult 6 78.15 87.50 10.61
Geriatric 6 73.51 80.20 1491
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Effects of interaction among age, gender and degree of hearing |oss

Results of ANOVA (Table 16) reveal ed that only degree of hearing toss had
an effect of self-perceived handicap. Two-way ANOVA showed that there was no
interaction between effects of age and gender, age and degree of hearing toss and
gender and degree of hearing loss. Three-way ANOVA also showed no interaction

effects among these vari abl es.

Table 16

F rdio and the corresponding levd of sgnificance for different varidbles

Variables F raio Leve of

donificance

Gender 163 0.20

Age 1.34 0.24

Hearing loss 75.35 0.00

Gender x age 0.91 0.34

Gender x hearing loss 115 0.34

Age X hearing loss 2.27 0.07

Gender x Age x Hearing loss 0.011 0.99
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Predictors of self-perceived handicap

Stepwise nultiple regression analyses was performed in two stages to
determ ne the contribution of selected audiol ogical and non-audiol ogical variables to

the variance i n hearing handi cap, measured by the questionnaire.

Stage |: The independent variables studied in the first stage were age, gender, pure-
tone average, speech reception threshold, speech identification scores in quiet and
with S/Nratio of +20, +10 and 0 dB. Audiol ogi cal measures of bhoth the ears were
included. Results of multipleregression analyses carried out separately for data from
Groupll, Grouplll andthe combined data (Groupl, Il andHl) are presented in Tables
17, 18 and 19. Eachtable has two parts. Part'a' summarises the model obtained for
the group. It includes the i ndependent variable that entered the regression equation
and its adjusted R square val ue that indicates the percentage of variance explained by
that variable. Part '"b' provides information regarding weighting (beta) of each

i ndependent variable(s) alongwithits significance |evel.
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Table17

Results of stepwise multiple regresson anadyses to predict handle:ap scores for the

combined group

a) Modd summary

Modd R R Square Adjusted R Square Standard Error of
Estimate
1 0.92 0.85 0.85 12.01
2 0.93 0.86 0.86 11.62
Note:

Predictor in model 1: pure-tone average of the better ear

Predictors in model 2: @) pure-tone average of the better ear
b) speech identification scores of the better ear with
a dgnd-to-noise raio of +20 dB

b) Cosfficients of the variables in model 2

Variables Unstandardised Standardised Significance
Coefficients Coefficients Leve
B Std. Error
Constant 8.16 9.01 0.37
Predictor a 1.12 0.09 0.79 0.00
Predictor b -0.20 0.78 -0.17 0.01
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Table 18

Rea llts of |stepwise multiple regresson analysesto tpredid handi cap scoresfar

Group 111

a) Model summary

Model R R Square Adjusted R Standard Error of Estimate
Square

1 0.82 0.68 0.67 13.46

Note:

Predictor in the model: pure-tone average of the better ear

b) Codficents of the varidbles in the model

Variables Unstandardised Standardised Sgnificance Level
Codffidents Codffidents
B Std. Error
Constant -6.22 7.34 0.40
Predictor 121 0.14 0.82 0.00
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Table 19

Resaults of gepwise multiple regresson anaysesto predict handi cap scoresfor

Group Il

a) Model summary

M odel R R Square Adjusted R Standard Error Of
Square Estimate
1 0.82 0.67 0.64 16.34
Note:

Predictor in the model : pure-tone average of the better ear

b) Cosfficients of the variadles in the model

Vaiables Unstandardised Standardised Sgnificance
Coefficients Coefficents Level
B Std. Error
Constant -22.71 7.34 0.13
Predictor 138 0.26 0.82 0.00
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It can be seen fromTable 17 that for the combi ned group, the variables that
entered the regression equation was pure-tone average of the better ear and speech
identification scores of the better ear with a signal-to-noise ratio of +20 dB. Pure-tone
average of the better ear explained 85 %of the variance in the handi cap score. Speech
identification with a signal-to-noise ratio of +20 dB accounted only for an additional
1% variance. W th the addition of the second variable, standard error of estimate

decreased from12.01 %to 11.62%

Tables18 and 19 show that for the hearing inpaired group, only pure-tone
average of the better ear entered the regression equation. The model explained 67 %
of the total variance in the handicap score for adult subjects and 6 8 %of the variance
in geriatric subjects. As compared to the combined group, speech identification

measur e did not enter the regression equation for the hearing inpaired group.

Stage Il: Inthe second stage of analysis, pure-tone thresholds of the better and the
contralateral ear were used as explanatory, that is, as independent variables. Simlar
tothefirst stage, analysis was carried out separately for datafromGroup Il, Group Il
and thecombined group (Group!, I'l andIll). As showninTable20, for thecombi ned
group, pure-tone thresholds of the better ear at 500 Hz, 1000 Hz and 4000 Hz entered
the regression equation. Pure-tone threshold of the better ear at 1000 Hz accounted
for 81 %of the variance. Pure-tone threshold of the better ear at 1000 and 4000 Hz
together explained 83 % of the variance. An increase of an additional 1% was
observed when pure-tone threshold of the better ear at 500 Hz was added to the
model . Adecrease in the standard error of measurement was seen with an increase in

the number of variables in the equation.
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Analysis of the data from the hearing inpaired subjects did not show
consistent results. That is, for Group |E, the predictors were pure-tone thresholds of
the better ear at 250 Hz, 1000 Hz and the threshol d of the poorer ear at 4000 Hz. but
for Group I, pure-tone threshol ds of the better ear at 1000 Hz, 4000 Hz and that of the
poorer ear at 8000 Hz were inportant for predicting the handicap scores. These
results are presented in Tables2l and 22. The final model explained 68% of the

variancein geriatric subjects and 75 %of the variance in the adult subjects.
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Table 20

Results of stepwise multiple regresson anayses to predict handicap scores based on

pure-tone thresholds (for the combined group)

a) Modd summary

Model R R Square Adjusted R Standard Error Of
Square Estimate
1 0.90 0.81 0.81 13.63
2 0.91 0.83 0.83 12.88
3 0.92 0.84 0.84 12.57
Note:

Predictor in model 1: Better ear threshold at 1000 Hz

Predictorsin model 2: a) Better ear threshold at 1000 Hz
b) Better ear threshold at 4000 Hz

Predictorsin model 3: a) Better ear threshold at 1000 Hz

b) Better ear threshold at 4000 Hz
C) Better ear threshold at 500 Hz

b) Coefficdents of the variables in model 3

Variables Unstandardised Standardised Significance Level
Coefficents Coeffidents
B Std. Error
Constant - 15.26 2.70 0.00
Predictor a 0.59 0.19 041 0.02
Predictor b -0.28 0.11 -0.25 0.01
Predictor c 0.42 0.18 0.29 0.21
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Table21

Results of stepwise multiple regresson andyses to predict handicap scores based on
pure-tone thresholds (for Group IlI)

a) Model summary

Model R R Square Adjusted R Standard Error Of
Square Estimate
1 0.77 0.60 0.58 15.39
2 0.81 0.66 0.64 14.28
3 0.84 0.71 0.69 13.30
Note:

Predictor in M odel 1: Better ear threshold at 1000 Hz

Predictors in Model 2: &) Better ear threshold a 1000 H z
b) Better ear threshold at 250 Hz

Predictors in Model 3: @) Better ear threshold a 1000 H z
b) Better ear threshold at 250 Hz
C) Better ear threshold at 4000 Hz

b) Coefficients of the variablesin model 3

Variables Unstandardised Standardised Sgnificance Level
Coeffidents Coeffidents
B Std. Error
Constant 15.36 11.80 0.20
Predictor a 0.74 0.21 0.49 0.00
Predictor b 0.70 0.22 0.46 0.00
Predictor c -0.39 0.15 -0.24 0.01




Tabl e 22

Resul ts of stepwi se multiple regression anal yses to predict handi cap scores based on

pure-tone threshol ds (for Group 1)

a) Model summary

Model R R Square Adjusted R Standard Error Of
Square Estimte
1 0.78 0.61 0.59 16. 97
2 0.86 0.73 0.70 14.48
3 0 89 0.79 0.75 132
Not e:

Predictor(s) inmodel 1. Better ear thresholdat 1000 H

Predictors inmdel 2. a) Better ear thresholdat 1000 H
b) Poorer ear threshol d at 8000 Hz

Predictors inmdel 3: a) Better ear threshol d at 1000 H
b) Poorer ear threshol d at 8000 Hz
C) Better ear threshold at 4000 H

b) Coefficients of the variablesinmdel 3

Vari abl es Unst andar di sed St andar di sed Signi ficance Level
Coefficients Qoefficients
B Sd. Eror
Const ant -2432 11. 06 0.04
Predictor a 1.49 0.29 0.84 000
Predictor b 0.56 0.15 0.70 0.00
Predictor ¢ - (.68 032 -0.53 0.05
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Prediction of hearing loss fromself-perceived handi cap

To facilitate the use of the questionnaire for purposes of hearing screening, a
regression equation was obtained to predict hearing loss from the self-perceived
handi cap. Since pure-tone average of the better ear showed the highest correlation
wi ththe self-perceived handi cap scores, it was used as the predictor variable and self-

perceived handi cap score served as the criterion variable. The equation obtained was:

Better ear PTA= 15,68 +(0.64 x Total handicap score)

The adjusted R-square val ue was 0.83 and the standard error of measurement
was 8.93. Residual analysis showed that the residuals (difference between actual Y

and predicted Y) ranged from-17.57 to +22.72. The predictive error varied from0. 93

to2. 02

The results of the present study in the context of prior studies on self-

perceived handi cap reportedin the literature are discussedin thefol |l ow ng chapter.
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CHAPTER V

DI SCUSSI ON

In the present study, a questionnaire for self-assessnent of hearing |oss
appropriate for the hearinginpairedintheIndiancontext was devel oped. Correlation
of self-perceived handicap with audiological and non-audiol ogical variables was

i nvest i gat ed.

FACTORI AL STRUCTURE OF THE QUESTI ONNAI RE

Results of principal component analysis yielded a six-factor solution. But a
scree plot (Gattell, 1966 citedin Dunteman, 1994) showed a straight line after factor
three. Therefore, the questionnaire was dividedintothree major sub-scal es that were
| abel ed as ' speech understanding', 'awareness' and 'emotional' subscalc. The high
correlation bet ween scores obtained for each scale with the total score suggest ed that
al the three measures contributed to the self-perceived handicap. A review of the
literature showed that except for Communi cation Profile for the Hearing-Inpaired by
Demor est and Er dman (1986, 1987), the number of subscal es i n an inventory ranged
fromonetosix. Schow(1988) (citedin Schowand Nerbonne, 1989) summari zedthe
various kinds of handicap information assessed in various inventories as detailed

bel ow:

1. Speech communication: general speech; estimates of communication ability in
various settings: home, work, social, one-on-one, smal | and|arge groups.
2. Speech communi cation: special; while listening to TV, a telephone; with and

wi t hout visual cues; andwhileinadverselisteningsituations.
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3. Emotional reactions/feelings, behaviors and attitudes about hearing inmpairment
and hearing aids including responseto auditory failure, acceptance of |oss.

4. Reactions and behaviors of others with referenceto the hearing |oss.

5. Non speech communi cations; door and phone bel |, warning traffic, localization.

6. Other related symptoms; fluctuating hearingloss, reactions to tinnitus and |inited

tolerance to | oud sounds.

The questionnaire devel oped in the present study included questions that
assessed a| these aspects except 'other related symptons'. The subscale on speech
understanding dealt with speech communi cation - both general and special. The one
on awar eness consisted of questions that elicited information regarding non-speech
communi cation. The emotional sub-scale assessed both emotional reaction of the
hearing inpaired and behavior of others towards himher. The questionnaire did not
include questions that assessed communication difficulty at work place due to the
fol | ow ng reasons:

a) acommon questionnaire was required to compare the self-perceived handicap in
adult and geriatric subjects but many of the geriatric subjects were leading a
retiredlife.

b) theadult groupincludedwomen, 60%of who were not empl oyees.

¢) Subjects who were employed came from such varied occupational group as
farmng, business, and office goers in different grade. As such the work

environment varied and it may be expected that the handi capping effects varied.
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| TEM ANALYSI S

Item analysis of the scale indicated a Chronbach's alpha of 0.97. which
suggested that the scal e had a high internal consistency. Ventry and Weinstien (1982)
reported that Chronbach's al phais superior to test-retest reliability whereas Allen and
Yen (1979) (cited in Demorest and De Haven, 1993) reported that though
Chronbach's al phais not atrue measure of reliability, it represents the | ower boundary

of reliability. In either case, this questionnaire can be considered as a reliable

measure for self-assessment of hearing handi cap.

In the present study, face-to-face interview technique was used since about
two-thirds of the hearing inpaired subjects included in the study were either illiterate
or had less than higher secondary education. During interview, further explanation
was required for some of the questions. For example, actual distance of six to eight
feet or twelve feet hadto be demonstrated for the subjects to understand the situation.
Besi des, some of the subjects answeredjust 'yes' or 'no' to indicate whether they had
difficulty in hearing or not. Further probing became necessary to get an answer on a
three-point scale. Therefore the results of the present study are valid only when the

assessment of self-perceived handicap is carried out employing the face-to-face

interview technique.

I'tem analysis indicated that a majority of the hearing-inpaired individuals
reported difficulty in watching television froma distance of six feet in the presence of
noi se, understanding speech in the presence of noise and in group conversation. In an

investigation by Newman et a. (1997) also more than 50 %of the subjects with mld



or unilateral hearingloss reported difficulty inlisteningin the presence of background
noi se and when using atelevision or aradio. It is well documented in literature that
hearing inpaired individuals experience greater difficulty understanding speech in
noi sy environments as compared to normal hearing subjects (Hull, 1995). Results of
the study carried out on geriatric subjects have reveal ed that their performance is poor
on tasks requiring speech recognition in the presence of noise (Smth and Prather,
1971; Jokinen, 1973; Kalikow, Stevens and Eiott, 1977; Dubno, Dirks and Morgan.
1984). The working Group on Speech Understanding and Aging (1988). however,
has stated that in al these studies, researchers disagree about whether ol der adults
have more difficulty with speech understanding in noise than do younger adults with
compar abl e hearing losses. The results of the present study indicated that both adults
and geriatrics reported of difficulty in understanding speech in the presence of noise.
The mean score for the geriatric group was slightly higher than that for the adults but

the difference was not statistically significant.

Difficulty inunderstanding speech fromadistance of tento twelve feet was an
expected finding as the intensity of the signal at the listener's ear reduces with an
increase in the distance fromthe source. Approximate intensity of a normal voice
froma distance of tento twelve feet is 50 dB SPL (Sanders, 1993). W ber (1991)
reported that intensity of a whisper at a distance of three feet varied from20 dB SPL
to 65 dB SPL depending on the talker. It can be interpolated fromthis that the
intensity of a whisper froma distance of six inches i s approximtely 30 dB SPLto 35
dB SPL.  Therefore, even subjects with mld hearing loss have difficulty in

understandi ng speech in such situations. Garestecki (1987) observed that the greatest



probl emthat appears to be |inked with emerging hearing handicap was understanding

whi spered speech.

Results of the item analysis revealed that even subjects with a mld hearing
loss obtained a high score on items eliciting information about the above aspects.

This indicated that it is possible tojudge the presence of hearing loss based on self-

report of the hearing-inpaired.

Amgjority of the hearing-inpaired (62%) reported that they understood better
when the talker spoke slowiy. The mean value for this itemwas higher for Group Il
(geriatric subjects) as comparedto that of Group Il (adult subjects) andthe difference
was significant at 0.05 level. This is probably related to the central auditory
processing problems of the geriatrics. A general slowing down is a hallmark of the
aging process. It has beenreportedin literature that some elderly individuals ascribe
their speech perception problems to young talkers who speak rapidly (Helfer, 1991).
Results of many studies have suggested that aging causes greater distortion of
auditory signals than that expected fromthe presence of a hearing loss (Marshall,
1981). The elderly demonstrated a decreased performance on tasks empl oying fast
speech (Cal earo and Lazoroni, 1957). The findings of the present study showed that
the auditory system of the elderly is easily overloaded, but when tenporal
requirements have been reduced, their comprehension i mproves. Also, self-report of
an individual does give some information regarding central auditory processing of
acoustic signals. However these results are in contrast to experimental findings that
expansion of speech does not inmprove perception by ol der adults (Korabic, Freeman

and Church, 1978). This discrepancy supports the explanation of Heifer (1991) that



el ectronic expansion used in experimental studies probably causes a distortion of the

signal that offsets any benefit fromslow ngdown therate.

SHORT FORMOF THE SCALE

As there was a high inter-item correlation, a shorter version of the
questionnaire with ten questions was constructed. This shorter version had a
Cronbach's alpha of 0.89, indicating that it was also a reliable measure of self-
perceived handicap. A correlation coefficient of 0.96 between total scores on the
short version and the | ong version for the combi ned group and the hearing inpaired

group suggested that the shorter version coul d be used for screening.

CORRELATES OF SELF- PERCEI VED HANDI CAP

AUDI OLOGI C MEASURES AND HEARI NG HANDI CAP

One issue that has received considerable attention in the [iterature on self-
assessment inventories is the relationship between self-reported communication
problems and audiol ogical measures. Although one's ability to communicate is not
solely afunction of the degree or configuration of one's hearing loss, it is reasonable
to expect that some relationship exist between the two. Hearing is one of the
i mportant senses and naturally any marked interferenceinits functioningwll produce
difficulties incommunicationandinadjustingtotheenvironment. Almost invariably,
a hearing impairment produces some communication difficulties, which are

proportional to the severity of the hearing i mpai rment ( Newby and Popel ka, 1992).



This relationship was reflected in the present study. The results of the present study
showed a significant relationship between the self-perccived handicap and the
audi ol ogi cal measures, i.e, the questionnaire proves to be a valuable instrument for
evaluating some of the situational difficulties faced by the hearing-inpaired
individuals. Simlar results were presented earlier on other popul ation using various
other scales (Berkowitz and Hochherg, 1971; High et a., 1964; McCartney et a.,
1976; Schowand Tannhill, 1977; Speaks et a., 1970; Wenstien and Ventry. 1983a;

Nobl e, 1978; Rosen, 1978; CorenandHakstain, 1992; Barrenas and Hol gers, 2000).

Pure-tone sensitivity and sel f-perceived handicap

Hearing loss has been conventional Iy diagnosed and classified based on pure-
tone thresholds. Though it is not possible to draw firm boundaries between two
adj acent categories of hearing loss, speech understanding of a hearing-inpaired
individual is predicted based on the pure-tone average (Goodman, 1965). The
psychol ogi cal inpact of a hearing loss can also be predicted fromthe magnitude of
hearing loss (Eagles, Hardy and Catlin, 1968 as cited in CGoetzinger, 1978). A
hearing handicap refers to the disadvantage i mposed by a hearing impairment on a
person's performance in activities of daily living (Newby and Popelka, 1992).

Therefore, some relationship is expected between hearing handicap and pure-tone

sensitivity.

A significant correlation observed in the present study, between pure-tone
sensitivity and self-perceived handicap indicates that the magnitude of hearing |oss

and the magnitude of hearing handicap are related to each other. The correlation



coefficients obtained for pure-tone sensitivity in this study are conparable with that
reported in earlier literature (Berkowitz and Hochberg, 1971; High et a.. 1964,
McCartneyet al., 1976; Schowand Tannhill, 1977; Speaks et a., 1970; Wenstien and
Ventry, 1983a; Noble, 1978; Rosen, 1978; Coren and Hakstain, 1992; Barrenas and
Hol gers, 2000). These results confirmthat the sensitivity loss is an integral part of
sel f-perceived handi cap, irrespective of age and gender of the subject, the population
studied and the sel f-assessment inventory used. However, pure-tone sensitivity
coul d not explain conpletely the variability in the self-perceived handicap. This is
consistent with what has been reported in the literature. Hearing handicap is a

compl ex phenomenon which must, by definition, involve a lot more than pure-tone

sensitivity (Noble, 1978).

Speech identification measures and self-perceived handi cap

Speech tests are used to assess the receptive communication ability of an
individual. Weinstein, (1994) stated that speech tests vyield objective, easily
quantifiable information about a) acoustic confusions deriving fromhearing loss, b)
recognition ability in selected listening situations and c) the ability to recognise
selected material. Theortically, this information provides the clinician with
information about functioning of a hearing-inpaired individual in everyday listening
situations. Therefore, investigators have attenpted to explain the variability in the
handi cap scores through speech identification measures. However, a weak
relationship between speech identification scores measured at 40 dB SL (re:speech
reception threshol d) and hearing handicap score has been a recurring finding reported

intheliterature (Berkowitz and Hochberg, 1971; Blunfieldet a., 1969; McCartney et
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al., 1976; Weinstein and Ventry 1983a; Newman et al., 1990:. Speaks et al., 1970).
These observations were made for a number of different scales and varying
popul ati on.

The correlation coefficients reported in the literature for pure-tone threshol ds
were higher than that for speech identification measures. The highest correlation
bet ween sel f-perceived handi cap scores and sensitivity measures reported in literature
is 0.81 (Coren and Hakstain, 1992) and that for monosyllabic speech identification
scores is - 0.62 (Weinstein and Ventry, 1983a). Tannhill (1979) reported that a
combined measure of sensitivity and speech identification yielded a higher a
correlation of - 0.73 with self-perceived handi cap. Results of the present study were
no different fromthe earlier reports. Although statistically significant, self-percieved

handicap showed weaker relationship with speech identification measures than with

pure-tone sensitivity.

The weak correlation between speech identification measures and self-
perceived handicap scores, a consistent finding across studies, settings and self-
assessment scales, suggests that speech understanding tests are not representative of
experience in everyday [listening conditions (Working Group on Speech
Understanding and Aging, 1988; Wenstein and Ventry, 1983; Berkowitz and

Hochberg, 1971; MCartney, Maurer and Sorenson, 1976). In the present study,

speech identification testing was carried out at 40 dB SL (ref: Speech reception
threshol d) or at most confortable level. It ispossiblethat the suprathreshold testing
has compensated for the loss in sensitivity. Probably correlation woul d have heen

stronger if the testing was carried out at normal conversational level i.e at 45 dB HL

instead of 40 dB SL.
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Among al the speech identification measures studied, the highest correlation
was found between self-perceived hearing handicap and speech identification scores
obtained in the presence of noise with a signal-to-noise ratio of +20 dB. but the
correlation coefficient was | ower than that for pure-tones. These findings refute the
argument that the inclusion of a competing signal is the most critical variable in
creating a test environment reflective of daily listening situations (Seattle and
Edgerton, 1976; Gerber and Fisher, 1979; Jerger and Hayes, 1976; Orchick and Over,
1972). Though, speech identification in the presence of noise reflects the handicap
experienced by an individual better than speech identification measures in quiet, it
does not explain conpletely the variations in the handicap scores. Alsoit does not
explain the variation better than that explained by hearing sensitivity.  This is in
consonance with the results reported in the literature (Tyler and Smith, 1983;

Mat hews et al, 1990; Barrenas andHol gers, 2000)

Degree of hearing loss and sel f-perceived handi cap

The mean handicap scores in the present study increased concomtantly with
the degree of hearing loss. The large variability seen indicated that the degree of
hearing loss is not the only factor determining the self-perceived handicap. All the
subjects except two with mld hearing loss reported of handicap. Simlar
observations were made by Brainerd and Frankel (1985) who reported that subjects

with mnimal loss of 17 dB HL al so considered themsel ves as handi capped.

Results of one-way ANOVA indicated that the main effect of degree of

hearing loss was significant at 0.01 level. However, Duncan's post-hoc test showed
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that there was no significant difference between scores obtained for subjects withmld
hearing loss and for those with moderate hearing |oss whereas the scores obtained for
the other groups differed significantly fromeach other. These results indicate that the
degree of loss has a greater effect on the self-perceived handi cap when the hearing
loss is morethan 55 dBHL. This supports the hypothesis of Pekney and Hood (1968)
(cited in Berkowitz and Hochberg, 1971) that for subjects with a mild degree of

hearing loss, degree of impairment is not related to subjective determnation of

hearing handi cap.

Sel f-perceived handi cap and binaural percentage of hearing handi cap

In the present study, scores obtained on the self-perceived handicap scale
showed hi gher correlationwth the audiol ogi cal measures of the better ear than that of
the poorer ear. Calculation of binaural percentage using an arithnetic formula
( AAOO, 1959) did not improve the correlation coefficients. Earlier, Brainerd and
Frankel (1985) observed that perceived handi cap showed better relationship with the
pure-tone average of the better ear than with handicap calculated through different
formulae. Lutman, Brown and Coles (1987) reported that everyday speech and
speech-in-quiet components were more reliably predicted by the better ear threshol ds.
Correlation coefficient didnot i mprove when the binaural or worse ear measures from
the audi ogramwer e taken. They further stated that the exact wei ghting of better ear
or worse ear in the binaural measure did not influence the degree of correlation
substantially. These data suggest that for an average hearing-inpaired individual, the

use of a complex formulato calculate the percentage of hearing loss i s unwarranted.
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However, further investigations on subjects with asymmetric or unilateral hearing |oss

arerequiredto substantiate these results.

Thus, the results of the present study reinforce the consensus in the existing
literature that at best, half the variance in handicap scales can he explained by
audi ometric scores, regardl ess of the scal e used and/ or the subject popul ation, i.e. the
sel f-perceived handicap depends not only on the organic impairment, but, also on
other factors.  Audiological measures do not investigate al the aspects of
communi cationprocess. They describe the conditions contributingto the cause of the
communi cative problems, rather than describing the actual communicative problems
experienced (Golas, 1983). For exanple, if the distance between the speaker and the
hearing inmpairedis increased, |oudness perceivedis reduced. It is possible that one
hearing inpaired individual has conpensatory strategies to understand speech

wher eas anot her individual does not use any compensatory strategies.

It can be inferred fromthese results that even though the acoustic cues used
for speech perceptionis not samein dl the I anguages (Wllianms, 1976,1977; Fledge
and Eefting, 1986), the relationship between hearing handicap and pure-tone
sensitivity among different linguistic group is comparable. Also, communication
efficiency of a language does not affect the self-perceived handicap. Though, the
| anguage of the questionnaire and the | anguage used for interview, Kannada, is more
redundant than English (Ramakrishna et a., 1962), correlation between hearing
handi cap scores and audiol ogic measures among Kannada speakers obtained in the
present study is comparable to that reported in the western literature (Berkowtz and

Hochberg, 1971; High et al., 1964; McCartney et a., 1976; Schow and Tannhill,



1977; Speaks et a., 1970; Wenstien and Ventry, 1983a; Noble, 1978: Rosen. 1978

CorenandHakstain, 1992; Barrenas and Hol gers, 2000).

Correlation of audiological measures with subscal es of the questionnaire

Though there was a difference in the magnitude, asignificant correlation with
audi ol ogi cal measures was observed for adl the three subscal es. Speech understanding
and awareness sub-scales showing a high correlation were as expected. A high
correlation between enotional subscale and audiological measures suggests that
hearing impairment has an effect on the enotional state of the individual. Simlar
findings were also reported by Weinstein and Ventry (1982), and Weinstein and
Ventry (1983 b). The significant correlation most probably derives fromthe inpact
of hearing loss on the three psychol ogical levels of hearing i.e the primtive, the
signal and the symbolic levels (Wenstein and Ventry, 1982). Ramsdell (1978)
asserted that these functions of audition are crucial for the maintenance of an
individual's wel | being and that obliteration of one or more of these hearing |evels

may giverisetofeeling of depression, insecurity and suspiciousness.

It has long been reported that hearing handicap creates a feeling of
embarrassment (Jackson, 1902 cited in Garestecki, 1987). It may also be expected
that famly members or friends become irritated with hearing-inpaired individuals
when they have difficulty in communication. This can lead to feelings of being
handi capped by hearing loss (G | home- Herbst, 1983) and eventual |y to |oneliness and
depression. The emotional sub-scale had questions referring to these questions and

hence showed significant correlation with audiologic measures. The individual often



reacts by withdrawing from situations which wll expose hearing loss related
problems (Wlde, 1982). Stephens (1980) observed that the hearing-inpaired
individuals were significantly more introverted and neurotic than the control group.
Hul | (1982) and Kaplan (1982) have reported that hearing loss may restrict a variety
of social activities to varying degrees. The results of the present study confirmed
these reports, as increased hearing handicap was associated with decreased social
functioning. Garestecki (1987) also observed that those individuals with m nimal
average hearing loss and those who failed the hearing screening in their study already
perceived some of the enotional problems. He further suggested that clinical

intervention must be started quite early for individuals who begin to experience

hearing | oss.

I'tem analysis revealed that there was no difference in the mean scores for
subjects with m|dandthose with mderate degree of hearing loss for afew questions
in the emtional sub-scale. The reaction of famly members towards the hearing
i mpaired was the same when the hearing loss was less than 55 dB HL. This supports
the report of Weinstein and Ventry (1983b) that for subjects who had better than

moder at e hearing i npairment, the degree of hearing loss was of secondary i nportance

for the experiences of the hearing i npairment.



NON- AUDI OLOGI CAL FACTORS AND SELF- PRECEI VED HANDI CAP

AGE

Age had no effect on the self-perceived handicap in the present study.
Previous investigations on the effect of age on self-perceived handicap in other
popul ation using different scales have shown equivocal results. Schow and Tannhill
(1977) reportedthat score obtained for the Hearing Handi cap Scale (Highet a.. 1964)
was not strongly related to age whereas it correlated with pure-tone average. A
conmparison of the scores on Hearing Handicap Scale (High et a., 1964) for the
studies of Highet a., (1964), Speaks et al. (1970), and Berkowitz and Hochberg
(1971) showed that the respective pure-tone averages for their subjects were simlar
(30.4, 34.0, 36.1dBHL) as werethe handi cap scores (44.4, 42.0 and 45, 3%, but the
average age span varied (49, 59 and 70 years). This observation also shows that
handi cap scores are related to pure-tone average but not age (Schow and Tannhill,
1977). Simlar results were alsoreported by Birk-Ni el sonand Ewertsen (1974), who
compar ed scores of sel f-eval uation of hearing handi cap of subjects in four age groups
(<50, 51-65, 66-75, >75years). They foundthat, al though younger subjects reported
of l'esser handi cap than the elderly, there was less than 5%difference among subjects
conprising al age groups. However, other investigators have observed that ol der
individual s reported |ess disability /handicap for a given |evel of hearing i mpairment
(Lutman, Brown and Coles, 1987; Gatehouse, 1990, Gordon-Salant, Lantz and
Fitzgibbons, 1994). Hallberg (1998) also found that age correlated significantly with
al the factors of hearing disabilities and handi cap scale. It is awell-established fact
that ol der individuals show poorer results on performance-based tests such as speech

identification scores. Hence, depressed scores of handicap have been attributed to



reduced expectations in ol der subjects in matters related to hearing (Lutman. Brown
and Coles, 1987). However, Saunders and Cienkowski (1996) did not find a
significant correlation between age of the hearing-inpaired and their responses to the
"Attitudes toward loss of hearing questionnaire". Information elicited from this
questionnaire included self-report on social and emotional inpact of hearing loss, |oss
of acceptance and adj ustment to hearing loss and awareness of hearing problem This
woul d imply that the differences between different age groups in the earlier studies
were mainly dueto communicationdifficulties reported by the subjects. It is possible
that this difference was observed due to different lifestyle of the subjects in the two

age groups.

GENDER

No significant gender difference in self-perceived handicap was observed in
the present study when the degree of hearing loss was controlled. Only female
subjects with amld degree of hearing loss reported a greater handi cap than males in
the same group. Significant gender effects have not beenreportedin literature. Habib
and Hinchcliffe (1978) also reported that the age and gender of the subject did not
influence the estimtion of the subjective magnitude of auditory handicap. Results of
an investigation by Gatehouse (1990) suggested that there were no gender differences
on the disability measure after the effects of hearing threshold and age had been
accounted for. However, their results indicated that influence of age, personality and
[ Qon disability/handicap were different in males and females. Lutman, Brown and
Coles (1987) observed that gender effects were limted to subjects with a sloping
configuration of hearing loss. They reported that the self-perceived handi cap was

greater in male than in female subjects. However, greater handicap perceived by
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mal es in their study coul d be partially explained by poorer high frequency threshol ds
inmenthanin women. Garestecki and Erler (1999) also reported that when socio-
demographi ¢ and hearing variables were controlled, group responses to the mgjority
of the scales of Communication Profile for the Hearing-inpaired (Demorest and

Erdman, 1986, 1987) didnot differ significantly between mal e and femal e subj ects.

Thus, it can be concluded from results of the present study that the
audi ol ogi cal measures, age and gender do not explain conpletely the variability in the
sel f-perceived handicap scores. Other variables such as physical, social and
psychol ogical factors may contribute to extent to which a hearing impairment wll

mani f est itself as a sel f-perceived hearing handi cap.

PREDI CTlI ON OF HEARI NG HANDI CAP

Anal ysis of the results showed that even though hearing threshold averages
could only explain a fairly limted proportion of the variance in self-perceived
handi cap, a multiple regression equation coul d explain a considerably higher amount
of variance and could allow reliable prediction of handicap. Stepwise nultiple
regression analysis indicated that hearing handicap coul d be best predicted through
pure-tone average of the better ear and speech identification scores in the presence of
noise with a signal-to-noise ratio of +20 dB. Pure-tone average of the better ear
accounted for 85%of the variance in the self-perceived handicap. An additional 1%
of the variance was explained by speech identification measures in the presence of
noise. Theseresults are consistent with the findings of Weinstein and Ventry (1983a)

that speech identification scores contributed little additional information about the



variability of scores for Hearing Measurement Scale (Nobl e and Artherly. 1970) over
and above that obtained with sensitivity measures. Contrary to these findings,
Marcus-Bernstein (1986) reported that intelligibility of words in noise at 50 dB HL in
a sound field was the best predictor of hearing handicap. However, in the present
study speech identification was measured only under earphones at 40 dB SL (re
speech reception threshol d) or at most confortable level. Probably higher correlation
woul d have been obtained if speech identification scores had been obtained under
sound-field condition at 45 dB HL as it relates more closely to natural situation.
Barrenas and Hol gers (2000) also contend that speech signal given at a constant |evel
corresponding to every day speech gives a more accurate picture of the perceived
hearing handi cap. Speaks et a., (1970) reported that measures of sensitivity served as
the best predictors of the amount of handicap when audiol ogical testing was carried
out under earphones. They further observed that when prediction of hearing handicap
incorporated more informtion than is provided by sinple sensitivity indices, the
magni tude of error increased. (Standard error of estimte was 8. 4% when predicted
frompure-tone average and 9. 2%when it was based on speech identification scores).
In the present study not much difference was observed in the standard error of
estimte. It was 12.01 when the prediction was based only on pure-tone sensitivity
and 11.62 when the prediction was based on a combined measure of pure-tone
sensitivity and speech identification measures. Inthe present study, the self-perceived

handi cap coul d be predicted using the formula

Handicap = 8.16 +(1.12 x PTA of the better ear)-020 x Speech identification
score in noise (signal-to-noise ratio of +20 dB)]
or

Handi cap =1. 13 x( PTA of the better ear - 14. 26)

133



Only pure-tone average of the better ear entered the regression equation when
data obtained from the hearing inpaired subjects were analysed separately. This
could be partially explained by the fact that speech identification scores in the
presence of noise was poor for al the hearing impaired subjects irrespective of the
degree of hearing loss. This is consistent with the results of item analysis, which
reveal ed that the mean score was more than 1.0 for a myjority of the questions that
elicited informtion regarding speech understanding in the presence of noise. These
results indicate that speech identification scores in the presence of noise is helpful in
differentiating individuals with hearing handicap fromthose with no hearing handicap

but it does not reflect the handicap experienced by subjects with varying degree of

hearing | 0ss.

Further analysis of the datawas carried out with individual thresholds of better
ear and poorer ear at different frequencies as the predictors. O al the pure-tone
threshol ds the one of the better ear at 1000 Hz was the best predictor of self-perceived
handi cap. This was fol | owed by threshol ds of the better ear at 500 and 4000 Hz. The
results obtained from analysis of data from only hearing impaired group were
inconsistent but showed that the poorer ear threshold also contributed in predicting
handi cap. Simlar observations were also made by Corthals et a. (1997). Correlation
between the averaged poorer ear sensitivity values and the disability ratings of their
subjects did not reach significance level and were not selected as suitable predictors in
themltipleregression analysis. However, when threshol ds at individual frequencies
were used for the analysis, threshold of both the better ear and the contralateral ear
entered the regression equation. These data suggested that apriori averaging of

threshol d val ues actual Iy hinder the predictive power of nultiplecorrelation. Thisisa



result of the properties of multiple regression as a procedure (Haggard el al.. 1986).
I'nspection of the highest val ues of the'beta' coefficients in the present study and data
by Corthals et a. (1997) revealed the relatively greater inmportance of thresholds at

frequencies above 1000 Hz as predictors of handicap.

PREDI CTI ON OF HEARI NG LOSS

The fact that the total mean and the individual item mean increased as a
function of the degree of hearing | oss suggested that this questionnaire can be used as
avalid measure for predicting hearing loss. The total scores on the handicap scale
ranged fromzero to seven for subjects with normal hearing. The mean total score for
subjects with mld hearing loss was 32.71 with a standard deviation of 15.14. As the
scores for the m|d group ranged fromfour tofifty-two, a score of ten was arhitrarily
chosen as a | owfence for hearing loss. It was observed that only three individuals
with hearing loss could be classified as normal hearing using this |ow fence.
Inspection of the total scores for the short version of the scale indicated that a | ow
fence of three coul d be used to differentiate hearing inpaired individuals fromnormal
hearing subjects with the same specificity and sensitivity as that of the I ong version.
Among the three hearing-inpaired individuals who woul d have passed the handicap
screening test, two subjects were found to have bilateral mld hearing loss and one
had moderat e hearing loss. Thus, it can be concluded that this questionnaire can be
used effectively in screening programs either by itself or in conjunction with pure-
tone screening. However, when only the questionnaire is usedfor screening, it may
fail to detect subjects with unilateral hearing loss as the handicap score showed a

hi gher correlation with better ear sensitivity when comparedto that of the poorer ear.
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Further, an attenpt was made to evaluate the efficiency of this scale in

predicting the degree of hearing loss. The follow ng equation was obtained through

regression anal ysis:

Better ear PTA = 15.68 +(0.64 x Total handicap score)

The standard error of estimte, which quantifies the scatter of the actual pure-
tone average around the predictions made fromthe regression, was 8.92. Figure 6
shows a comparison of the predicted pure-tone average with the actual pure-tone

average. It can be observed the pure-tone average predicted was within 20 dB HL of

the actual average.

Though it is possible to predict pure-tone thresholds based on the scores
obtainedfor the questionnaire, aswth other scales, caution must be exercisedin using
and making interpretations. It should be remembered that there are persons who may
not respond truthfully or objectively to a questionnaire. While some individuals get
| owscores inanattenpt tohidetheir problems, others may exaggerate their problem

The audi ol ogi st must be alert while evaluating such patients.

The results of the present study and a review of literature have demonstrated
that the degree of hearing impairment affects the self-perceived handicap but, thereis
nooneto one relationship between the two. Large standard deviations were observed
inthe present study for subjects with different degrees of hearing loss. These results
are not unusual comparedto other reported data on various popul ation using different
scales. In the present study, standard deviation ranged from 13.40 to 19.26 for the

hearing inpaired group. Earlier reported standard deviations for the other scal es
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Figure 6: Relation betwén predicted and actual PTA
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ranged from8.8%to 29. 4% (Schow and Tannhill, 1977; Berkowitz and Hochberg,
1971; McCartney et a., 1971; High et a., 1964, Winstein and Venlry, 1983b;
Brainerd and Frankell, 1985). Large standard deviations for the self-perceived
handi cap have been reportedin literature even when smaller, homogeneous groups are
used for the study (Schow and Tannhill, 1977). Weinstein and Venlry (1983a)
reported that the variability was more pronounced in individuals with mld hearing
loss who m ght experience mld to significant handicap. Apparently, grouping in
terms of pure-tone loss cannot be expected to produce tight clusters of self-perceived
handi cap scores. The variability may be dueto differences in personality, health and
lifestyle of the individuals. Demorest and Erdman (1986) opine that the
communi cation problems of the hearing inmpaired isjointly determned by the degree
of hearingloss, theenvironment andthe need for communication. |Fastrong demand
is placed on an individual for communication and if this is coupled with a noisy
environment, the impact of hearing loss will be magnified in comparison with
someone not subjectedto these environmental pressures. As suggested by Schow and
Tannhi |1 (1977), these findings are sinply indications of some independence of self-
perceived handi cap and audiol ogi cal measures. Therefore, although the scores serve
the screening purposes, they are not adequate to provide an overall evaluation of

hearing; but then, neither are ot her diagnostictools (SchowandTannhill, 1977).



CHAPTER VI

SUMMARY AND CONCLUSI ONS

Several tests are available to assess hearing inmpairment. Although hearing tests
can quantify measures such as loss in hearing sensitivity and difficulty in understanding
speech, they are not adequate for quantifying the effect of hearing impairment on a
person's everyday function (Ventry and Weinstein, 1982). The extent to which hearing
i mpai rment poses difficulty in day-to-day communication mght vary from person to
person and cannot be predicted fromthe audi ogramalone. Hence, to evaluate the real
wor | d difficulties, anumber of self-assessment tools have been devel oped. As the self-
perceived handicap is not conpletely independent of degree of hearing loss, these scal es

are also used as a quick and i nexpensive means of estimting hearing sensitivity

The purpose of the present study was to develop a questionnaire for self-
assessment of hearing loss for use with the hearing-inpairedin the Indian context andto
study the relationship of some of the audiol ogical and non-audiol ogical findings with the
sel f-perceived handi cap when the native | anguage of the subjects was other than English

The study was designed to answer the fol | owing questions

*

I's there a relationship between degree of hearing loss and self-perceived hearing

handi cap?

*

I's there arelationship between speech identification scores and self-perceived hearing

handi cap?
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>*

I's there arelationship between age of the subject and sel f-perceived handi cap?

* Isthereagender differencein the self-perceived handi cap?

I's there an interaction between age and gender, age and degree of hearing loss, gender
and degree of hearing |l oss and age, gender and degree of hearing | 0ss?

I'sit possibletopredict hearinglossfromself-perceivedhandicap scores.

A questionnaire was devel oped to assess the hearing handicap of individuals in
various situations such as famliar / unfamliar, noisy/ quiet, with/wthout visual clue.
The fifty items in the questionnaire were chosen based on the experience of the
professionals, literature in the field and the assessment of communication needs of

i ndi vi dual s.

Data was collected fromthirty adults with normal hearing (Group I), thirty-five
adults with hearing inmpairment (Group Il) and forty geriatric subjects with hearing
i mpai rment (Grouplll), atotal of one hundred and five subjects. Subjects in Group!l had
pure-tone threshol ds less than 25 dB HL from 250 Hz to 8000 Hz. The mean pure-tone
average of the better ear was 50.38 dB HL (standard deviation of 16.70 ) and 50.41 dB

HL (standard deviation of 15.83) for Group Il and Group Il respectively.

The following informtion was collected fromal the subjects:
* Air-conduction and bone-conduction thresholds for pure-tones from 250 Hz to 8000
Hz and 250 Hz to 4000 Hz respectively at octave intervals;

* Speech reception threshold was established using paired words in Kannada;

140



* Speech identification scores for hisyllables in Kannada in quiet and in the presence of
noise with a signal-to-noise ratio of +20 dB, +10 dB and 0 dB;
* Tympanogramand acoustic reflexes threshol ds;

* Self-perceived handi cap was assessed using the questionnaire devel oped for the study.

The data collected was analysed using Satistical Package for Social Sciences
(SPSS 7.5 Windows version) to answer the questions. The followng conclusion seem
warranted fromthe study:

1. Self-perceived handi cap scores correlate withthe degree of hearing |oss as assessed by
the pure-tone threshol ds and speech reception threshol d.

2. Self-perceived handi cap scores correlate with speech identification scores in quiet and
speech identification scores with signal-to-noise ratio of +20 dB and +10 dB but not
wi th speech identificationscores with signal-to-noise ratio 0 dB. Among the measures
of speech identification, speechidentification scores witha signal-to-noise ratio of +20

dB show highest correlationwith self-perceived handi cap scores.

w

. Age of the subject has no significant effect on the self-perceived handicap scores

4. Gender has no significant effect onthe self-perceived handi cap scores.

5. Thereisnointeractionbetween age, gender, degree of hearing I oss and self-perceived
handi cap scores. .

6. It is possibleto predict the degree of hearing loss based on self-perceived handicap

Scores,
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| MPLI CATI ONS OF THE STUDY

1)

The results of the present study have the fol [ owingclinical inplications:

The fact that none of the subjects with normal hearing had high scores for the scale
suggests that the scale can be used to identify individuals with hearing inmpairment.
Handi cap screening using a questionnaire can be the first step in hearing screeningin
outreach programs where facilities and manpower for carrying out audiological
evaluation are limted. It can be used as an adjunct to pure-tone screening to identify
potential candidates for rehabilitation services.

Information obtained by means of the questionnaire can substantiate an individual's
hearing complaints not readily apparent through conventional audiometric testing.
The information can be utilized while counseling the hearing inpaired individual and
hi s/her fam |y members.

The results of the study revealed that subjects with mld hearing loss also report of
hearing handi cap especial ly in the presence of noise. Theseresults indicate that it is
essential to test speech identification ability in the presence of noise while

determning the need for anplification for subjects with mldhearingloss.
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Suggestions for future research

1) Further research may be carried out to study the effect of other factors such as
personality, age of onset of hearing loss, socio-econom ¢ status, occupation and life
style of the individual onthe self-perceived handi cap scores.

2) Further research may be carried out to study the sensitivity and specificity of the scale
in screening for hearing inpairment when the scale is admnistered by a trained
anganawadi / heal thworker.

3) Research may be carried out to evaluate the efficacy of the questionnaire in
determning the need for anplification

4) Further research may be carried out to study the usefulness of this questionnaire in
assessing benefit derived fromanplification.

5) The questionnaire can be modified appropriately and used with afamly member of the
hearing impaired. Research may be carried out to compare the handicap perceived by

the hearing-inpaired subject and a significant other.
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English equivalent of the questionnaire
SELF-ASSESSMENT OF HEARING HANDICAP

Name: Date:

Cae No.: Age: Sex:M/F
Address:

Living aone / with family Employed / Retired

Occupation : Present / prior to retirement

The purpose of this scade is to identify the communication problems caused by
your hearing loss. It is possble that your communication problems vary in different
gtuations. Theaim of this scae isto assess your problem in different Stuations.
Therefore, please read the following questions and indicate whether you have problem
"most of the time (>75% of the time)',sometimes (25% - 75% of the time)' or
"seldom (<25% of the time)'. Indicate not gpplicable if you have not encountered a

particular Stuation.
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Question
|. Do you have difficulty in understanding speech in the
fol I owi ng situations?

a) Wil econversingwithafamly member seated next

toyou, if you cannot see his/her face.

b) while conversingwthafamliar male froma

distance of 6- 8 feet, if you cannot see his face.

c) whileconversingwithafamliar femalefroma

distance of 6- 8 feet, if you cannot see her face.

d) Whilelisteningtoafam |y member (wthout visual
clue) whois speakinginanorml tone of voicefroma
distance of 10- 12 feet.

e) Whil e conversingwthafamliar person over

t el ephone.

f) WhilewatchingaTVprogram if theTVis turned on
at normal volume, at adistance of 6- 8 feet, inaquiet

room

g) Whilewatching TV news, iftheTVis turned on at
normal vol ume, at adistance of 6- 8 feet, in a quiet

room

Response

Most of the tinme
Somet i mes

Sel dom

Most of the linme
Somet i mes
Sel dom

Most of the tinme
Somet i mes
Sel dom

Most of the time
Somet i mes
Sel dom

Most of the tinme
Somet i mes
Sel dom

Most of the time
Sometimes

Sel dom

Most of the time
Someti mes

Sel dom

Score



h) while listeningtoaradioturned on at normal

vol ume, fromadistance of three feet inaquiet room

i) WhilewatchingaTVprogram if the TVis turnedon
at normal vol ume, at adistanceof 6- 8 feet and thereis

other noiseintheroom(e g others talking).
j) Whil e conversing wth abus conductor inacrowded

bus.

k) Whil e conversing with afriend standing beside you

inacrowded railway platform

1) Whil e conversingwth asalesmanin abusy shop.

m Whilelistening to aspeech at a public gathering
when you are at adistance of 6- 8 feet fromthe

| oudspeaker.

n) Whi | e carrying out conversationwith afriend sitting
opposite toyou at arestaurant.

0) Whileconversingwithafamliar person seated next

toyouinaweddinghall, ifyoucannot see his/her face.

Most of the time
Somet i mes
Sel dom

Most of thetinme
Somet i mes
Sel dom

Most of thetine
Somet i mes
Sel dom

Most of the tine
Somet i mes

Sel dom

Most of thetinme
Somet i mes
Sel dom

Most of the time
Somet i mes

Sel dom

Most of thetime
Somet i mes
Sel dom

Most of thetime
Somet i mes
Sel dom



p) Whil e conversingwith afamliar personwhois Most of the tine 2

besi de you when you are wal king in abusy street. Somet i mes 1

Sel dom 0
g) Whi | e conversing with another person seated next to  Most of thetime 2
you, if thereis aTVor radio playingat normal volume Sometimes 1
inthesameroom Sel dom 0
r) Whil ewatchingamovieinatheater. Most of the tine 2

Somet i mes 1

Sel dom 0
s) Whil elisteningto somebody whisperingat adistance Most of thetine 2
of six inches fromyour ear. Somet i mes 1

Sel dom 0
t) Whil e carryingout conversationwth an unfamliar Most of the time 2
person standi ng besi de you, when you are outdoors and  Someti mes 1
it isreasonably quiet. Sel dom 0
u) Wil e conversingwithasmall group of people at Most of the time 2
home Somet i mes 1

Sel dom 0
v) Whil e conversingwith aperson seatedinfront of Most of the time 2
you at adistance of 3 feet and you are abletowatchhis Sometimes 1
face (with adequate light on his face) Sel dom 0
2. Do you turn down the vol ume of TVor radio before  Most of the tine 2
you try to carry on a conversation? Sometimes 1

Sel dom 0
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3. Doyoufindit hard to understand when several Most of the tine

peopl e are talking at the same time? Somet i mes

Sel dom
4. Canyou carry on aconversati on when several Most of the time
peopl e are talking in alarge roon? Somet i mes

Sel dom

5. Do you feel that you understand better when peopl e Most of the tine
talk slowy? Somet i mes

Sel dom

6. Do you ask for repetitions when peopl e speak to you? Most of thetine

Somet i mes
Sel dom
7. Do you have difficulty inrecognising afamliar Most of thetime
voi ce when your back i s turned towards the speaker? Somet i mes
Sel dom

8. Canyou identify thedirectionfromwhichyouheard Most of thetime

the aut omobi | e horn while you are wal king on a street?  Someti mes

Sel dom

9. When you are conversingw th agroup of people, can Most of thetine
you identify the I ocation of the speaker? Somet i mes

Sel dom
10. Do you avoi d talking t o peopl e because you have a Most of thetine

hearing probl en? Somet i mes

Sel dom
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11. Do you hesitate to meet strangers because you have
a hearing probl enf

12. Does your hearing probl emmake youto feel |eft

out when you are with a group of people?

13. Doyou listento TV or radio |l ess of ten because you

have a hearing probl enf

14. Do you get frustrated when you cannot under stand
what others say?

15. Do you feel that your fam |y members get annoyed

when you do not understand what they say?

16. Do you feel that peopl e | eave you out of

conversation because you have a hearing probl enf

17. Does your fam |y member get annoyed because

you raise the vol ume of TV/radi0?

18. Canyou hear the fol | owi ng froma di stance of 6- 8
feet, inaquiet room

a) atel ephone ringing

12

Most of thetine
Somet i mes

Sel dom

Most of thetine
Somet i mes

Sel dom

Most of thetime
Somet i mes

Sel dom

Most of thetine
Somet i mes

Sel dom

Most of thetime
Somet i mes

Sel dom

Most of thetine
Somet i mes

Sel dom

Most of thetime
Somet i mes

Sel dom

Most of thetine
Somet i mes

Sel dom



b) aknock on the door

¢) adog barking

d) sounds of footsteps

e) atap running

f) hiss of apressure cooker

19. Canyou hear the followng froma distance of 18-

20 feet, inaquiet room

a) bus horn

b) atel ephone ringing

¢) hiss of apressure cooker
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Most of thetime
Someti mes
Sel dom

Most of the tinme
Somet i mes

Sel dom

Most of thetime
Someti mes

Sel dom

Most of thetime
Somet i mes

Sel dom

Most of thetime
Somet i mes

Sel dom

Most of the time
Someti mes

Sel dom

Most of the time
Somet i mes

Sel dom

Most of the time
Somet i mes

Sel dom



20. Inaquiet situation, canyou hear somebody calling Most d' thetine
you froma distance of 6 - 8 feet? Sonet i mes

Sel dom

21. Inaquiet situation, canyou hear somebody calling Most of thetine
you froma distance of 18 - 20 feet? Sonet i mes

Sel dom
22. Can you hear somebody calling you frombehi nd Most of thetine

(fromadistance of 6- 8 feet), if theTVisturnedonat Sometimes
normal vol ume? Sel dom

23. Mentionany other situation you have difficutyin
hearing (pl ease speci fy)
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APPENDI X- 1 |

Calibration Procedure

The clinical audiometer (Madsen OB 822) was calibrated to ensure valid
results. Both frequency and intensity calibration was done for the pure tones

generated by the clinical audiometer.

Calibration of output sound pressure |evel

Calibration of output sound pressure |evel for air-conducted tones was carried
out with the output of the audionmeter set at 70 dB HL (ANSI, 1989) through the
ear phones ( TDH 39 earphones) housed in ear cushion ( MX 41/ AR). The acoustic
output of the audi ometer was given to a condenser m crophone (B and K4144) fitted
into an artificia ear (B and K4152). The signal was thenfed to a calibrated sound
level meter (B and K2209) attached to an octave filler set (B and K 1613) through a
pre-anplifier (B and K2616). The sound level meter was fitted with a half inch to
one inch adapter (B and K DB 0962). The sound level meter was set to slow
response and to external filter. The octave filter set was set to the required frequency
i.e. the same frequency as that selected on the audiometer. At each of the test
frequencies, i.e 250 Hz. to 8000 Hz, the output sound pressure level was noted. It
was ensured that the difference between the observed sound pressure level value and

the expected val ue was less than 2.5 dB ( ANSI, 1989).
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Calibration of output sound pressure level for bhone-conduced stimili was
done, for test frequencies, from250 Hz to 4000 Hz. The output of the audiometer
was set at 40 dB HL. The signal fromthe bone vibrator was fed to the artificia
mastoi d (B and K 4930). This output was then  fed via a pre-anplifier (B and K
2616) to the sound level meter (B and K 2209) attached to an octave filter set (B and
K 1613). The settings on the sound level meter and octave filter set was simlar to
that used for earphones. It was ensured that the difference between the observed and

the expected sound pressure level val ue was less than 2.5 dB (ANSI, 1992).

Calibration of linearity of the audi ometer:

The procedure used for checking the linearity of the audi ometer was simlar to
that utilised to check the intensity calibration except that the hearing level dia of the
audi ometer was set at the maxi mumlevel and the frequency dia was set to 1000 Hz.
The attenuator on the sound level meter was set at a level corresponding to the
maxi mum 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 |evel
was noted. For every decrease in the attenuator setting the sound level neter
indicated a corresponding reduction. The difference between the expected sound

pressure | evel and the observed sound pressure level was less than 2.5 dB.
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Frequency calibration

Afrequency counter (Radart 203) was utilized to calibrate the frequency of the
pure tones. The electrical output of the audi ometer was fed to the frequency counter
which gave a digital display of the generated frequency. It was ensured that the
difference between the dial reading of the audiometer and the digital display on the

frequency counter for a given frequency was less than 3% ( ANSI, 1989).

Cal i bration of the tape input

Calibration tone of 1000 Hz that preceded the test words was used to
calibrate the tape input. The cassette with the calibrationtone was played through the
tape recorder (Philips AW606). The output of the tape was fed to the audiometer.
The input intensity was adjusted sothat the vol ume unit (VU) meter of the audi ometer
deflected to zero. The output from the earphone was given to a condensor
m crophone (B and K4144) fitted into an artificid ear (B and K4152). This out put
was then fed to the sound level meter (B and K 2209) through a pre-anplifier (B and
K2616). The sound level meter was fittedwith a half inch to one inch adapter (B and
KDB 0962). The reading on the sound level meter was noted on the |inear' response
scale. It was ensured that the reading on the sound level meter did not deviate by

mor e than 2.5 dB ( ANSI, 1989) of the expected val ue.
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APPENDIX-I11

NoiseLevdsinthe Test room

Octave Frequency Leve indB SPL
250 Hz 2
500 Hz 16
1000 Hz 10
2000Hz 8
4000 Hz 9
8000 Hz

C-cde ¥ dB
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APPENDI X- |V

B syl labl esinKannada

Kannada |PA Kannada |PA
1. B jo:du 26. Y kattu
2. rnod gundi 27.  wg, buddhi
3. &R kMu:ni 28. o druﬁi
4. 32 § ruti 29. dew je:bu
5. = pra:ni 30. ©g, anna
6. =D sari 31. ™ ga:li
7. WN gnamni 32. amma
8. Ddbr Krarlu 33. & masi
9. [esr mu:rrtIi 34. o8 akka
10, &2 muni 35. 3, kanya
11. J8¢ b“ar%i I R be:di
12. 3y, laggu 37. B[HOW muyyi
13. w8 dasi 38, wes Citti
14. mom hamsa 39. #pee to:pi
15. ey Lellu 40. =N tya:gi

- n

16. & rufi 41. w08 ka:nrgi
17. 3% kavi 2. ns gati
18. &exyr lFli:rpu 43. we, bal'rt‘tri1
19. e de:vi 44, Teow de:ra
20. =08, manﬁri 45. & pairu
21. =8 nadi 46. e ni:vu
22, &8 artii 47. Btk dro:hi
23. ™3 gudda 48. @D na:du
24, w9 ka:!i 49. bha:w
25. oM ta:nga 50. & pedda
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APPENDI X-V

Short For mof the Sel f-assessment Scal e

1. Doyouhavedifficulty i nunderstanding speechin thefollow ng situations:

a) Whilelisteningtosomebody whisperingat adistance of six inches

fromyour ear.

b) Whil e conversingwithafamliar personfroma distance of 6-8 feet, when

you cannot see his/her face.

c) Whilelisteningtoafam |y member (wthout visual clue) whois speakingin
anormal tone of voicefroma distance of 10-12 feet

d) Whil e watchingaTVprogram iftheTVisturnedonat normal volume, at a
distance of 6-8 feet, inaquiet room

e) Whi | ewatchingaTVprogram if the TVisturnedon at normal Vol ume at a
distance of 6-8 feet andthereis other noiseintheroom(e g others talking)

f) Whil e conversingwithfamliar person seated next toyouinaweddinghall,

i f you cannot see his/her face.
2. Canyou hear atelephonering froma distance of 6-8 feet, inaquiet room?
3. Canyou hear abus hornfromadistance of 18-20feet, inaquiet situation?
4. Do you avoid talking to peopl e because you have a hearing probl en?
5. Does your hearing probl emmake youtofeel left out whenyouarewtha

group of peopl e?
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