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CHAPTER - |

| NTRODUCTI ON

"The Speech of our children is our interest and
t he communi cation of man is our concern? we
seek out those who are halting in speech and
we offer help to those whose ears have been
confused by di sease. Life without speech is
enpty and |ife devoid of comrunication is
scarcely better than death". - West (1972).

Communi cation is the sending and receiving of nessages
bot h verbal and non-verbal w thin, between and/or anong
people. (Oyer and Oyer, 1976). This is a social glue that
bi nd peopl e together and is done mainly through speech.
The frequent occurence of the wore speech enphasi ze the
fact that the speech is the source of energy that drives

t he vehi cl e of communi cati on.

The vehi cl e of communi cation breaks down at two
stages of human life cycle. The first level is at the
time when we make our first appearance in the world of
commni cation i.e., at our infancy period. The infant
does not have adequate speech as a tool to carry out the

communi cati on.

The second | evel of breakdown is at the ol der age,
where the efficiency of the parts of the vehicle are
reduced hi ndering the novenent of the vehicle. The

efficiency of the part are anal ogous to the opti nal
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functioni ng of the sense organs of the human bi ol ogi cal

systemand the vehicle to the speech communi cati on.

Wth the advancing age, there is concomtant reduction
inthe optimal functioning of the senses; The sense of
hearing is one which is of utnost inportance - as a catal yst
for the human speech comuni cation system Thus the
deterioration of hearing as the age advances inposes a

heavy tax on the el derly.

The deterioration in hearing as the age advances is
ternmed 'presbycusis' in the audiological term |oss of
hearing acuity has been evident in two spheres: 1) pure tone
and 2) Speech perceptual /discrimnatory ability, various
aspects of this are studi ed which are as foll ows:

a) Pure tone sensitivity anong the aged

(Mline, 1975; Mline, 1977; | NDRANI, 1981)
b) Speech audionetry (Goeth, 1948; Hayes & Jerger, 1979)

c) Tinme altered Speech (Bocca & Cal earo, 1963;
Konkl e, Beasl ey & Bess, 1977)

d) Frequency distorted speech (Kirikae, 1969)

e) Conpeting nmessage tasks (Carhart & N chol os, 1971
Mukundan, 1977)

f) Drectional hearing ability.

g) Pitch and intensity discrimnatory ability.
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Al'l these studies agree upon one comonal ity that
there is generally over all reduction in the discrimnatory
aspects in terms of intensity, frequency and quality of

speech as the age advances.

In India two studies have been conducted in this area:
(1) Establishing normative data for different age groups
for the pure tone sensitivity.
(2) The performance of the aged on the conpeting nessage

t asks.

Thus the limted nunber of studies conducted in
India call for the standardization of basic speech discri-

mnation test. This study serves the purpose.

NEED FCR THE STUDY: -

Phonem ¢ regression refers to the discrepancy in the
ol der persons between the hearing level for speech and
the discrimnation loss - pointing out the rarity of such
a finding in the younger age group. This disproportionality
Is a characteristics of the neural degeneration, if this
be the case, one mght expect the articulation function
for the elderly population to rise with increasing intensity
provi ded the individuals are froma popul ation selected to
precl ude factors which mght account for substantial end-
organ lesion; If such a function were established, it

coul d serve as a useful reference against which the
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(1) Does the discrimnation score vary significantly

as a function of age?

(2) Is there an effect of varying sensation |evel (SL)
on the Speech Discrimnation scores of the various

age groups?

(3) Is there any interaction betwen Age and sensation

Level ?

(4) Are the four lists of N.U Auditory Test No.6

equi val ent ?
(5) Isthe list - level interaction significant?

(6) Is there an age-list-SL interaction?
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performance of different age groups coul d be conpared.

Though English tests have been standardized to
| ndi an popul ati on (non-native speakers of English), no
attenpt has been made to find out the speech discrimnation

score across the various age groups.

Most often, the tests have been standardi zed on nor mal
hearing adults? Based on these norns, if the elderly people
are evaluated, they are prone to diagnosis of handi capped
even though it is normal to their age |level. Thus each
group should be conpared with the norms of the corresponding
age group to avoid the wong diagnosis (labelling normnal

agei ng process as abnornmal).

This present study thus yields?
(1) data on speech discrimnation as a function of age?
(2) identifying the areas of deficiency(Central auditory
di sorders)?
(3) Gves us an idea in deciding the conpensation for the

noi se i nduced hearing | oss.

SUWARY AND STATEMENT OF THE PROBLEM

This study was conducted on Seventy five adult male
subj ects, who were categorized into five groups based on
their age. They were in the age range of 19 to 77 years.
Their discrimnation ability was tested through N. U. Auditory
Test No. 6. This study ained at answering the follow ng

questions:
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(1) Does the discrimnation score vary significantly
as a function of age?

(2) Is there an effect of varying sensation |evel (SL)
on the Speech Discrimnation scores of the various

age groups?

(3) Is there any interaction between Age and sensation

Level ?

(4) Are the four lists of N.U. Auditory Test No.6

equi val ent ?
(5 Isthe list - level interaction significant?

(6) I's there an age-list-SL interaction?
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REVI EW OF LI TERATURE

Cerontol ogi sts believe that the aging process begins
even before we are born. Though some recent studies
(Bergman 1967) indicate that our sensitivity for puretones
increases, till puberty and there on there is a slight
decline especially around 4KHz. The follow ng paragraphs
outlines the hearing sensitivity as a function of age in

the normal s through various stages of devel oprent.

(a) hearing in early years.
(b) hearing in early adult-hood.

(c) hearing in mddle and |ate adult-hood.

(a) Hearing in early years; -

We are wel |l aware of the problenms that is encountered
intesting the peadiatric group? Because of this obvious
difficulties, there are no data for the hearing threshol ds
of infants soon after birth; This lack of information
has been partly cleared by one of recent studies by Eagles
(1967) cited by Bergnman 1967): The results indicate that
fromleast sensitive hearing level, for children at the
age of 5, hearing for puretone inproves, reaching a peak
at the age of 12 years and then begins to recede at the

age of 13 years and 14 years.
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(b) Hearing in early adult-hood: -

Despite the many precautions and controls the actual
SPL of the thresholds for young adults who are free of
history of ear disease have varied considerably in different
studies. Ws-cousin state Fair study 1957; Pittsburg study;
Anerican audionmetric zero. But all these studies agree
upon one thing that normal hearing acuity limt is between
- 10 to + 26dB HL - Bergman (1962).

(c) Hearing inthe mddle and late adult-hood: -

Since people in this group are exposed to high
intensity noise in the industry, in and around hone envi -
ronment, it is difficult toisolate the acoustic insult
fromthose of aging in the pure sense: To obtain the
effects of aging alone on hearing, ideally one should
conpare the hearing in each succeedi ng decade of life of
persons who were not exposed to noise; both noderate / high

intensity noi se exposure.

I n these aspects, studies done by Gorig (1960),
Rosin and Bergman (1962), Corso (1963) and Kapur (1967)
i ndi cate the foll ow ng

(1) It appears that noise is a contamnanting factor
in curves of hearing with aging. The greater the exposure

to noise, the nore hearing | oss in each decade.
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(2) Populations in our nechani sed soci ety show
nore hearing |loss with the advanci ng age than the tri bal
popul ation. This is considered in detail in answering
the question "Is presbycusis a conbi ned effect of socio—

acusi s?"

Wth this brief introduction as to howthe age
affects the hearing ability of an individual, nowthe
remaining part of the literature deals with howthis
mddle / late adult-hood group of people performin

various aspects of auditory behaviour.

Ef fects of aging on Puretone sensitivity:-

Probl ens of audition frequently are equated with
the process of growing ol der, atleast in the popular view'.
Thi s general openion is not wthout substance, since nost
el derly persons do experience nore hearing difficulties
t han younger individuals. Z Wardenaker (1899) was the
first toinvestigate this dimnution of hearing acuity
quantitatively in the elderly and he coined the term
" presbycusis' neaning |oss of hearing acuity that devel ops

as the result of aging.

Zwaar demaker (1899), further noticed that high
frequency threshol ds di mnished with the increasing age

and this process starts as early as the second or third
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decade of human life. Supportive evidences cone from
Benyol d (1894), Struy Ben (1913), G cocoo (1932) and
Schober (1952). Hnchcliffe (1959) denonstrated a progre-
ssively deteriorating hearing |oss through the age of 70
years where as Goetzinger (1961) found significant

deterioration of hearing through the age of 89.

Bunch (1926, 1927) nade the first description of the
hearing acuity of the elderly for the puretones using an
el ectronic audi oneter. The common feature depicted by his
work was that tonal sensitivity becones progressively
| essened for high frequency stinuli especially for those
above | OOOHz. Confirmatous evidence was contri buted by
Bunch (1931), Qorig and Weel er (1957), Corso (1963),
and Kloty and Ki | banc (1962) (cited inH Il 1979).

Wth the growinginterest inthis area, two surveys
have been conducted whi ch are as. fol |l ows:
dorig (1954) published the data fromthe Wsconsin state
Fai r hearing survey on nen and wonen up to seventy nine
years of age. The result of the survey indicate the
fol | ow ng:

(1) Hearing loss for puretones beconme greater with
| ncreasi ng age.

(2) The onset of hearing loss is nore gradual anong
worren t han anong nen except in later years the reverse comes

true.
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(3) with each 10 years increase in age for nal es,
the nedi an hearing loss at 6KHz, increases approxi nately

| 0dB as conpared with only 3 dB at 1KHz.

Simlar findings have been reported in the Nationa

heal th Survey (1962) in USA

The followi ng are the studi es which outlines the
differential effect of aging on nmale vs fenal e:
Corso (1963) investigated the influence of agi ng on audi -
tory threshold and he reported a progressive deterioration
of sensitivity for puretone of high frequency region
beyond t he age of 60 years;, More over, the rate of deter-
loration of hearing in wonen is fairly uniformas a function
of age, where a& nen exhi bited marked changes i n hearing

on the average about every 15 years.

MIller and Ot (1965) found a hi gh frequency sl ope
in 88%of a group of individual s over the age of 65 years.
Cenerally, the loss is greater for nen in frequencies
above 4KHz and for the wonen in the | ow frequency region.
This difference according to themis attributed to the
greater noi se exposure in nen than in wonen. Corso (1971)
also agrees wwth Mller and Ot (1965) stating that the
hearing | evel for men is higher than that for wonen, age
hel d constant for 2000HZ and above, at and bel ow 1KHz t he

hearing | evel for wonen tends to be slightly higher than

for nen.
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Traynor & Hull (1974)-cited in Hull 1979) found simlar
observations as Mller & Ot (1965) and they al so said that
i npact of aging on hearing cannot be appreciated without
consi dering the speech reception and di scrimnation capa-

bilities.

MIline (1975) measured hearing |level for puretones in
215 men and 272 wonen and results showed that both sexes
showed 1. increase in hearing loss in each frequency with
i ncreasing age, 2. hearing | oss was greater in wonen for
1KHz and at 2KHz and above for nmen and 3. the difference
in hearing | oss between higher and | ower frequencies were

greater in nmal e aged popul ati on.

Two reports regarding the audionetric configuration
age given. Burn (1968) reported that in presbycusis, pro-
ggressive deterioration of hearing of high tones occured
thus yielding a gradually sloping configuration. Dayal
and Nussbaum (1971) admni stered puretone testing on a
smal | sel ected sanpl e of agi ng popul ation and their results
indicated that 12%of the group denonstrated flat hearing
| evel configuration. Thus, fromthese studies it is
evident that the hearing |oss can be evident only at higher
frequenci es and/ or through out the frequency range, viz
250 - 8000HzZ. Flat hearing |oss can thus stemfromthe
cummul ative effect of normal aging process and pat hol ogi cal

condi ti on.
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Above studies indicate that the hearing | oss seem as
age advances is of sensory neural type. This finding has
been reported by pestal ozza and Shores 1957, dorig et al
1961 and Rosen et al 1965. All these authors have reported
of all air borne gap in the aged people and attributed that
to the conductive conponent. This was expl ai ned based on
the mddl e ear changes due to aging. Supportive evidence
for this finding was given by Mline (1977). In this
study, the air-borne gap was conputed in an audionetric
study of hearing loss in a randomsanpl e of ol der people
usi ng sound frequencies of | KHz and 4KHz and omtting
persons Wi th abnormal ear druns in 215 nen and 272 wonen.
The results indicated the presence of a gap larger than
| 0dB was greater in both sexes for the higher frequencies
and there was no age effect on the air bone gap but the

gap increased as the hearing |oss in increased.

Aorig (1957) reported the average puretone threshol ds
of individuals with age range 10 to 79 years of age. The
results showthat the greatest inpairnent is in the higher
frequenci es, beginning with Aslight degree at the ages
10 to 19 years. At ages 60 to 69 years, slight degrees of

decrenent in |ower frequency region is noted.

Inthe simlar lines, Feldman and Reger (1967)

tested thirty six nales between the agess 50 - 86 with pure
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tone test, speech tests of sinple reaction tine to eval uate
the relation of auditory sensitivity and reaction ti me.

The results of the study indicated - i. there was a decrease
in sensitivity, as the age increased. ii. inspite of the
gradual decrease in sensitivity with age, the threshol d

at frequenci es bel ow 2000HZ remain wi thin t he normal range
t hrough seventh decade, iii. In 50 - 59 year ol d group

a mld high frequency | oss was present, iv. Inthe old 70
year group a noderate to severe | oss was seen. V. in the
7t h decade and above, a spread of sensitivity decrenent to
the | ow frequencies begin to appear and by the eighth
decade snall but definite sensitivity inpairnent is present

in the | owfrequency region.

Indian tudies regarding puretone sensitivity as a
function of age are few. But recently, Indrani (1981)
observed the threshol d of hearing by air conduction as a
function of age and sex anong | ndi an popul ation. A total
of 180 subjects were chosen randomy, the age range of
t he subject being 10 years 6 nonths to 87 years. The
subj ects were categorized into six age groups. The data
obtai ned fromtynpanonetric, reflexo-metric puretone
audi onetry testing and Bl ood pressure were conpared. The
results of the study indicated that there was an increase

in hearing thresholds with age in both nen and wonen.
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The onset of hearing |oss as a function of age occured in
the fifth decade of life. The elevation of hearing thre-
shol ds was gradual upto fourth decade. But this elevation
was marked about 12 dB between fourth and fifth decade in

wonen and between the fifth and si xth decade i n nen.

Al'l these studies indicate that el derly individuals
exhi bit high frequency symmetrical hearing |loss bilaterally.
According to Hnchcliffe. (1962) the two nmaj or audi ol ogi cal

features in puretone sensitivity as a function of age are-

(i) inpairment of auditory sensitivity: It is
general ly thought that this process is due to the degene-
rative changes in sensory neuro epitheliumof the ear.

This is observed only in the later adult |ife though

hearing sensitivity starts deteriorating fromthe chil dhood.
The cells in the brain al so degenerates with age. The cells
In the superior tenporal gyrus are reduced by hal f over

the period from20 to 70 years of age.

(i) Lowering of the upper tone limt is due to the
threshold sensitivity for the very high tones becomng nuch

| ess sensitive wi th increasing age.

Presbyacusi s: a conbined effect of socioacusis:

One of the nost inportant factor that obscures the
cl ear understandi ng of presbycusis is the damage produced

by noi se-i nduced hearing lossy thus in the advanci ng ages,
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the hunman ear is not only subject to the aging effects

but al so the social stress on the part of the individual.
The studies (Aorig, 1960; Rosen, 1962; Corso, 1963;

Kapur, 1967; Bergman, 1967;, Spoor, 1969;; Reynand and Canar a,
1969) indicated that the aging effects on the hearing
acuity should be delineated fromthat of the acoustic

insult to obtain norns on hearing acuity as a function of

age:

Aorig et al (1960) conducted a survey on subjects
froma relatively quiet environment and concl uded that the
home envi ronnent does influence the anmount of presbyacusis
experienced. They suggested that the so called presbyacusis

IS probably is a mxture of aging and soci oacusi s.

Rosen et al (1962) conducted a study on the isol at ed
tribe - the Mabaans in a renote area of Sudan. One hundred
subj ects were included in each decade from10 to 70 yearas
of age; The testing was conducted in a rest house where
t he anbi ent noise | evel was 40 dB and the testing was done
upto 24000 Hz; The results showed a slight decrenent in
heari ng anong Mabaans to physi ol ogi cal aging and thus the
aut hor concluded that so called presbycusis in nodern

society is really noise induced soci oacusi s.

Corso (1963) working with subjects froma noni ndustri al

relatively noise free environment found there was a seemngly
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pure presbycusis of agine, deteriorating in hearing of
men and wonen. The average hearing | oss exhibited by the
group in this study was considerably |ess than the general

survey nornative datar.

The studi es done by Kapur (1967) on the Todas of
Nilgiris and Jarvis (1967) on the Bushman of south African
showed little deterioration as a function of age. Thus
these studies indicate that hearing ability is dependent

upon the way of life and the environnent.

Spoor (1969) gave the nedi an hearing | evel for non-
noi se exposed nal es and fenmales of 25 to 85 years at various
test frequencies —the values were based on the data of
the 5 different studies where the upper (QJ and | ower
Quartile (Q) limts and nean are conputed. The results
I ndi cated the follow ng-

(1) M- QUand Q. - Mare linearly rising functions
of age at all frequencies and is al nost identical for
bot h sexes.

(2) For a 25 year old group M—QU and QL - M
I ncreases from4 dB at 250HZ - 6 dB at 8000Hz.

(3) For a 65 year old group M- QU increases wth
the frequency from4 to 12 dB and AL - Mfrom5 to 12 dB.

The above studies clearly depicts the effects of
noi se exposure on aging. This belief has been di sproved

by the two foll owi ng studies.
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Vander Sandt and Gorig (1969) estimated the hearing
acuity at various age levels in a group of 90 subjects from
the Kal ahari Bushman. The results of their study indicated
t hat -

(1) no significant difference between the people in
modern society and tribes.

(2) A high incidence of mddle ear pathology in this
popul ation caused a distinct drop in the air conduction at

an early age.

Raynand and Cannara 1969 - study on Africans from
rural and nomadi c environnents aging 40 - 70 years showed
that audi onetric curve do not show exception degree of

conservation of hearing in the high frequencies.

These two studies go against the belief that the
tribes possess 'supra natural hearing' . This contra-

I ndi cation can be explained on the followi ng Iines.

(i) Many of the inhabitants of tribes were afflicted
by the mddle ear infections due to unhygenity and al so
hi gher incidence of inpacted wax was very conmon anong
them Thus this caused a distinct drop in their hearing
acuity. The earlier investigations (Spoor, 1969, Kapur,
1967, etc) again cannot be taken for granted, because

I. the concept of '"age' was not very clear anong the tribal
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popul ation. Thus in these studi es age factor was consi dered
based upon their physical status, nmarital status, pubic
hairs, etc. Thus the estinates were conservative because

t he physi cal appearances are too deceptive to be reliable.
Ii. Mre over a Bushman of the wild type over 45 years
were relatively rare. Thus the study done on a very snal
popul ation around the subjects cannot be taken to be very

significant to provide the norns for that age group.

Based on these comments on both the group of studies

I nvestigation in deeper aspects are warrant ed.

Speech audi onetry in the Geriatric popul ation: -

In addition to the progressive deterioration in the
sensitivity for puretones generally attributed to presbycusis
the geriatric patient also typically denonstrates a reduced
ability to understand the spoken | anguage. This problem
seens to be in-conpatible with the amount of puretone

hearing | oss.

One of the neasures of listeners hearing ability is
the threshol d of speech reception onintelligibility. This
ability has been investigated by Reger and Fel dman (1967)
anmong the elderly population. He found the effect of
agi ng on the speech reception threshold and the results
indicated fairly systematic increase wth age. This
I ncrease, is approximately 9dB (decade after the age of

50 years. Mre over, as the age advances not only the
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SRT increases but al so the variance increases, onthe
simlar line, Corso (1977) tested the speech reception
ability for 2 groups; one group of young adults and t he
ot her group consisting of geriatric popul ation using AD
W spondee list. The results of his study indicated

hi gher SRT for the geriatric group with nean val ue 42 dB
as conpared to 18.5dB for the younger popul ation. Thus
these two studies clearly indicated the deterioration in

t he speech reception ability as the age advances.

It has been a repeated observation that the speech
discrimnation ability and hence the intelligibility
function of the elderly persons cannot be predicted reliably
fromthe objective puretone audi ogramor speech reception
threshold. This is because, i. puretones are not encoun-
tered in every day life situation and ii. it is nost often
the discrimnation of the speech sounds that is affected

rather than the speech reception ability.

The credit goes to Gaeth(1948 cited in katz 1982)
who for the first tine conducted the study on the speech
discrimnatory ability of the elderly individuals. The
result of this study nmade himcoin the term ' Phonemc
Regressi on' whi ch neans the reduced ability to hear and
to repeat the common words at the supra threshold | evels.

(This is a characteristic of sonme elderly people).
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WIlliford (1971) added sone nore features to Gaeth's
observations. They are - 1. phonemc perception difficulties;
does not parallel a general delay in nental capacities,

Ii. this phenonmenon occurs nore frequently beyond the age

of 50 years but a substantial nunber of ol der individuals
with hearing loss do not display any difficulty. There

fores age al one cannot be asole factor for reduced SRT.

Jerger (1973) conductedastudytoanal yzet he phone

meni ¢ regressi on phenonenon. He tested 162 patients in the
age range of 6 to 89 years of age. The PB list materia
were NDRC (National Defence Research Council) lists of 1to
6 recorded on magnetic tape. Wth the average puretone
threshol d 500 - 2000HZ hel d constant, the average PB nmaxi -
mumas a function of age was plotted, the effect of aging
on speech intelligibility was apparent. At virtually any

| evel of puretone average there was a systenmatic decrenent

I n performance w th advanci ng age.

various aut hours have contributed to the devel opnent
of speech test material (Harvard PB lists by Egan 1948,
CDW?2 by Hrsh et al 1952; Rhyne test by Fairbanks 1958)
using different types of speech material, thus many studies
exist in finding the relationship between the age and the

speech discrimnatory capacity.

Coet zi nger (1961) tested trained thirty six nales

bet ween the ages of 50 and 89 years for their speech
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discrimnation ability using the ADw 22 word lists. The
control group included twenty nal es between the ages of 20
to 28 years. The results of the study indicated the follow ng-
The increasing difficulty in understanding speech by the
aged, is reflected in the systematic decrease in the dis-
crimnation score for those above age 50 years. The increase
i n inpairment and understanding is systematic fromdecade

to decade in the experinental group and anmounted to 5%/
decade. The speech understanding ability is relatively
stabl e over a period of approxinmately 30 years. After age
50, then there is a gradual progressive decline in discri-
mnation. At the age of 80 there is approximately a 25%
lossin discrimnation ability. Simlar findings have been

reported by Reger and Fel dman (1967).

It is interesting to note when Goet zi nger (1961) used
annore difficult discrimnation task (Rush Hughes recording
of Harvard PB lists), the absolute value of the discrimna-
tion score was poorer than for W22 lists but the difference
bet ween scores as a function of age renai ned approxi mately
10%per decade upto the ei ghth decade when it increased to

18 - 20%

Bl umen Fi el d, Bergman, MI Il ner (1969) ained at studying
the rel ati onshi p bet ween speech di scri mnation scores and
the aging in 55 subjects with age range 27 to 82 years on

the Rhyne test. The SDS was found under noi sy and qui et
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condi tions. Speech discrimnation on the Ryne test tended
to decrease as the age advanced. The elderly individuals

performed simlarly under both conditions. All these prece-
ding studies do indicate the differential effect of material

on speech discrimnation and consequent|ly upon agi ng.

Attenpts have been nmade to find out whether hearing
| oss consequent to normal aging process and the hearing | oss
aa a result of pathol ogical condition have an effect on
speech discrimnation. The follow ng studies throw sone
light on such dinension. The first and the fore nost
attenpt was nmade by Punch Mc Connel (1969). The articulation
function of a sanple group of elderly adults exhibiting m nima
hearing loss (Goup |I) and that of a second group of elderly
persons of conparable age having mld to noderate presby-
cusic hearing inpairnment (QGoup ll). Two groups of 12 adults
each age 65 and over served as the subjects. Speech discri-
m nation functions were obtained at SL's of 10, 20, 30 and
40dB using di sc recordings of ADW2 word lists. Results
of the study showed that, i. both the groups generally

I nproved i n speech discrimnation performance with increasing

intensity and ii. Goup | had significantly better discri-
mnation ability than group Il at each of the four sensation
| evel s.

Kasden (1970) nmade a conparative study of presbycusic

ears Wi th young sensori-neural ears haveing a conparabl e
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pur et one hearing on speech discrimnation ability. The
first group consisted of twenty subjects between 60 - 69
years and the second group consisted of 10 subjects between
20 - 40 years; The performance of both these were conpared
with the control group of normal hearing subjects between
20 - 28 years. Discrimnation scores on C D w22 word
lists at 5 SL's 10dB - 5dB SL were found. The results of
the study indicated that the presbycusic patients perforned
wor se than the young SN hearing | oss group. The performnmance
of these two groups were very poor as conpared with the
control group. This shows aging brings nore discrimnatory

probl emthan hearing |oss al one which results from pat hol ogy.

Gang (1976) investigated the effect of age on the roll
over effect. The thirty-two nmal e veterans aged 60 years
and above served as the subjects. Any possibility of
retrocochl ear involvenment is ruled out using carhart's tone
decay test. The articulation function on D W2 Lists were
conputed for this group. The results of this study were
i . the nean function of elderly individuals has a sl ope of
1.4%dB agai nst 6%dB norm ii. the norrmal articulation
approxi nates the PB max at 25dBSL where as PB max is achi eved
at 50dBSL for the elderly group, iii. The slower raising
function and reduced PB max- an indicative of the poorer
performance on discrimnation task is general ly exhibited

by el derly |isteners.
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Expl anation for the reduced speech discrimnation ability

anong the aged: -

Various authours have put forward their viewto explain
t he reduced speech discrimnation abilities anmong the aged.
According to Gaeth (1949) and H nchcliffe (1962) the pheno-
nmenon of phonemc regression can be due toi. reduction in
pitch discrimnation ability and ii. retro neural |esion or

consequent to digenerative changes in the brain.

Reger and Fel dman (1967) gives the follow ng reasons
for this reduced speech discrimnatory ability as a) the
hi gh frequency hearing | oss which is nost often of the coch-
| ear type produce sone discrimnation | oss. Mre over this
hi gh frequency hearing | oss produces a filtering effect
along wth distortion due to inpaired cochlear structure
t hensel ves, (b) Changes in the elasticity of the cochl ear
menbrane and an increase in stiffness of the basilar nenb-
rane causes reduction of sensitivity at |ow frequencies.
This adds to the probl emof speech discrimnatory abilities,
(c) Tactile and auditory reaction tinme is essential in
predi cting the speech discrimnation. The reduction in the
reaction tinme as the age advances accounts for the poor

speech discrimnation ability.

In the sane |ine, Raynond and Prat hur (1971) based
on the neuro anatony and neuro physi ol ogi cal studies explains

t he poor speech discrimnation, as sequal ae of blurring effect.
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I e. the peripheral fibres conduct faster conpared to the

sl ow conduction rate of the central fibres. This differ-
ence inthe relative rate of conducti on shows even greater
differences with the increasing age. This produces a
blurring effect which causes a series of neasage i npul ses
to be spread out intinme as they reach the cortical centres
where perception takes place. This explains as to why

the elderly shownore disturbances in the discrimnation

of speech rather than sinple stimlus such as puretone.
Thus the problemlies nore in central rather than at

peri pheral |evel as explained by Reger and Fel dman (1967).
Further nore willeford (1965, 1971) stated two nore reasons
as to support Raynond et al (1971) findings, 1. Thereis

| onered resistance to noise interference with increasing
age. This is attributed to the increased |oss of central
cells and increased randomneural noise. ii. dder persons
experience longer after effects of neural activity,
persistent central activity follow ng stinulation certainly
tend to obscure or confuse subsequent stimulus expecially
If those signals are continously varying and foll owi ng one
after another, as in production of speech sounds. D scon-
tinous tasks such as puretones do not change rapidly and
mght be less, affected. This clearly indicated why the

ol der people have difficulty in understandi ng speech rather
t han perceiving the puretone signals which do not require

the central integration ability.
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The preceedi ng review on causation of the reduced
discrimnation ability anmong the aged is nore of a centra
audi tory disorders rather than nmere periphery disorder.

The di agnosis of the central auditory disorders is nore
clear cut by increasing the difficulty of speech task by
altering paraneters such as frequency, tine and / or
intensity of the speech stimuli. The Geriatric population
mani f est ed poorer discrimnation on such difficult speech
speech situation, in the follow ng pages, we shall consider

how the elderly performin the central auditory tests.

Tinme altered Speech tests: -

The performance of the elderly on the tine altered
speech can be considered under two conditions ie. tine

conpressed speech and time expanded speech.

Gay and Sticht (1969) were pioneers to find out
the intelligibility of time conpressed speech as a function
of age and hearing | oss. They tested four experinental
groups: (i) young, (ii) elderly adults with hearing acuity
withinthe norns of that group, (iii) young SN hearing | oss
group and (iv) older age group with SN hearing | oss. The
CDW?2 list of words were tine conpressed at 4 |evels of
conpressionie. 0% 36% 46%and 59%was used as the test
material. The results of the study indicated that there
were no differential effect of age on the perception of

tine conpressed stinmuli due to two types of hearing ability.
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with the increased age, the ability to discrimnate tine
conpr essed speech di m ni shed as the anount of conpression
was increased. This shows that higher the conpression

| evel , the nore the elderly individuals were taxed in

under st andi ng speech.

Konkl e and Beasl ey (1977) studied the effect tine
conpression and sensation | evel as a function of age.
The NU auditory test No.6 was tinme conpressed and presented
to four age groups ranging from54 - 84 years of age at
their SL of 24, 32, and 40 dB (ref. SRT). The results
indicated that intelligibility decreased as a function of
I ncreasing tine conpression and decreasi ng sensation | evel s.
Thus there was 20%reduction i n scores between the ages
of 57 and 70 years. Mre over, the elderly can perform
better at higher SL ie. 40 dBSL as conpared to the | ower

sensation | evel s.

The effect of time conpression and expansi on on
normal , hard of hearing and aged nal es been observed by
Schon (1970). The subjects of this study were young
normal hearing adults, young males with SN hearing | oss,
aged wi th average hearing for their age and aged nal es
with SN hearing | oss. The results of the study indicated
that the intelligibility scores for all the groups were

depressed as conpared to 0% conpressi on and expansi on.
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Young nmen with normal hearing performed better than the
young adults with SN hearing loss and both groups of aged
mal es, in the tinme expanded speech condition, the ol der
group performed better than the conpression condition
suggesting that ol der peopl e can discrimnate speech sounds,
when altered in a slower fashion. Thusaccording to Luternan
(1966), the discrimnation of tine expanded speech was

affected by the degree of hearing | oss and not age.

Kor abi c, Freeman and CGerald (1978) studied the effect
of time expanded speech on normally hearing and el derly
subjects. 18 nornmal hearing subjects with nean age of
22 years and twenty el derly subjects with nmean age of 70
years were the subjects of the study. All subjects had
speech discrimnation score of 90%for undistorted NU
auditory test No.6. Speech discrimnation score for the
experinmental stinmuli ie. NUauditory test No.6 processed
at 0, 30, 60and 100%tine expansion presented at 4 SL's
of 8, 16, 24 and 32 dB. Results of this study indicated
that for nornally hearing subjects, auditory discrimnation
performance at all ratios of tinme expansion was equal to
the 0%condition. Anmong the elderly individuals, there
exi sted direct relationship between the time expansi on
and di scrimnation scores, in other words, higher the
per cent age of expansion, better was the speech di scrim na-

tion scores. The performance at 100%expansi on was better
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than at 30%and 60% Thus these findings suggested that
when the rate of speech is slowed down, the elderly can

process the speech fairly well.

D storted Speech: -

Cal l aro and Layaroni (1957) studied two groups of
subjects. (One group had patients with cerebral tunours
and the other group consisted of ol der individuals between
70 to 85 years. The meani ngful sentences delivered at
speech of 140, 250 and 350 words/ mnute forned the test
material. The difference in threshold between accel erated
and nornal speech was conputed for each group. The results
i ndi cated that threshold shifts were larger in the ol der
age group than the patients who had intra cranial tunours.
This gives evidence for the fact that the ol der individuals
can not cope with the accel erated speech. The reason for
this can be deduced fromthe study by Harris (1960).
According to him the subjects with normal hearing at 4KHz
had normal intelligibility for sentences altered at a&
rate from280 - 345 words/ m nute, but when there was hearing
| oss at 3KHz, even mld, a decrenent inintelligibility
resulted. Mst often the elderly experience |oss hearing
acuity at and above 3KHz. This explains their reduced

score with the accel erated speech tests.

Apart fromthe peripheral |oss, changes, in the higher

centres have been reported. Decrease in cell count of the
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tenporal |obe with advancing age reduces the ability to
percei ve distorted speech (Hnchcliffe, 1969). The
decreased efficiency in the tine sanpling which is nediated;
by the central auditory disorders is also a causative factor
Bergnman (1971).

Filtered Speech : -

Very few studi es have been done in this area; Pioneer
In this aspect of study was pal va and Jobi nren (1970) who
I nvestigated the effects of age on discrimnation of filtered
speech with two different frequency bands using the nonoaural
tests and Mat zker's binaural teats. They tested 149 subjects
with the age range 20 —89 years. The results indicated
that in filtered speech test, discrimnation falls very
early as a function of age; Even the group 30 - 39 years
showed a significant deterioration of discrimnation in
bi naural hearing as conpared with the youngest group. This
change in discrimnation of filtered speech occur much
nore, than changes appear in the puretone thresholds. After
60 years a significant asymretry appeared in discrimnation

of filtered speech.

St agger ed Spondai ¢ word test (SSW: -

To provide a discription of SSWperfornmance for the
ol der groups, Amrerman and parnell (1980) adm ni stered SSW
to 41 subjects (60 - 79 years). Average word discrimnation

scores were wthin normal limts. The older individuals



2. 26

showed a decrease in response accuracy and increase in the
variability relative to the younger subjects. Non signifi-
cant correlation between age and SSWscores suggest m ni nal

changes in central auditory functions.

The use of SSWtest for neasurenment of central auditory
ability in adults beyond the age of 60 years is presently
limted by the Iack of an adequate nornative data basically
by which to differentiate typical and the atypical response
patterns obtained fromthe elderly (Brunt 1972 cited in
Maur er and Rupp 1979).

Conpeti ng Speech Test:

Phonene Discrimnation in ol der persons under varying

SN conditions:-

An ol d individual can fairly comuni cate in the envi-
ronment Wi th m ni numdi sturbances. This comunication is
chal | enged when back ground noi se is nore which adds to
hi s perceptual problens, reducing the efficiency of communi -
cation. Wlie (1973) explained this phenonmenon. He suggested
that at ages from 30 to 80 years the statistically average
persons will |ose about 15%of nerve conduction speed. As
aresult, the ol der person nust receive nore intense signals
or longer signals with I ess back ground noi se to devel op
t he sane |evel of recognitionas the young adult. Bearing
this in mnd we shall proceed to the studies conducted in

this |ine.
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Grower (1969) attempted to measure speech discrimina-
tion ability in the presence of noise among the ability
elderly. His subjects were 40 patients with presbycusiss
with their ages between 62 and 81. The phonemic scores
for the S/N of o, + 10, QO and - 5dB were obtained in older
to attain the goal. The results of the study showed that
for the average patient with presbycusis, his social
handicap is clearly expressed in his rapidly diclining
phoneme score if the ambient noise reaches speech level

and surpass 1t.

Smith and Prathur (1971) studied the phoneme discri-
mination in older persons under varying S/N ratio; Two
groups of subjects, 10 subjects older than 60 years of
age and 10 between the ages of 18 - 30 (puretone- normal
hearing at speech frequencies) identified 16 consonants
in a CV context which were presented at 6 sensation levels
of noise over 4 S/N ratio. The results show that the
older group performed significantly more poorly than the
younger group over all listening conditions. However there
was no difference in the relative performance between the
two groups as either the SL of noise increased or S/N
ratio became poorer;; In addition, even in quiet condition

the similar results were obtained as 1n noise.

In 1971, Carhart and Nicholas reported their findings

on a related task where they studied masking for spondees
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in conplex listening situation for young and el derly wonen
with good hearing. The ol der population had difficulty
inidentifying the words in sinple conpeting situation and

were nore affected than the young in nore conpl ex backgrounds.

Bergnman (1971) tested 282 adults from20 to 89 years
of age and the results indicated-

(i) the ability to interpret good |istening conditions
declined only slightly until the age of 80 years. For
the 80- 89 year group only a snmall decline in the perfor-
mance was not ed.

(ii) interpretation of sentences at various |evels of
distortion reveal ed cl ear decrease in perfornmance at the
hi gher age; Sharp decline in these tasks were noted in
t he begi nning of 4th decade.

(iti) In the interpretation of interrupted speech,
the drop in performance was particularly striking, starting
fromno deficit at ages 20 - 29 and increasing learity to

a 65%deficit at 8th decade of life (cited fromLayton).

Indian Study in this area:

Mikundan (1977) used conpeting nessage in Tel egu and
English with subjects ranging from?29 - 75 years at SN
ratios ranging from-12, 6, 0, +6 and +12dB wer e enpl oyed.
The presentation |level of the primary nessage was nai nt ai ned

at 40 dB HTL. Discrimnation in quite was al so obtai ned.
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The subjects in the present study were found to obtain
significantly higher scores in the absence of conpeting
background. This inplies that when the listening situation
are relatively sinple, the discrimnation ability for the
el derly subjects is not excessively taxed. Mikundan (1977)
concl uded that the ol der subjects perforned significantly

poor er than younger subjects on a conpeting nessage tasks.

Bondi ng's study in 1979 attenpted to study the critical
band wi dth i n presbycusis, 20 patients (61 - 82 years) with
flat audionetric patterns were the subjects, critical band
wi dth estinmation was perfornmed by the nmethod of |oudness
summat i on usi ng noi se centered around 1KHz, the results

indicated a normal critical band width in these subjects.

Plonp and M mpur (1979) investigated the speech
reception threshold for sentences as a function of age
and noi se level: For 140 mal e subjects (20/ decade between
20 - 89) and 72 fenales (20/ decade between 60 - 89)
and 12 for the age interval 90 - 96; the nonoaural SRT
for sentences was found in quiet and noise at 4 levels
(22.5, 37.5, 52.5 and 67.5). The results of this study
I ndicated (1) Hearing loss for speech at high noise
| evel increases progressively above the age of 50, (2) Accep-
table noise levels in roons used by the aged nust be 5 or

10 dB lower than those used by normal hearing subjects.
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Duquesnory and Plonp (1980) studied the effects of
reverberation and noise on intelligibility of sentences:
i n cases of presbycusis. The subjects were 1. 50 nal es
bet ween 60 - 67 years and 30 nmal es-69 - 90 years and 30
femal es fromhonme for the aged. 2. A control group of 20
young subj ects between 18 - 35. The SRT was measured under
five reverberant conditions between RT of Oand 2.3 at
a constant noise |level 52.5 dBA. The results of their
study indicated that the el ders perforned poorly at the

hi gh reverberation condition.

Margolis and Gol dberg (1980) cited in Marshall (1981)
neasured the critical ratio in 5 presbycusic |isteners
for a |O0CH tone at 50dB SPL varying the spectrum | evel of
broad band noise to obtain 60%detection of tone, 415
presbycusic |isteners showed abnormal critical ratio ie.
they needed an inproved SN ratio in order to detect the

t one.

Kapl an and pi ckett (1982) studied the differences in
speech discrimnation in the elderly as a function of
type of conpeting noise, ie. speech babble Vs. cafeteria
noi se. The subjects were 26 elderly individuals with
bilaterally mld to noderate SN hearing |loss with the age
range 61 - 91 years. To neasure SD in quiet a perfornance
intensity function using ADW2 list (Hrsh 1955) and
discrimnation in conpetition using SSI at 0 to 90 dBHL.
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The stimulus was given under 1. nonotic, 2. |owfrequency
attenuated, 3. dichotic and 4. diotic. The results of

the study indicated 1) SN ratios needed to naintain
nonoti c discrimnation between 50 - 75%were hi gher for
the cafeteria noise than for the speech babble. Thus
listening in speech sanple an easier task for elderly than
listening in cafteria noise.

2) Although dichotic - nonotic and dicotic nonotic super -
lority can be seen with both types of noise, the effect

was nore pronounced wi t h babbl e, (speech babbl e).

These data confirmthat the hearing handi cap of
many el derly subjects manifests itself primarily in an
noi sy environnent. Thus the exact neasurenent of their
handi cap 1 ndex shoul d be obtained in presence of conpeting

noi se.

The performance of the aged on the various audi ol ogi cal
tests is givenin Table |I. The performance on the follow ng

tests likel, 11, Ill, 1'Vson on are as foll ows: -
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Table | sumarizes the findings on the follow ng

tests, used with the aged:

|. (1) inpedence audionetry,

(2) Bekesy audionetry.

1. Special tests.

(1) SISI.
(2) Adaptation.

I I'1. Binaural hearing ability.
(1) Directional hearing, | ocalizationVs

| ateralization.

| V. Tests of Brainstem]l esions.
(1) Brainstemresponse audionetry.

(2) Masking Level Difference.
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CHAPTER - Il

METHODOL OGY

The purpose of the present study was to provide
nornative data on speech discrimnation as a function of

age.

TEST NATER AL

This study utilized two types of nmaterials which are

as fol |l owns;

(a) Test of English ability: This was devel oped at the

Central institute of English and Forei gn | anguages. This
test waa admni stered as a screening procedure to sel ect
those who are proficient in English. The test itens were
val ued for 100 points. A cut off level of 50 points was
chosen and thus the subjects with the m ni numscore of

50 points were included in the study (Appendix - |).

(b) Speech material: Two kinds of Speech naterial were

used:
(i) dDw1 (list A - Spondee word |ist devel oped
by Hrsh et. al (1952) was used for the estimation
of the Speech Reception Threshol d( SRT) (Appendi x 11) .
(ii) The CNC syllables were used to test the Speech
D scrimnation. The four lists of the FormA of

the NN U auditory test No.6 were used (Appendi X



3.2

RECCRD NG PROCEDURE

The test stimuli were recorded i n an anechoi ¢ chanber
usi ng the tape recorder (Qundig TK 745) with a m crophone
(ASM 331). The recordings were done at a tape speed of

7%1 nches per second.

The recordi ng was made by an young adult nal e tal ker

aged 24 years.

The spondees were recorded with a carrier phrase
"Youw !l say =~ ". The level of the carrier
phrase was maintained to peak at 0, while the spondees
was allowed to followin a natural manner. Between
successi ve spondes, a 5 seconds silent interval was given

to allowthe subject to give an oral response.

simlarly, the nono-syllabic words were al so recorded.
Bet ween successive words, a silent interval of 8 seconds
was gi ven which allowed the subject to give witten

Fesponses.

The recorded nmaterial were then fed to the G aphic
Level Recorder through audionetric tape input. The |evel
of all the words of all lists were recorded on the |eve
recorder. Peak average was found i ndividually for each
list. A 1QOOOHz tone was recorded froma standard audi onet er
(Beltone 200 c) prior to the onset of stimuli for each
list. The intensity of this | 000Hz tone is such adjusted that

it is equivalent to the average peak anplitude.



3.3
| NSTRUVENTATI ON

The data was collected using a two channel audi oneter
(Madsen B 70) and a Stereo tape recorder (Uher SG 631).
The output of the tape recorder formed the input of the
audi oneter, fromwhere, the speech stimuli is deliveredto

the ears through TDH 39 ear phones with MX 41- AR cushi ons.

The audi oneter was periodically calibrated to ANSI
(1971) specifications. The calibration procedure is

gi ven i n Appendi x | V.

The frequency response characteristics of the earphones

used in the investigations is represented i n Appendi x V.

TEST ENVI RONVENT

The testing was carried out in a sound treated two
roomsituation. Anbient noise |evel was neasured and it

was found to be within the standard specified |evels

(Appendi x VI) .
SUBJECTS

Seventy five nmal e subjects who were non-native speakers
of English were randomy selected for this study. The
age range of the subjects was from19 years to 77 years.
The subjects were categorized into five age groups with

fifteen in each group.



3. 4.

Mean Age in Medi an Age in

Years Year S
I G oup 19-29 Years 23. 4 23
Il G oup 3039 Years 34.1 33
1l G oup 40- 49 Years 44. 96 44
|V G oup 50-60 Years 55.5 56
V. Goup 60 and above 64. 6 63

CR TER A FOR SELECTI ON OF SUBJECTS

(a) The subjects under the study were non-native speakers
of English residing in India.

(b) Al the subjects were required to pass the test of
English ability.

(c) The subjects shoul d have had a normal hearing acuity
bilaterally in all frequencies 250 Hz through 8000 Hz and
t he exhibited Air-Bone gap shoul d be |less than 10 dB(ANS
1969). The nornative data on pure tone threshol dsdndrani,
1981) was utilized in neeting the normal hearing acuity

criteria as a function of age (Appendix VII).

TEST PROCEDURE

This involved three steps:

(i) Pure tone threshold testing and establishing pure-
t one average?
(11) Speech Reception Threshol d testing; and

(1i1) Speech Discrimnation testing.



3.5

(i) Pure-tone threshold testing:

Al'l the subjects were subjected to pure-tone testing
via both air conduction and bone conduction. The threshol ds
wer e obtai ned using nodi fi ed Hughson-\Wst | ake procedure

(Carhart and Jerger, 1959).

(1) Speech Reception Threshol d test procedure:

Fol | owi ng the pure tone audi onetry, the Speech Reception
Threshold of the test ear was determned with CCDW |1 st.
The better ear was selected as the test ear for all the

subj ects irrespective of their age groups.

The subject was first famliarized wwth the entire
list by reading the list to the subject in a face to face
situation. The instruction for this task was given as:

"You wi Il hear recorded words like ......

armchair, airplane, base ball....(in an
al phabetical order).. Al these words wi ||
be preceded by the phrase 'You will say...'
You have to repeat the word that follows
this phrase. |If you are not sure of the

word try to guess”.

To determ ne Speech Reception Threshol d, two spondees
were presented initially at 30 dBHL. |f both the words
were repeated correctly, the intensity was decreased by

10 dB steps. At each |l evel two spondees were presented.



3.6

This intensity was reduced in 10 dB steps until the subject
failed to repeat both the spondees; At this level the intensity
was increased by 8 dB and two spondees were given at this

| evel . The level was decreased in 2 dB steps with two

spondees at each |evel. The descent continued till the

subject mssed five out of six words. The |owest |evel

at whi ch the subject repeated both words correctly m nus

1 dB for those words repeated correctly fromthen on, was

taken as the Speech Reception Threshold ( SRT).

(iii) Speech D scrimnation test procedure:

Speech discrimnation ability was determ ned using
the four CNCword lists of N.U auditory test No.6 FormA
at five presentation levels viz., 8, 16, 24, 32, 40 dBSL
above SRT. All the four lists were heard by all the
subj ects but at different sensations | evels. This was
made possible using list [evel conbinations for the
fifteen subjects in each group based on random number
table (M Call 1970).

The criteria used for assigning the levels to
different subjects were
(1) no list would be presented nore than once to any subject;

(2) no level will be repeated for any subject.

The subj ect was given four response sheets on which

he was required to wite down the response.



3.7

The subject was instructed as foll ows:
"You Wi I | hear four lists of words having fifty words in
each list. Sonme lists will be | ouder than the others.
Wite down the word that follows the phrase 'You wll

say. . ... .. i f you do not understand, try to guess;
If you fail to guess, |eave the blank against that

serial nunber and go on to the next".

The lists were presented at the previously assi gned

| evel s; All the four lists were presented in a single session.
SQOR NG

The data will be scored based on the witten response
of the subject. Each correct response will be given a
wei ght age of 2% Total percentage of correct responses
at each | evel was conputed for each |ist; The scores were
conputed simlarly for all the age groups. The scores
obt ai ned were subjected to appropriate statistical

treat nent.



CHAPTER -1V

RESULTS

The data coll ected was subjected to various statistica
anal ysis. The various neasures obtai ned were neasures of
central tendency, neasures of variability and Two-way

anal ysi s of variance.

Two neasures of central tendency viz nean and nedi an
were calculated for all the four lists at five sensation
| evel s and for each group separately. The dispersion of
the scores were al so determ ned by conputing standard devi -
ation. The val ues of nean, nedi an and standard devi ati on

are givenin Table I'I.

Mean val ues were used for plotting the articulation
function for the five sensation levels. This is depicted

inthe Figure - 1.

Ef fect of |evel:-

FromTable 11, it may be observed that in general,
di scrimnation scores increased with increase in sensation
level. This is seen for all the five age groups, vari a-
bility inthe scores is not systematic across the sensation

| evel with exception for group Il (40 - 49 years).

Articulation function for the five age groups are

shown in Figure-1. It nmay be noted that the speech di s-
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4.3

crimnation scores increased with increase in sensation
| evel . None of the age groups showed a plateau in their
function, indicating that the scores may inprove at higher

sensation | evel s.

The sl opes of the articulation functi on was conput ed

between 8 dB - 16 dBSL for each group.

In addition to the above neasures, the dispersion of
the scores with respect to age was plotted agai nst five
sensation |level to check for the necessity for ANOVA
These regression curves are givenin the Figures. 2 to 6.
Based en these regression curves, the follow ng are
evi dent : -

i. There is reduction of speech discrimnation
ability for all the age group especially at the | owest
sensation | evel ie. 8dBSL.

ii. The speech discrimnation scores inprove with
i ncrease in sensation level for all age groups;

These indicated the need for ANOVA to be conput ed.
This was carried out to check the main effects of lists
and levels and the interaction between the two. The
findings are givenin Table Il to VII. D fferences
anong the sensation | evel was significant at 0.01%

| evel .
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Inter Test D fferences-

D fferences anong the lists were not significant at
0. 01.

Interaction Effects: -

I nteraction between |ists and sensation | evel was
not significant at both the levels, since the four lists
are equi val ent, the ANOVA was conputed to find out the
effects of age and sensation |level and the interaction
between them Here again, the interaction effect of

sensation | evel vs age was not significant.

Effect of age: -

The Two - ways ANOVA of this factor is given in
Table VI11. D fferences anong the five age group was;
significant across five sensation levels at 0.01%I evel .
It is evident that speech discrimnation scores decreases

as a function of age.
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cHAPTER —V

DI SCUSSI ON

The results of the present study are discussed al ong

the follow ng |ines.

Ef fect of sensation |evel:

The effect of sensation |evel on the nean performnmance
across various age group is depicted in the articul ation

function curve (Fig. 1).

The articulation function for the five age groups
show that the scores increase with increase in sensation
| evel , in none of the age groups was a pl at eau exhi bit ed,
indicating that the scores may inprove further at higher

sensati on | evel s.

The slope of the articulation function was conput ed
between 8 and 16 dBSL for the five age groups which are

as foll ows: -

2.87%/ dB for 19 - 29 age group, 3.5%/ dB for 30-
39 years, 2.75%/dB for 40 - 49 group, 3.13%/ dB for 50-
59 years and finally 2.87%/dB for 60 years and above.

Simlar findings have been reported by Hrsh et al
(1959) where the nornmal young |isteners achieved an intelli-
gibility inprovenent of 5%/ dB fromO - | QdBSL. This

inplies that articulation function of the present study
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has a nore gradual slope than that obtained by H rsh et al
(1959).

It may al so be noted fromTable | that the discrim-
nati on scores inprove with an increase in the sensation
level. This consistently found across all five age groups.
But the variability is not systenatic across the five
sensation levels especially for the young and the ol der
age group. Variability seens to be fairly systematic
across sensation |evel sfor other three groups. These
findings are in variance with Punch and Mc Connel (1969),
R ntel mann, Schumai er and Jetty (1974) , Malini, (1981),
where the variability decreased with increase in sensation
| evel s. This difference between the studies can be attri-
buted to the recording procedure in the present study.

The speech nmaterials were recorded i n an anechoi ¢ chanber.
Thus the speech is devoid of the normal conmuni cation

envi ronnental characteristics.

However the nmean scores obtained at any sensation
level in the present study is consistently | ower than those
obt ai ned by Punch & Mc Connel | (1969), Bl unen, Bergh (1969)
and Kasden (1970).

This difference in the scores can be attributed to
the type of speech stimuli used. Both the studies by
Punch and Mc Connel I (1969) and Kasden (1970) used 4 D W2
and Blunen et al (1969) used Rhyne tests of Fairbank's (1958)
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The present study utilized NU auditory test No.6. dD

W22 has been found to be easier than any other tests |ike
Harvard PB lists or NU auditory test No. 6 (Carhart 1965).
More over, O D W2 gave high scores at a sensation |eve

of 25 dB while high scores are obtained only at 40 dBSL

in the present study. This can be attributed to the greater
famliarity of the words and speaker intelligibility
especially at |ower sensation |evel s(owens 1962; Goet zi nger

1972) .

Inter test difference:-

The ANOVA of lists vs level and their interaction
i ndi cated that there were no significant differences anong
the lists. Hence it proves the hypothesis that all the
four lists of formA of NU auditory test No.6 are equi -
valent. The results of the present study corresponds to
the earlier investigations by R ntel mann, Schunai er and
Burchfield 1974; Schunmaier, penley and R ntel nann 1974;
This finding does not agree with the Indian study by
Malini (1981) where there is difference between the |ists.
Thi s di sagreenment anong the two I ndian studies nmay be due

to the tal ker difference.

Interaction effect: -

The interaction effect between the lists and the

sensation levels was not significant at 0.0l |evel.
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Simlarly, there is no significant interaction between age

and sensation |evels.

Age effect: -

The results obtained in the present study reveal ed
a decrease in speech discrimnatory ability with age. Mean
di scrimnation scores decreased consistently as the age
advances. Fromthis it is also evident that
(1) group Il (people inthe third decade) perforned
better than group | (people in the second decade).
(2) group Il did better than any ot her age group.
(3) Simlar performances have been observed in the group Il
and |V (between the 4th and 5th decade).
(4) group V had poor discrimnation conpared to all other
groups. At higher sensation |evel very slight diffe-

rences existed between the successive age groups.

The results of the present study agree with the
findings of Gaeth (1948), Coetzinger (1961), Fel dman and
Reger (1969), Punch and M Connel | (1969), Bl unenfeld,
Bergman and M |l er (1969), Kasden (1970) and Gang (1976)
that the speech discrimnation scores decrease as the

age advances.

The performance of the ol der group in the present
study was consistently lower than that of subjects by
Kasden's (1970), or punch and Mc Connel |'s (1969) st udy.
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and Bergman, Blunenfeld and MIler (1969). However these
studi es cannot be conpared directly for the follow ng
reasons: -

(1) Difference in material: The present study used
NU auditory test No.6 and the other studies except for
Bl unen et al (1969) who used CID W22. As discussed earlier
CIDW22 is reported to be an easier test than NU auditory
test No.6. Blunmenfeld et al (1969) used Rhyne test in
their study. This test involved a closed set response
(Fai rbanks, 1958). Thus the listener inthis tests is
given a multiple choice fromwhich he/she is able to pick
up a response. This is conparatively easier than open

set tests which involves nore guessing w thout any clues.

(2) Difference in recording procedure: in addition
to the above nentioned factors, the recording were made
i n an anechoi ¢ chanber in the present study while recordings

were made in the sound treated roomin the other three studies.

(3) The presentation levels used: This varied in
all the four studies. The present study utilized five
sensation |l evels viz 8dBSL, 16dBSL, 24dBSL, 32dBSL and
40dBSL whi | e Kasden (1970) used | 0dBSL, 20dBSL, 30dBSL,
40dBSL and 50dBSL. Punch and Mc Connel |l (1969) used only
four levels viz- 10, 20, 30 and 40 dB, and Bergaman et al

(1969) used only at 35dBSL. Hence the conparison can be
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nmade only between the closer sensation |evels ie 30/32:
and 40 dBSL. This difference could be attributed to
the fact that:- (in the discrimnation scores between studies)

. NJauditory test No.6 is a nore difficult test
of speech di scrim nation.

Ii. According to Linden (1965 cited in Geffner and
Danovan 1974) reported that in a case with slowy progressive
hearing | oss, with nornmal hearing at frequenci es bel ow 2000HZ,
di scrimnation score obtai ned using W22 was not affected.

This may be the reason as to why ol der subjects did not
performequal |y poorly on the two tests.

Iii. The subjects in the present study were non native
speakers of English which the other studies included rel a-
tively younger subjects of native speakers of English.

Thi s has been supported by the cross | anguage st udi es,

Mor eover, according to Singh (1966) the subjects native

| anguage i nfl uences their perception of speech sounds. The
present study included subjects who had different native

| anguage. This may account for the poorer scores by the

non native speaker of English.

To concl ude despite the difference in speech nateri al,
recording and sensation |levels used in these studies,
they all support that 1. speech discrimnation increases,
with the increase in sensation levels and 2. the ol der groups
performpoorer than the younger individual at all sensation

| evel s.



CHAPTER - VI

SUMMARY AND CONCLUSI ON

The present investigation was undertaken to study
the effect of aging on the speech discrimnation ability
- anong a group of subjects of Indian nationality. A
sanpl e of seventy five mal e subjects were selected. The
sanpl e was categorized into five age groups baaed on the
age factor: 19 - 29 years, 30 - 39 years, 40 - 49 yeara,
50 - 59 years and 60 and above, each age group consisting

of fifteen subjects.

The subjects had to have nornmal hearing in both ears,

at frequency from250 Hz - 8KHz at Cctave intervals even

at 6KHZ. Nornmal hearing for the each group was deci ded
based on the norns given by Indrani (1981). in addition

t he subjects have to give a negative history of any kind

of ear abnornalities, structural and functional prior to

as well as at the tinme of testing, etc. Mre over, they
had to obtain a score of atleast 50%an the test of English

ability (A EFL 1980).

Speech reception testing was done for each subjects
using the ODW test material. Following this the four
lists of FormA of NU- auditory test No.6 were presented
to evaluate the speech discrimnation ability. The speech
stimuli were tape recorded and presented through the tape

i nput of a clinical audioneter (Madsen CB 70) at five



levels viz 8, 16, 24, 32 and 40 dB SL re SRT. The |ist
| evel conbi nati ons were conputed based on t he random nunber

table and al so the order of presentation was chosen randomy.

The scores obtained were subjected to the neasures of
central tendency and the neasure of variability, in

addition Two - Way anal ysis of variance was al so conput ed.

Based on the results of the analysis, the follow ng
concl usi ons nmay be drawn: -

| . Speech discrimnation scores increase with the
I ncrease in sensation |evels.

ii. This increment with raise in sensation level is
observed across all the five age groups.

iii. There is decrease in the speech discrimnation
ability as the age advances. The individuals in the second
decade and third decade age group perforned al nost simlarly.
Simlar performance is also noted between 40 - 50 years
age group and 50 - 60 years age group. Beyond 40 years
of age the speech discrimnation ability is poorer conpared
to the younger popul ations. This decrenent in this ability
Is the nost for the ol der group (60 and above age group
thus reflecting the speech perceptual problemanong the aged.

iv. Al the four lists of FormA of NU auditory test

Nb. 6 were equi val ent.
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Suggestions for further research: -

1. To assess the clinical atility of NU auditory

test No. 6 using the Indian popul ation.

2. To evaluate the speech discrimnation ability
anong the fenal e subjects as a function of age and to see

if there is any effect of sex on such ability.

3. To admnister this test to the population in the
age range of ayears to 18 years, to see if this test can

be utilized for the children and adol escent subjects.

4. To anal yze and conpare the errors in discrimna-

tion made by the subjects in the different age groups.

*O* 0* 0* O* 0* O* O* 0* O*
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A TEST OF ENGLI SH ABI LI TY
(CEFL DB 2B 1980)

SECTION A

(1) Wite suitable articles in the blanks in the follow ng

sent ence
(1) This is wor st thing that could have happened
(2) M. Shankar is honest man.

(I'') Wite suitable prepositions in the blanks in the

foll owi ng sentences

1. He was born t he summer 1969.

2. She fell unconscious heari ng the shocking news.

(I'1'1) Wite suitable pronouns in the blanks in the follow pg
sent ences

1. The children have gone for a holiday with parents.

2. is this cycle ? 1've seen you using it.

(1V) Wite suitable articles, prepositions or pronouns in hhe

bl anks in the follow ng sentences.

1. The children are scared of himbecause shouts at

2. The doctor has advised to live fruits
al one as he found that she had very bad |iver.

3. There are nunber of good filns in Hyderabad now. |
want to see themall. To do that, | nust see themat
rate of one a day. Even them | amafraid | may m ss

sone t hem
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(V) Insert suitable articles, prepositions or pronouns

wherever necessary in the follow ng sentences.
Exanple: M. Everest is the highest peak in the world.
1. As thereis lot of noney in bank thieves are attracted
by it.
2. | asked the teacher to explain ne the newtopic in
Sci ence.
3. The Principal wants you to informas soon as you
arrive.
4. Tal ki ng about the accident, she said she had seen
with own eyes.

5. If you are in need of anything ask it.

SECTION B

(1) insert the right formof the verb given in brackets

into each of the follow ng sentences.

1. He (go) there yesterday.

2. She (go) to school by bus everyday.

3. | nust (neet) the Principal tonorrow.

4. He (have) his tea when | (t el ephone)

hi m yest er day.

5. He (l'itve) here since 1934.
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(I1) Put a mark against all the sentences which are
grammatically correct and an (X) mark agai nst those

not granmatically correct.

1. Last year | walk to school everyday. I
2. Last year | have wal ked to school everyday. / /
3. Last year | wal ked to school everyday. / /
4. Last year | was wal k to school every day. / /
5. Hari did not canme to class. / /
6. Hari has not cone to cl ass. / /
7. Hari has not came to cl ass. / /
8. Hari does not cone to class. A /
9. Kanal was been swi nmmng since sunrise. / /
10. Kamal swi nmmng since sunrise. A /
11. Kamal sw ns since sunrise. / /
12. Kamal has been swi mm ng since sunrise. / /

(111) Make questions whose answers wil| be the follow ng

statenents, wuse the words given in brackets to begin

t he questions.
1. The students |ike science fiction. (Wat)

2. Hari has broken ny gl asses. (Wose)

3. The children go to school by bus. (How



Appendi x | Conti nued

SECTION C

(1) Read each sentence and decide if there is an error in any

underlined part, wite the letter of the wong part in
the box. |If thereis noerror wite DO (NE stands for
'NO ERRCR )

1. An object normal |y becones hot when place it in the sun. (N§
A B C D
2. Ranjit and his sister are studying in sane school . (NE) / /
A B Ccd
3. Balu and brother cane to ny house last night. (N [ [/
A BCD
4. She does not know anyone who works in that office.(Ng) / /
A B C D
5. Wy did you gave hi mny book? (Ng) / /
A B C D
6. | did not been able to pay ny fees yet. (Ng / /
A BC D
7. It was difficult for me to hearing the speaker. (Ng) //
A B C D
8. The police conplain that cyclists sel domobserve traffic
A B C
rul es. (NB) I
9. Mdther asked to ny friends why they were |eaving so
A B
soon. (NE) / /
c D
10. | still do not understand that how a st eam engi ne wor ks.
A B C
(NE) /_/
D
11. Youw |l |ose your purse unless you are not careful.
B C

A
(NE) / /
D
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12. W searched everywhere but could not anywhere find the

A B C
wat ch. (NB) 1
D
13. Afriend of her told ne that she has passed. (Ng) /
A B C D
14. The Principal hinself nust sign both the copies
A B
of the application. (NB) / /
C D
15. | was sure he would join this college al though he did
A B C
not do so. (NB)
D
SECTICN D
(I') select words fromthe list given to fill in the bl anks

i n the sent ences:

Li st of words:

1.

2.

3.

S what who al t hough
are when whom because
was wher e whose However
wer e whi ch t hat therefore
am whi | e so t hat but

He | eft the place early he coul d reach ho

bef ore sunri se.

| thought he would join the college he did not
do so.
When | tel ephoned hi myesterday he told ne he

returning only next week.




Appendi x i conti nued

4. are the candi dat es are to be

I ntervi ened today?
5. He does not have the needed qualifications.  he
has been gi ven a tenporary appoi ntnent.
6. ---------- the rains cane |late, farmers are hopeful of
a good crop.
(1) Rewite the follow ng sentences correcting the m stakes
i n them

1. He used to laughing at others.

2. How you open this gate?

3. He has left the college in 1978.

4. can you tell how does it work?

5. Havi ng booking the ticket nmuch in advance, we enjoyed a

confortabl e journey.

6. The man whom | net himyesterday is the new warden

SECTICN E

Read each passage and the statenents that followit. Decide
whet her each statenment is true or false, according to the
passage, and put a/ [/ or a/ X/ in the box.

() Rani asked Raju if he wished to own a scooter. He said he
did not m nd spending seven t housand rupees on buyi ng one.
But he could not spend two hundred rupees a nonth just
for maintaining it.
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1. Rani wants tosell ascooter for Rs. 7000/-/ [

2. Raju cannot inmagine spending so much noney on a scooter./ |/

3. Rajucan affordto pay Rs. 7000/- for a scooter. / /

4. Raj uthinks that maintainingascooter i sexpensive.//

(I1) "Not" said Julie's father, "it's not right to keep a
do? inaflat inthe mddle of abigtow. Wit for
a fewweeks. Then we will have our own house with a
gar den".

5. Julie had asked her father toget a pet dog. / /

6. Julie's father does not |ike pet dogs. //

7. Julie's famly were about to nmove to a new house. / /

(1'11) When ny aunt was young there was no electricity or
running water in the house. She used to walk half a
mle everyday to fetch water fromthe village well.

8. My aunt wal ks half a mle everyday. / /
9. She does not go to the village well now. / /
10. She usual ly fetches water fromthe well. / /

(IV) W lived in Hyderabad man¥ years ago. W were there
for four years. Thep ny famly noved to Madras, we
haven't been to Hyderabad since then.

11. We are now living in Madras. / /

12. W used to live in Hyderabad. / /

13. we visited Madras from Hyderabad four years ago. [ /

14. W lived in Madras for four years before returning to
Hyder abad. / /
15. W haven't visited Hyderabad for nany years now. /
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SECTION F

(I) Read the passage carefully and answer the questions
that foll ow

The frail man wearing a jibba and dark gl asses, and carrying
a wal king stick, was a famliar fi?ure all over India, one
day, people returning home fromoffices in Madras were
surFrised to find himwal king along the road to the centra
Rai lway station just like an ordinary man. There were
surprised | ooks and excited inquiries, people asked one
another, "Wiy is he walking in this crowd? It could be

dangerous”. The man they were tal king about was Chakravart hi
Raj agopal achari, The Chief Mnister of Madras state, when
Rajaji, as he was popularly and affectionately known, was

asked why he was going to the station on foot, he had a
sinPIe answer. He had actually conme by car. But the
trarfic jamnear the station had forced the car to stop.
He had to reach the station in tinme, so he had got out of
the car and was wal king, 1in any case, he did not see any
reason why he should not walk a few steps wen though he
was the Chief Mnister of the State.

1. At what tine of day did people see Rajaji wal king on the

road?
(a) early in the norning (c) at about 10.00 a.m
(b) late at night. (d) at about 5.00 p.m I

2. What information supports your answer to question 1?

a) He was carrying a wal king sti ck.

b) He was wearing dark gl asses.
c) The road near the station was crowded.

d) People were returning home fromoffices.
3. There were surprised |ooks and excited enquiries because

a) it was dangerous for a mnister towalk ina crowd.

b) Rajaji's train m ght have been del ayed.

cg the Chief Mnister was malkin? al ong the road.

d) the crowd had forced the chief Mnister's car to stop
but he was facing the situation bravely. /

4. Rajaji's reason for walking to the station was that

ag he believed in sinple Gandhi an principles.

b) he thought wal ki ng would be nmore effective in the
traffic jam

c) his popularity depended on being close to the comobn man.
d) the crowded was hostile and he woul d be safe; in t?e
station.



Appendi x | conti nued

5. "in any case, he did not see any reason why he shoul d

not walk " This statenent indicates that Rajagir

felt that mnisters should

a) always wal k and set an exanpl e.

be prepared to wal k whenever it seened necessary.

c) wal k on the steps of buildings, not on the roads.

d) help prevent traffic jans by not using bigh official

/1

6. Find the word nearest in neaning to the word in
capi tal s which occurs in the passage.

FRAIL: a) fierce b) weak c) inportant d) sinple/ /

| NQU RIES: a) runmours b) slogans c) questions d) notices

/1
ACTUALLY: a) really b)usually c) earlier d) accidentally

/|
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10.
11.
12.
13.
14.
15.
16.
17.
18.

G ey hound
School boy
| nk wel |
Wi t e wash
Pan cake
nouse trap
Ear drum
head | i ght
bi rt hday
duck pond
si de wal k
hot dog
padl ock
nmushr oom
har d war e
wor kshop
Hor se shoe
armchair
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19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

base bal

St ai rway
Cowboy

| ceberg
Nort h west
Rai | road
pl ay ground
ai rpl ane
wood wor k
oat neal

t oot h brush
Fare wel |
gr andson

dr awbri dge
door nmat
hot house
day break
sun set
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Appendi X

N.UAuditory test No: 6

CO®NE U AN R

Li st | List Il List II1 List IV
Land pi ck base pass
boat room nmess dol |
pool ni ce cause back
nag sai d nmop red
i nb fail good wash
shout sout h | uck sour
sub white wal k bone
Vi ne keep yout h get

di ne dead pai n wheat
goose | oaf date t hunb
whi p dab pear | sad

t ough nunb sear ch yearn
puf f j uice ditch wfe
keen chi ef tal k such
deat h ner ge si ng neat
Sel | wag germ peg
Take rain life nob
fall witch t eam gas
rai se soap lid check
third young pol e join
gap ton r oad | ease
bat key shal | | ong
met calm | at e chain
j ar t ool cheek bi |
door pi ke beg hol e

Cont i nued. . .
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26.
21.
28.
29.

30

31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

42.
43.
44.
45.
46.
47,
48.
49.

50.

Li st | List 11 List 111 List 1V
| ove ml | gun | ean
sure hush j ug t ape
knock shack sheep tire
choi ce read five dip
hash r ot rush rose
| ot hat e rush rose
raid live voi d fit
hur | book wre make
nmoon Voi ce hal f vot e
page gaze not e j udge
yes pad when f ood
reach t hought nane ri pe
Ki ng bought thin have
horre turn tell r ough
rag chair bar ki ck
Wi ch or | ose nouse | ose
witch

week bite hire near
si ze haze cab per ch
node mat ch hi t shirt
bean | earn chat bat h
tip shawl phone tine
chal k deep Soup hal |
jail gin dodge nmood
burn goal si ze dog
Kite far Cool shoul d

0*0*0*0*0**0*0



Appendi X |V

CALI BRATI ON PROCEDURE

The procedure adopted for the 1. Cablibration of

t he Audi oneter was aa foll ows:

1.1. For the calibration of intensity, the test earphone
(TDH 39) of the audi ometer was coupled with an Artificial
Ear (Bruel & Kjaer 4152 w th condensor m crophone Bruel &
Kjaer 4144). This systemwas then connected to a SPL neter
(Bruel & Kjaer 2209). The attenuator dial of the

audi oneter was set at 70 dB HTL, then the output of the
audi oneter at each frequency across 250 Hz to 8000 Hz

was neasur ed.

Simlarly, Bone conduction calibration was done at
the audionmetric output at 40 dB HL and instead of artificial
ear, artificial mastoi d(Bruel & Kjaer 4930) was pl aced

in the system

Wienever the difference between the observed SPL
val ue and the expected value was nore than 2.5 dB, internal
calibration was done by adjusting the preset in the
audi oneter. Thus the output |evels of the audi oneter was

well within 2.5 dBwith reference to the standards.

1.2. To ensure the accuracy of the test frequencies, the

out put of the earphone was fed to the frequency counter
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(Rodart 203). Miintaining the intensity at a Constant
| evel , the frequencies were swept from 250 Hz t hrough
80G0 Hz. The corresponding red out for each frequency

were found to be within the permssible imts.

2. calibration of Tape | nput:

This was carried out through two different neasure-
ment s:
2.1. To check if there is any msnatch between the tape
out put and the audioneter input, the follow ng procedure

was used:

Four puretones of frequencies 250, 500, 1000 and

2000 Hz were recorded on a nmagnetic tape using the

el ectrical output of a clinical audioneter(Beltone 200 C) .
The tape recorded output was then given to the tape input
of the audi oneter(Madsen OB 70). The levels of the 250,
500 and 2000 Hz tone were found to be within +3 dBw th
reference to the 1000 Hz tone(at 70 dB HL). Thus it was
established that there was no m snatch between the tape

recorder output and the tape input of the audi oneter.

2.2. To check the tape output of the audi oneter, a speech
spectrum noi se was used. The noi se was recorded on a
magnetic tape, using the sane tape recorder. The tape was

then played wi th the output being given to the earphone
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t hrough the audi oneter. The intensity dial reading of the
audi oneter was 70 dB HL. The SPL val ue obtai ned was 90dB SPL

which is in agreenent with the ANSI specifications.

3. Earphone frequency response characteristics

The output fromthe beat frequency oscill ator(Bruel
& Kjaer type 1022) was given to the artificial ear(Bruel &
Kjaer 4152). The output fromthe test earphone was
given to an audi o-frequency anal yzer (Bruel & Kjaer 2107).
The out put fromthe anal yzer was given to a Level
recorder (Bruel & Kjaer 2305). As the beat frequency
oscillator scanned through the frequency range from 20 Hz
to 20 KHz, the graphical recording of the frequency response
of the earphone was obtained. The response curve is given

I n Appendi x V.
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The Noise levels in the test roomwere as foll ows:

125 30
250 21
500 12
1000 12
2000 10
4000 10
8000 10
C Scal e 33

*O*O*O*O**O*O**O*O**
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