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CHAPTER - |

| NTRODUCT! ON

Human society relies heavily on the free and easy
interchange of ideas anong its nenbers. This speech is
suitable for w despread use under the constantly changi ng and

varied conditions of life. It is suitable because it renains

functionally unaffected.

The voice quality is one of the nopst inportant
characteristics of speech. Anong the characteristics of voice
gquality of voice is one of the poorly defined term and which
needs lots of research to quantify it as well as to define
The quality of voice is greatly affected by presence of
nasality. 0] the various deviations and deficiencies
exhibited by individuals wth cleft of the lip and palate,
the nost inportant are those involving the process of speech
communi cation. Individuals with cleft palates exhibits a
voice deviation usually referred to as "Nasality" Eckel man

and Bal dridge (1945), Vanriper and Irwin (1958).

Nasal consonants are found in virtually every |anguage
and nasalized vowels in about one out of five (Ferguson
(1963), Maddi eson, (1984). So the nasal resonance is a highly

distinctive, readily perceived acoustic quality which may be



mxed with orally produced sounds to invoke specific phonetic
contrasts. The penetrating quality of nasality as an
acoustic property is wunacceptable to listeners when it is

injected dom nantly and nonphonetically into speech.

Despite its easily recognized presence, the degree of
excessive nasality in speech has been shown to be difficult
to establish perceptually Bracdford, Brooks and Shelton
(1964), Cunihan and Cullinan (1970), Watterson and Emanue
(1981).

Wien nasal resonance exceeds sone as yet undeterm ned

level, it is noticed. At some point above this |evel of
detection it is perceived as abnormal. The voice is then
judged as "Hypernasal". Different |isteners vary in where

they would |ocate the boundaries between normal, noticeably
nasal and hypernasal voice quality Fletcher (1972). Perhaps
because of the variable possibly fluctuating, basel i ne
listeners apply in judging perceived nasality, establishing
normal limts for this voice quality has presented a serious

chal  enge in diagnosis and managenent of cases with nasality.

Sone attenpts have been nmade to neasures this
objectively using instrunents. The ultimate purpose of
instrumentation 1is to inprove nmanagenent accuracy and

repeatability in difficult diagnostic and treatnent task.



Hypernasality is the nost commonly seen voice problemin
cleft palate and others. Both its presence and magni tude are
i nportant diagnostically and therapeutically. The neasurenent
of these facets of nasality has occupied clinical and
experinental interest for several decades, several attenpts
have been to develop different nmethods to neasure nasality.
Among them are tried by Fletcher and Bishop (1970) is one.
They conpared acoustic output from the nasal and ora
chanbers of TONAR - |l and judgenent ratings of nasality in a
passage spoken by 20 subj ect s W th vel ophar yngeal
insufficiency. They found that there was agreenent between

the judgenental scores and the instrunental ratings.

Fl et cher (1978) examned the relationship between
perceived nasality and nasal ance scores by Nasoneter. He
found that correspondingly higher agreenent between the
instrunmental scores and subjective ratings, suggest that the
perceptual and instrunental observation had a conmon basis.

But he also reported that the instrunmentation provided
explicit information wth respect to certain ranges of nasa
resonance that were particularly difficult for listeners to
resolve. The gaining of experience prior to judging of
nasality. O herwise the listeners are only capable of
identifying two extremty that is "Normal" and "Abnormal"
Were as in the mdrange where |isteners to |istener

variability was high.



Need for the study :-

There is no idle instrunent available for the
measurenent of the nasality with neaningful differentiation
of the degree of nasal resonance. So the present study was
carried out to find the efficacy of the Nasoneter instrunent
based on principles of instrunent used by Fletcher (1978).
And check whether is it possible to use this instrunment for
the routine clinical assessnment by developing a standard

nasal ance scal e.

Statenment of the problem :-

The problem was to find an instrument which can be use
to nmeasure nasality and determne the relationship between
nasality rating by judges and objective neasurenent.

Hypot hesis :-
(1) There is no significant difference in nasal nace scores
bet ween speech sanples of normal subject :-

(1) Normal vowels (nonnasal) /a/, /il, lul.

(2) Nasalized vowels /al, [il, [ul.

(3) Denasalized vowels /al/, /il, [ul.

(4) Between Nasal sentences and Nonnasal sentences.

(2) There is no significant difference in Nasal ance scores
bet ween normal mal es and fenal es.

(3) There is no significant correlation between subjective
rating and objective rating of artificially produced nasality

by normal subjects.



(4) There is no significant correlation between subjective
rating and objective rating of nasality in cleft palate

cases.

| nplication :-
(1) Provides information about the efficacy of the

i nstrument.

(2) Provides information for differentiation of the
degree of nasal resonance.

(3) This information is helpful in diagnosis of cases
with nasality. It is also helpful in training of cleft palate

subj ect s.

Limtation :-
(1) Only 30 normal subjects were taken for the present

st udy.

(2) Only four cases with nasality were considered for

t he study.

Recommendati on : -

(1) This study can be conducted wth |arge nunber of

subjects of different age groups.
(2) The instrunent can be used clinically for diagnosis

and treatnent of nasality.



CHAPTER - |

REVI EW OF LI TERATURE

Nasalization is inportant in relation both to phonetic
and phonol ogi es sone consonants are produced nasaly and in
t he phonol ogi cal systens of some |anguages the nasalization
of vowels is phonologically significant. It is also inportant
because excessive nasalization is frequently considered to
constitute or contribute significantly to a speech disorder

Nasal i zation may be said to have occurred when the
coupling between oral and nasal <cavity is i ncreased
sufficiently to produce a perceptually significant change in
t he speech signals.

Moll  (1961); The nasal cavities are very conplexily
shaped convol uted cavities whose acoustic characteristics are
correspondi ngly conpl ex. Mor eover, the interaction between
the pharyngeal - oral tracts and the nasal cavities is
conplexily related to the extent of coupling between them
Wien the vel opharyngeal port is sufficiently open, sone of
the sound energy will be transmtted via this opening through
the nasal cavities and to the outside air. Thus, there may
be two transm ssions channels instead of just one, and the
manner in which the energy is divided between these two
channels is related not only to the &extent of the

vel ophar yngeal openi ng, but al so t he articul atory



configuration of the oral cavity eg. the degree of
constriction caused by elevation of the tongue, the anmount
of lip opening etc., consequently this division of energy
will be the variable function of frequency. Stated sone what
nore exactly, the division of sound energy between the two
channels will be related to the opposition to the flow of
energy through each. When concentrated wth oscillating
signals such as sound, this opposition to energy transm ssion
is correctly termed as inpedance [rather than resistance as
it would be dealing with a steady flow]. And it is
characteristic of the inpedance of transm ssion channel that
it varies with frequency. Since the greater proportion of
energy will be transmtted through the channel having the
| esser inpedance. The division of energy between the two
channel wll be inversely proportional to the ratio between
their respective inpedances. This ratio will vary not only
for different vowels but it will be a variable function of

frequency al so.

Nor mal vel opharyngeal function

X-ray studies have indicated that, in normal individuals
di spl acement of velum upward and backward contributes to
cl osure of the vel opharyngeal .

Bzoch KR, Cerber TM Aoba T (1959), studied 44 nornal
young adults during production of /p/, /bl/, [f/, Iw and /m

and reported that the velum is highest at its m ddl e segnent



and that its third quadrant neets the posterior wall of the
pharynx in sealing the vel opharyngeal port. They reported
that, usually, the mdpoint of contact between the velum and
the posterior pharyngeal wall was 3 to 4 nm bel ow the pal ata

pl ane. The highest point contact was approximately at the
pal atal plane and the highest point of the velar em nence was
4 to 5 mm above the palatal plane. Mazaheri MMIliad RT.
Erickson DM (1964) found vel opharyngeal contact to be bel ow

the pal atal plane is eight of ten normal subjects.

Vel opharyngeal closure, as observed in the sagittal view
from lateral X-ray films, 1is conpleted before onset of
phonation and is maintained until the person produces wther
a normal consonant or a vowel adjacent to a nasal consonant.
Even though vel opharyngeal closure is nmaintained through out
the oral portion of an utterance, the velumnoves upward and
downward in coarticulation with other articulators (Mll
1960). This notion appears to be normally programed so that
closure is firmer for those sounds which require greater

intraoral air pressure (Lubker 1975).

Variation in velar displacenment in different speech
contexts has been of special interest to speech pathol ogists.
Di ckson and Maue-Di ckson (1980) and warren and Hof f man (1961)
found from cineradiographic research that the velum did not
mal ntatin firm contact with the posterior wall during the

production of isolated sound.



Vowel articulation and nasality

Mol I (1962) studied velar height, extent of contact
bet ween velum and posterior pahryngeal wall, and gap between
vel um and posterior pharyngeal wall for four different vowels
produced by 10 normal adults. Data were obtained from
ci nefl ouragraphic film exposed at 24 frames per second. The
vowel /[i/,/x/,/ul, and /el were studied in isolation and CVC
syllable produced in the carrier phrase, "say again" each
syllable was initiated or arrested with fricatives, plosives,
affricatives, the liquid and the nasal appeared in either the

rel easing or arresting of each syllable.

Closure was not always achieved for vowels, opening
observed on 30 percent of the isolated vowels, 13 to 15
percent of the vowels in oral consonant contexts, and 89
percent of the vowels in /n/ context, Velar height, which may
be neasured regardl ess of vel opharyngeal closure, was greater
for vowels in nonnasal contexts. Vel ar heights were | owest
in nasal contexts (8.4 mm and ranged from 11.6 nm for the
context free from consonants to ;12.3 mm for /dz/. Vel ar
hei ght for the high vowels /i/ and /u/ averaged 12.4 nm each
conpared to 10.5 mm for /x/ and 10.6 mmfor /a/. D fference
between high and low vowels were statistically significant.
Were as the difference anong the high vowels were not. Data
for extent of velopharyngeal contact were simlar in pattern

to those for velar height.
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Di stance between the Velum and posterior wall was
studied only for vowels in nasal context because nost of the
measures ot her cont ext were  zero. That in, t he
vel opharyngeal port was closed. Mean gap were 2.45mmfor /i/,
2.03mm for /u/, 4.6mmfor /x/ and 4.0mmfor /a/. H gh vowels
were not significantly different from one another neither the

| ow vowel s.

These data suggests that the functions of the velum
varies systematically with context. According to M| (1962)
the variability velar height wth tongue height determ nes
vowel position may reflect the influence of the plutogl ossa
muscl e which connects the two structures. Different vowels
may require different degree of vel opharyngeal cl osure

hypernasality.

In another cineradiographic study MlIl and Shriner
(1967) reported that the Velumis elevated above its resting
position for nasal consonants. The di stance the vel um noves
bet ween nasal consonants and vowel decreases as the rate of
syl |l able production increases. Velar swing also increases
wth increase in rate of production of strings of /I/
syl | abl e. The vel opharyngeal port opens between syll ables
produced at one and two syllables per second, as it renains
closed when syllables are produced at rate of four per

second.
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Consonantal production and Nasality

In a study using a cinefluorography at 150 frames per
second, Mdl| and Daniloff (1971) reported that sonme contact
between the velum and the posterior pharyngeal wall was
observed in normal young adults speakers during all oral
nmovenents in NC, NCC, NCCC and NCN context. The |ast context
sandwi ched the oral consonant between two nasal consonants.
Two of their subjects did not close on /w or /|I/ when they
occurred in NVC contexts. In nmost NVC sequences novenent of
the Velum towards the closure began during the nasal
consonant, during novenent toward the vowel, or during vowel
production other articulatory effects observed are, in CN and
CCN sequences, the Vel um noved towards opening just before or
as the tongue tip noved towards the al veol ar contact for
/hl. They noted that in CWN sequences, velar opening, which
they associated wth the nasal consonant, occurring as nany
as two vowels before the nasal even though a word boundary

occurred wth in sequence.

Kuchn (1976) studied the vel opharyngeal/function of two
normal individuals uttering VCNV, VNCV syllables with the

phrase "say again" using cineradiography. The canera was
operated at 100 frames per second. Hs findings were as
fol | ows.

1. Subjects tended to drop the velum and show a |arge
vel opharyngeal opening on the /1/ in /alnal.

2. One subject dropped the velumon / s/ in /asha/.
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3. The velum remained higher for nasal consonants in
hi gh vowel than in |ow vowel contexts.

4. One subject noved the tongue tip before the pal ace
for some /s/ sounds in /say/, where as the other
subj ects always began vel ar novenent "well in advance of

tongue tip novenent for the / s/ sounds.

He also found that the information about the speed of
articulatory acts (1) Velar novenent was decreased during
nmore rapid speech. (2) the velum generally noved nore slowy
than the tongue. (3) The farther a structure had to nove,
the faster it tended to nove. (4) Speakers wth large
structures tended to nove their articulators farther and
faster than individuals with smaller structure. Kuchn (1976)
reported that measures of velocity, time distance varied

considerably from speaker to speaker and from context to

cont ext . The pattern of Velar novenent was simlar for each
subject from <context that even simlar in place of
articul ations. The displacenment Velum to contact the
phar yngeal wal | s in a maj or conponent of nor mal

vel opharyngeal cl osure.

Kunzel (1976) used velography to study velar height in

normal German speakers. He found velar heights to be a
greater for oral consonants than the vowels. He also
reported greater heights for plosives than for [Iiquids. He

al so reported greater heights for plosives than for |iquids.
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He found velar height to be greater in voiceless than in
voi ced plosives, for exanple in /lapn/ the release in oral

while /lapm in nasal

lglesias et al (1980) obtained lateral still X-ray filns
and frontal tonograns sinultaneously as normal speakers
sustained /z/, [In/, [il, [ful, [lal and [/Xx/. Vel ar
di spl acenent was neasur ed. Di spl acenent was significantly
greater for /z/ and the high vowels than for the |ow vowel s
and for /n/, and it was greater for the |low vowels than for
Inl, difference between front and back vowels were not
significant.

In summary, during speech, the Velum noves upward and
backward contacting the posterior wall of the pharynx a bit
bel ow pal atal plane. This notion usually begins prior to the
onset of an utterance is ended. However, the vel um noves up

and down in keeping wth context (coarticulation with the

tongue or achieving greater closure in Kkeeping wth
aer onechani cal requi renents) even t hough cl osure IS
mai nt ai ned. The el evated velum during speech as viewed in a

sagittal X-ray film in characterized by an em nance of
knuckl ed appearance. The extent of Velar displacenent
decreases with increased speech rate. The Velumis higher in
high vowels than in low vowls and higher in consonants,
requiring intraoral air pressure, than in vowels. There is

variability anong subjects in Velar function.
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Bzoch (1959) Nasalization in normal speech in inportant.
It contributes to the quality of voice. Oher w se the voice
will be sounding nuffled. Since the nasal cavities are also
i nportant resonator. These resonators have a greater effect

on the quality of voice.

Speech Probl ens due to Nasal resonance

As explained earlier nasal resonance is essential for
normal speech, to be used when ever required. However,
sonetines it nmay beconme nore or less or may not be avail able
even for normal production of speech. These conditions |ead
to speech problens, which can be considered as nasa
resonance problenms can divided mainly into two categories,
one characterised by too nuch of nasal resonance and the
other by too little or no nasal resonance. The term hyper
and hypo-rhinolalia have been used in the past. And the
excessive nasality and insufficient nasality have also been

conmonly used terns.

Hypernasality is excessive, thus undesirable, anount of
percei ved nasal cavity resonance in speech. Vowel production
in the English language is characterised by oral resonance
with only slightly nasalized conponent. If the oral and
nasal cavities are open to one another by lack of
vel opharyngeal closure, the laryngeal tone will receive heavy
resonance within the nasal cavity. Only the nasal sounds

such as /m [n/ [/n/l should receive the degree of nasal
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prom nence produced by an open vel opharyngeal port. But in
cases with hypernasality along with the nasal sounds other

sounds al so get resonated in the nasal cavity.

Both organic and functional factors have been identified
as leading to hypernasality. Basically all these lead to
i nconpl ete vel opharyngeal port i. e., either due |oss of

ti ssue or sensory loss or just learnt habit.

Denasality or hyponasality is the lack of normal nasal
resonance for nasalized phonenes like /nml /n/ and others. In
the strict sense therefore denasality can be categorized as
an articulation substitution disorder. Generally, denaslity

al so affects the vowels as normally vowel s al so get sone part

of nasal resonance. A common exanpl e of denasal voice is the
voice that of a person suffering from severe cold

I nsufficient nasality is due to nasal obstruction by enlarged
adenoi ds or other growt hs.

The other type nasality is known as assinlative
nasality. In this condition the vowels occurring adjacent to
nasal consonants appear nasal. It would appear that the
vel opharyngeal port opens too soon and remains too long in
that condition. Therefore, the vowels proceeding and
followng would get greater degree of nasal resonance than

nor mal .



16

Pitch and intensity have considered to affect the degree
of naslity. The data on variation in nasality with changes
in vocal pitch in cleft palate individuals are not conpletely
definitive. It does appear that nasality nay decrease
slightly when the subjects are instructed to increase the
pitch |evel. There appears to be no consistent relationship
between degree of pitch inflection and nasality in cleft
pal ate subj ects.

Sherman and Goodwin (1954) studied between pitch and
nasality in functional cases of nasality. They concl uded
that there was " little evidence to support the hypothesis
that there 1is a relationship between pitch Ilevel and
perceived nasality". They further qualify their concl usion
by stating that lowering the pitch level may be acconpani ed
by a decrease in nasality in sonme individuals.

Greene (1960) after a study of several hundred cases of
cleft palate found that the high pitch voice of fenmales may
get awmay wth nore nasal escape than deeper nmale voices.
This was also noted by Renfrew (1957). Froeschel s (1957)
advi ses judicious experinment with the elevated pitch and the

increased intensity to reduce nasality.

Sonme clinicians (Westlake and Rutherford, 1966) have
noted that a |ower than average pitch level is associate with

naslity. O hers (Hess, 1959; Froeschel s, 1957) have
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recommended raising the habitual pitch to reduce nasality.
Still others (Van Riper,1954; Gay and Wse, 1959) have
recommended |owering of the habitual pitch as a way of
reduci ng the naslity.

There are reports that subjects with severe nasality
speaks at a lower intensity level than the normal or wth
mld nasal quality. Findings of Hess (1959) are conpatible
wth those of WIIlianmson (1944) who reports a decrease in
nasality with increase in vocal intensity in functionally
nasal speakers. Weiss (1954) reports negative correlation
bet ween neasures of average overall SPL and nasality ratings.
Hess (1959) i nvestigated the relationship between the
nasality and vocal intensity in cleft palate subjects and
repoted that there was a decrease in perceived naslity with
increase in SPL. Couni han and Couni han (1972) studied the
relationship between the vocal intensity and rated nasality
using sustained isolated vowels. When the recorded vowel s
were played back to the judges at a constant intensity |evel,
the rating were found to be related to the type of vowel.
According to Hess (1960) normal males display a simlar trend
but normal fenmales evidence a trend towards a higher nean
rating at the highest than at the l|owest intensity |evel.
Further a decline in nmean rating with increased intensity was
seen in the cleft palate fenales. So it is possible that
the relationship between the nasality ratings and vocal

intensity differs for both nales and fenual es.
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Asthana (1977) found that cleft palate subjects had
significantly less nasality at the high pitch level than at
the habitual pitch. The degree of perceived naslity was
significantly less at higher intensity |levels. Wen pitch or
intensity was |lowered no significant change in nasality was
per cei ved. Thus the type and degree of relationship between

nasality and pitch and intensity remain inconclusive.

Measurenment of severity of nasality is dependent upon
i steners judgenent. Al though the human ear is admttedly
the final detector and arbiter of nasality, it 1is not
necessarily nmean that the judgenent made by the listeners are
val i d. There is evidence to show that the judgenent of
nasality may be influenced by such factors as proficiency of
articulation, vocal pitch and intensity levels, the type of
speech sample judged, difference in the background of judges
and instructions given to judges dictate the criteria by

whi ch the judgenents are made (Lubker, 1971).

in order to enhance the validity of nasality ratings
attenpts have been nmade to elimnate the contam nating effect
of '"irrelevant' speech dinensions by judging nasality in tape
recorded speech sanples played backwards. This procedure has
been questioned on the grounds that +the acoustic cues
associated wth consonant production may form an inportant

part of nasality of the cleft pal ate speakers.
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There is a reason to believe that nasality as a

perceptual construct is poorly defined. This lack of
definition is illustrated by the variety of descriptions of
nasality used. Nasality may not be a single quality
di st ur bance. Sonme have differentiated between the nuffled

nasal quality associated with an open velar port and a
di al ectal nasality characterized by accentuation of higher
frequency harnoni cs. The later type had been believed to
result nore from adjustnment of pharyngeal wall tension and
tongue posture than from the velar inadequacy. It is also
possible that different voice quality disturbances exist in
the sanme speakers. Shanks (1962) reports presence of nasal
and denasal speech features in a single speaker. In addition
it is apparent that a perceptually different voice quality
can occur when velar inadequacy is acconpanied by nasal
obstructi on. These findings suggest that the perception of
nasality which is dependent upon listeners judgenent is a
conpl ex phenonenon and attenpts to explain nasal speech
t hrough perceptual neasures thenselves may be |imted.

But it nust be noted that the measurenent of nasality is
essential for both diagnosis and therapy wth cases of
nasality. The measurenent of nasality may provide infor-
mation regarding the possible causative and naintaining

factors of nasality, to take decision regarding the line of
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treatnent and to decide the tinme at which intervention has to
be made and to evaluate different surgical and therapeutic

nmeasures and their efficiency.

Measurenent of Nasality

The nethods of neasuring nasality can be considered as
(1) direct neasures and (2) Indirect neasures. The direct
nmeasures are those neasures which directly nmeasure the
nasality, such as TONAR The indirect neasures are those
whi ch provide information about structural abnormality |ike
vel opharyngeal inconpetency, which give an indirect clue
about the presence of nasality. But the validity of these

nmeasures are questionabl e.

The direct neasures
The direct neasures are those which directly neasure the
nasality. They are oral nasal sound pressure, acoustioc,

aero-nechani cal and oral - nasal air flow neasures.

Oral and Nasal sound pressure neasures:

In an effort to wunderstand the exaggerated nasa
resonance phenonenon a nunber of Investigators have
undertaken studies to neasure the correlates of nasality
obj ectively. Al t hough analysis of the acoustic spectrum of
the nasal speech have provided data regarding the shift in

formant energies that are associated wth nasal tract
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coupling, the variability anobng the speakers and the vowels
produced by the sane speaker have detered the identification
of the consistent spectrum pattern that defines the presence

and degree of nasal speech.

One acoustic neasure that may be useful in differen-
tiating normal from nasal speakers and related degree of
perceived nasality have been derived from the use of probe
tube m crophone assenbly (Bryan, 1963). This apparatus permts
si mul taneous recording of the oral (actually oral plus nasal)
and nasal speech signals. An identical apparatus is used to
record the nasal signal, except that the nasal condensor
m crophone is nodified by addition of a probe tube and its
adapt or. The probe tube is inserted a short distance into
the | east occluded nasal neatus. Oal and nasal signals thus
recorded are introduced into a graphic level recorder to
obtain neasurenent of sound pressure |evels. Because the
probe tube m crophone is located within the nasal cavity and
oral mcrophone sone distance from the |ips, greater nasal

than oral sound pressure are usually obtained during speech.

Wiile various neasures of sound pressures have been
enployed in studies of nasal speakers the neasure nost
typically used is that of the different in decibels between

oral and nasal sound pressures.
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The reliability of this neasure in different types
speech sanples produced by normal and cleft palate group was
studied by Richards (1966). The investigator reported that
the nean sound pressure difference obtained both the groups

in repeated production of speech sanples were highly

reliable. The difference anobng neans for repeated trials
sel dom exceeded one deci bel. Intra subject variation was
sonme what greater. The maxi mum change in sound pressure

di fferences for individual subjects repeating the same speech
item was on the average four to five dB. A few subjects
di spl ayed parked inconsistency fromtrial to trial. Changes
as great as 14 dB for vowels, 28 dB for CVC syllables and 9
dB for sentences were obtained. These data indicate that the
mean sound pressure difference obtained for both cleft palate
and normal group were highly reliable, but that substanti al
variation could occur in the productions of the sane speech

itenms by individual subjects.

Sound Pressure neasures and oral nasal coupling:

As sound pressure differences are related to variations
in the degree of oral nasal coupling it mght be expected
that cleft palate and the nornmal speaking group differ with
respect these neasures. Couni han and Pierce (1965) studied
a group of 40 persons with cleft palate and reported a nean
sound pressure difference of 30 dB, 32 dB and 32 dB for

vowel s, CVC syllable and sentences respectively.
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There is a general agreenment anongst studies that the
magni tude of the oral-nasal sound pressure difference varies
according to the vowel produced for both cleft palate and
normal speaki ng group. Studi es on normal speakers indicates
greater nmean sound pressure for high vowels than for the |ow
vowel s. And the existence of an inverse relationship between
the magnitude of the sound pressure difference nmeasures and
the oral intensity level is reported by Sunmer (1965), who
found that the mean sound pressure difference for nornmal
decreased from 35 to 28 dB as oral intensity is raised from
57 to 84 dB. Studies of vowels produced by persons with
cleft palate and normal speaking group reveals consistently
greater nean sound pressure difference for fenales than
mal es. The difference between the nmeans for the sexes are
inversely related to the reported difference in the relative

power of male and femal e voi ces.

The effects of consonant contexts on the sound pressure
di fference in vowels for both normal and cleft palate
speakers are studied by Small (1972). Vowels in consonant
context display |esser sound pressure difference than vowels
in isolation. Nasal consonant environnents however associ ated
with greatly elevated sound pressure difference for vowels in
nasal environnment is about 13 dB greater than for vowels
either in plosive or fricative contexts. H gh vowels are
associated with greater mean sound pressure difference than

| ow vowel s.
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Sound pressure neasures and Nasality judgenent:

The useful ness of oral nasal sound pressure differences
as an index of perceived nasality was first reported by
Weiss (1964), who studied a group made wup primarily of
functionally nasal speakers. This investigation reported of a
very high correlation between sound pressure difference and
nasality ratings of connected speech. He concl uded that the
|isteners judgenent of the severity of nasality is related to
the difference in decibels between nasal and oral sound
pressure |evel. Therefore, it may be said that there is
rel ationship between these two neasures. But studies on
cleft palate speech show that the relationship between these
measures is greater in connected speech than in either CVC

syl l abl es or isolated vowels.

Al t hough the size of the correlation reported in studies
of cleft palate group had not confirned the high degree of
relatipnship cited by Wess (1964), further studies were

war r ant ed.

Oral and nasal air flow and air pressure neasures:

Al t hough disturbance of the oral structures have been
inplicated as the sources of msarticulations in cleft palate
speakers, it is apparent that an inability to inpound and
regulate the oral breath stream is the primary cause of

defective sound production.
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Instrunents that neasure air pressure and flow provide a
reasonably direct way of assessing the patency of velar val ue
and the utilization of the breath stream in the production

consonants and vowel s.

More recently breath pressure ratios obtained in the use
of the oral manoneter have been enployed to evaluate the
vel opharyngeal adequacy. In this procedure oral breath
pressure neasured during a maxinmum respiratory effort with
nostrils open is expressed as a ratio of breath pressure
measured with the nostrils occluded. | f readings under the
two conditions are of equal magnitude a high breath pressure
ratio is obtained, indicating adequate velar valving. |If the
readings are low with the nostrils open, lower ratios are
obtai ned, inplying |Iess than conplete closure.

Measures obtained with the instrument described above
yields essentially static estimtes of the velar functions.
Col l ectively they have the following limtations: 1. They do
not permt neasurenent of air pressure or flow fromthe nose
and nouth sinmultaneously or continuously, 2. They lack the
the sensitivity to detect the fast variation in flow rate
during running speech, 3. they require subjective judgenent
of dial reading that may affect the precision of neasurenent,
4. they do not offer a permanent record of data and 5. they
do not yeild direct data concerning the air pressure and fl ow

phenonenon that occurs during speech. Advances in the design
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of flow neter systens have provided the researchers and

clinicians with air flow and air pressure transducers that

over cones many  of t he limtations of the previous
i nstrunments. The two flow neters that have been used with
success in t he I nvestigation of speech are D1,

Pneunot achograph, (designed by Flesch,1960) and 2. the warm

w re anenoneter, (devised by King, 1914).

Measurenent of air pressure and flow :

The pneunot achograph neasures airflow on the theory that
the volunme of air passing through in straight tube in
proportional to the difference in pressure between two points
in that tube.

The use of sensitive instrunents to neasure oral and
nasal air pressure flow in the study of articulation and
speech physiology in relatively recent. Problem related to
di fferences in met hods of measur enment s make di rect
conparison of results in different studies difficult.
Considerable work remains to be done in defining the
procedures by neans of which airflow and air pressure data
are extracted and in resolving problens associated wth
instrumentation and calibration before definitive statenents
can be nmade about nmany features of speech articulation and
physi ol ogy. There is, nevertheless, reason to assune that
airflow and air pressure neasurenents wll add neasurably to

the armanent of researchers interested in speech phenonena.
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Aeromechanical measurement :

Warren and DuBois technique :

Measurement of nasal airflow and of the difference in
air pressure above and below the wvelopharyngeal port may be
used to estimate both the area of the velopharyngeal orifice,
if any during the production of stop consonant and the

resistance of the port to airflow.

Measurement of nasal pathway resistance and its
importance are discussed below. The determination of the area
of the orifice depends upon the use of an equation that was

applied by warren and DuBois (1964) 1is as follows

e .y

Where
A is area in cm2.
Vn is nasal airflow in cubic centimeters.
Pl and P2 are oral and nasal air pressure in dynes.
D is density of air (0.001 Gm/Am’)

K i1s a correction factor (0.65)



28

In practice, the pressure - sensing tubes used to pick up
oral and nasal air pressure are coupled to a single
differential pressure transducers which forwards to the
recorder the difference between the two pressures that val ue
is expressed in centineter of water. The pressure value is
multiplied by 980 to convert to dynes. The area may then be
determned by entering the appropriate values in to the
formula and perform ng the needed cal cul ati on. The correction
factor of 0.65 was obtained by warren and DuBois through use
of a nodel of the vocal tract with known vel opharyngeal
orifices. dinical use of this correction factor is based on
the assunption that the vel opharyngeal segnent of the speech
anal ogue designed by warren and DuBois and fashioned on an

adult nodel is simlar in formto the patient's mechani sm

Warran (1979) noted that, 1in contrasting the anal og,
oral cavity and the nasal pathway di nensions was approxi mated
from cephalonmetric data obtained from nornal adul ts.
I nformati on such as the cross sectional area of the anal ogue
were constructed to offer resistance to airflow simlar to
that observed in normal person and individual wth cleft
pal at e.

The resistance of the passage between two pressure
sensing tubes is calculated by dividing oral nasal
differential air pressure by nasal airflow and noving the
decimal point three places to the right. The resistance is

expressed in centineters of water per liter per second.
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Wher e
R is resistance expressed in centineter of water /liter
/ second.
AP is oral - nasal difference.

Vn is nasal airflow

Although this fornmula is used to nmeasure lamnal flows.
Whi ch we donot have in vel opharyngeal assessnent, it provides
adequate estimates of resistance. |If the neasurenent are

al ways obtained at a given rate of nasal airflow, comonly

resistances is measured at 250 and 500 cmH2O/'L/S. |If one of
the pressure sensing tubes used to neasure oral - nasal
differenti al air pressure is placed in the nares, the
resi stance measur ed reflects t he i nfl uence of t he
vel opharyngeal port and the nasal pathway conbined. | sshi Ki
et al., (1968) wote that any resistance calculated in the
sum of the resistance present - those of the vel opharyngea

port, the nasal pathways and the pneunotachoneter itself. The
latter two resistance are usually small, but they are factors
in the results obtained when the vel opharyngeal port is open

even a snmall anount.
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Equi prent
Warren's system that is for measuring vel opharyngea

area, is that the airflow through the nose is captured by a
face mask or a cat het er, and passed t hr ough a
pneunot achonet er attached to a differential pressure
transducer. The transducer responds to the difference in air
pressure on the two sides of the pneunotachoneter. The drop
in pressure across the screen is proportional to the airfl ow
and may be entered into the fornula for determ ning the area
and resistance. The differential pressure transducer converts
pressure to an electrical signal, which is recorded on a

oscill oscopic recorder or an oscilloscope.

Oral and nasal air pressure are obtained by placing
pressure sensing tubes in the nose and nouth. These tubes are
connected to a second differential pressure transducer which
responds to the difference between the two pressures. Thi s
signal is recorded on a second channel of the oscillographic
recorder and this differential pressure is entered into the
f or mul a. To neasure oral air pressure, in contrast to ora
-nasal differential air pressure, one side of the transducer
is left open and no tube is placed in the nose.

A concise description of several problem presented by
Mul ler and Brown (1980) they indicated that calculating of
orifice areas for ports of the sane size but of different

geonetric configurations may differ slightly from one
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anot her. Muller and Brown also indicated that the area
estimate will be influenced by the shape of the entry and
exit to the port, the presence or absence of a distant
periodic conponent to the flow, and the nature of the flow,
that is, whether turbulent, lamnar or transitional. Oher
vari abl es that may influence estimtes of vel opharyngeal area
and nasal pathway resistance include the bionechanical of the
tissue of the pertinent structures and changes in those
tissue and in respiratory pressure initiated by nuscle

activity.

PERCI

Warren (1979) introduced an instrunent called PERC
(palate efficiency rating conputed instantaneously) for use
in vel opyaryngeal mechani sm during speech. It is cheaper than
t he aeronechani cal system he used in research, but provides
information that agrees wth that derived from the nore
conpl ex systens.

No claim is made that the PERCI is sensitive to
differences in velopharyngeal opening /s/ less than 10m®e.
The study of patient with marginal vel opharyngeal conpetence
is especially inportant. The clinical needed of the patients
are |less clear than are those of the patients wth
ungquestionable in conpetence. The marginal group included
i ndi viduals who had vel opharyngeal area between 0 and 10m®,

their needs will not be well -served by the PERCI.
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HONC (Horii oral nasal coupling). Horii (1980) has
deviced an electric system for producing the ratio of nasal
to oral acceleroneter out put (simlar in principle of sound
pressure ratio) during running speech. The HONC index is a
relative scale, wth a value of 1 ie., (HONC = 1)
representing nmaxinmum nasalization HONC ratio can be
conpared across speakers. And the value 0 ie., (HONC =0)
i ndi cat es denasal i zati on. In evaluating denasality, a fully

oralized sound can be used as a base |line reference.

| ndi rect measures
(1) Articulation tests

Leakage of air through an inconpetent port would be
expected to interfere with high - pressure consonants and
produce perceptible nasality. Conversely inadequate nasality
wll distort nasalized sounds like /m, /n/.
(2) Radi ol ogi cal neasures
(3) Cephal onetrics
(4) Tonography
(5) G ne-vedi of | our oscopy
(6) U trasounds
(7) Endoscopy
TONAR

Fl etcher (1970) advanced the study of oral and nasal
sound intensity nmeasure as indices to hypernasality through

the devel opnent of an instrunment which in named TONAR (the
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oral - nasal acoustic ratio). This instrument includes |ead
chanber to separate the nose from nmouth. A m crophone packed
in fiberglass is contained in each chanber. Each m crophone
leads to its own tunable filter network. These networks have
identical band wi dths and frequency ranges are capable of
processi ng frequencies between 50 and 20,000 Hz. The system
|l ocks on the resonant frequency in the nasal chanber and at
the same tinme tracks the sane frequency band in the oral
channel (Warren 1973). The instrunent points out voltages
associated with the nasal and oral signals and also a trace
reflecting the ratio of the voltages from the sound detected

in the oral and nasal chanber

A second version of this equipnment is TONAR Il provides
a reinforcenent panel. This instrument can be used a
bi of eedback training device, |ight bulbs on the reinforcenment
panel are illumnated automatically as the patients oral -

nasal ratio achieves a level selected by the clinicians.
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The TONAR Il instrunment was replaced by the Nasoneter.
The Nasoneter is simlar in principle to TONAR 11 but
significantly different in structure, function and practice

f eat ures.

It consists of three mgjor subunits.

(1) A sound separator

(2) Electronic circuit for frequency band I|imting and
processing the mcrophone signals and transmtting themto a
conput er.

(3) A personal conputer for receiving data, processing the
information, calculating the nasal ance val ues and displ ayi ng
the nasal ance scores along with other paraneters in printed

or graphical (e,g., " Nasograni) form

Sound separ at or

The sound separator assenbly consists of a netal plate
or baffle, headgear to support the baffle and two m crophones
that transduce the separated nasal and oral acoustic
signals. Anthroponorphic data were obtained, so it would fit
a wde range of faces and in particular that of a young
adul t.

During use, the plate is oriented perpendicular to the
frontal plane of the face and centred on the prolabium

approxi mately m dway between the nose and the upper Iip.
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The acoustic anplitude of the signal from the nose and
nmouth is transduced to proportional electrical signals by the
m cr ophones nounted above and bel ow the separator plate. The
m crophones are wunidirectional close speaking and dynamc.
They have a 50 to 15,000 Hz frequency response with a -66 dB
sensitivity. The wunidirectional response characteristic of
these m crophones increases the acoustic separation of the
nasal and oral signals and helps reject potentially
contamnating environment noise. Under this condition the

nasal - oral signal separation is about 25dB.

The advantage of the current design include natural
speech acoustic wth out injection of conpeting cavity
resonances and with out inpedance |oading present in a nore
closed systens. It also allows the talkers to self nonitor

their speech with Iess distortion.

Software :

The Nasoneter s mcroconputer based and software
driven. This permts several features that are not avail able
in TONAR I I.

The major function of the software includes data
acquisition, data editing and anal ysis, stinmulus presentation

di spl ay generation, file managenent and various utilities.
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| nterpreting nasal ance neasures

Fl et cher (1978) examned the relationship between
perceived nasality and instrunent neasures of nasalance
through series of conparison between instrunentally derived
and |isteners judgenent scores. 70 cleft palate children's
speech sanples were randomzed and 20 listeners served as
judges. They were asked to mark the severity of nasality in a
5 point scale ie., "Normal" , "MId", "Moderate", "severe ",
"Very severe". He found that the |isteners perceptual ratings
becone nore closely aligned agreement with the instrunentally
derived nasal ance scores systematically increased. That 1is
greater pr eci si on in listeners observation lead to
correspondi ngly hi gher agreenment wth the instrunenta
scores, suggesting that the perceptual and instrunenta
observation had a comon basis. The final correlation of 0.91
between nasality and nasal ance scores suggest that for the
nost purposes the instrunent nmeasures nmay be used as a valid
estimate of the degree of nasality likely to be deprived of

pool ed observation from listeners judgenent.

Patterns of nasal ance

The nature of the neasurenent procedure dictates that
t he degree of nasal ance in speech will be proportional to the
acoustic energy of the signal as it exists fromthe nasal and
oral chanbers. This proportion is controlled by the physical

characteristics of the oral and nasal chanber s, t he
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integrity of the vel opharyngeal value, postures of the lip
and tongue and by the phonetic demands of the sound spoken.

Each of the nultidinensional factors influences the graphical

pattern.



CHAPTER |11

METHODOLOGY

The purpose of the study was to find the efficiency of the
Nasonet er devel oped usi ng a per sonal conput er in,
obj ectively, measuring the nasality and to relate the
nmeasurenment with the subjective ratings of nasality. Further
it was also intended to develop norns for normal and nasal
speech sanples to be used clinically in evaluating cases with

nasality.

Fl etcher (1978) has described a Nasoneter devel oped
using a personal conputer (and two mcrophones and A/D
convertor) wth appropriate software. Based on this
principle a personal computer (PC/ XT) has been nodified into
a nasoneter. To put this Nasoneter into clinical use the

present study was undert aken.

| NSTRUMENT
The Nasometer consists of three units. They are
1. Sound separator,
2. A/D convertor with necessary filters and
computer interface and
3. Personal Conputer (PC/ XT, W pro).

4. Software
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The Sound separator, is a plastic plate with two
m crophones wth sane specifications, that transduce the
separated nasal and oral acoustic signal. The plate was cut
to fit into the configuration of the area below the nostrils
and above the wupper lip (Photograph - 1) of different age
groups so that the voice signals oral and nasal cavities are

separ at ed.

The signal received by the m crophones are filtered and
anplified by two different but identical anplifiers and fed
a 12 bit A/D convertor. Fromthere the digitized signals are
fed to conmputer for further processing by the programe

nasal ' .

The software is basically used for acquisition of data,
data analysis and display generation i.e., the nasoneter is
a software driven system The data is acquired at a rate of
8 KHz from both channels(nose and Muth outputs) and
digitized. Then they are analyzed for intensity of the
signal and displayed on the screen separately i.e..signal
fromnose as well as nouth (Figure -1). The averaged val ues
of both signals are taken and then the ratio Nasalance' is
determ ned by using the fornul a

Nasal ance = N/ N+OX 100

Where N= Nasal output, O = oral output.
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Subjects :- Thirty normal subjects were taken in the present
study. The group included fifteen nales and fifteen femal es.
The age range was from twenty Years to twenty eight Years.
Al'l subjects had normal voice which was appropriate to their
age and sex wth out any vocal pathol ogy.

Goup Il :- Four subjects with nasality were also taken in
the present study (ie., 3 wth cleft palate and 1 wth
vel opharyngeal i nconpetency). No attenpts was nmade to
control the sex , age and cause for the nasality of the
group. The group included 2 males and 2 fenmales. The age
range was from seven Years to fifteen Years. The subjects did
not had any other problem except for hypernasality.

Speech sanmples :- (1) Phonation of /a/, /el, /il Three tines
each wth normal phonati on, with instruction to open
vel ophar yngeal port (nasalization of vowels) and wth
occl udi ng nasal openi ngs.

(2) Five sentences with out nasal sounds.

(3) Five sentences w th maxi mum nunber of nasal sounds.

(4) For, the younger group who were unable to read, three

standard sentences were used.
Procedure :-
Part A :-Qbjective evaluation
Step 1 :The subject was asked to sit on a chair and

instructed in the follow ng manner.



Photeqraph-1 NASC METER,
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"After keeping the sound separator between nose and nouth
(phot ography -1) phonate the vowel /a/, /i/, [ul continuously
in your normal speaking voice with out any variation". He
was also instructed not renove the sound sep ator during
t esting.

The nasal ance value was taken into consideration only
when the out put on the screen was continuous.

The nasal ance value was taken for each vowel (/a/, /el,
[ul), thrice and the nean of nasal ance score was cal cul at ed

for each vowel .

Step 2 :-

The subject was asked to phonate the vowels /a/, [il),
/ul/ in a nasalized voice with out any variation. The subject
was also instructed not to renove the sound separator during
testing.

The nasalance score as nentioned in step 1 was

cal cul at ed.

Step 3:-

The subject was asked to phonate the vowels /a/, [il,
/u/l with nares occluded wusing a clip (photography 1)
with out any variation. The subject was also instructed not

to renove the sound separator during testing.
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The nasal ance score was cal cul ated as nentioned
in step 1.
Step 4 :-

Nasal sentences witten on flash cards were presented to
the subjects and were asked to read by keeping the sound
separator between nose and nmouth on the upper lip.

And nasal ance score for each sentences were cal cul ated
once and the nmean nasal ance score was obt ai ned.

Step 5 -

Non nasal sentences witten on flash cards were
presented to the subjects and were asked to read by keeping
t he sound separator between nose and nouth on the upper lip.

And nasal ance score for each sentences were cal cul ated
once and the nmean nasal ance score was obtai ned.

After finding out the nmean for each itens separately for
each subject these scores were divided on a 5 point scale

dependi ng on nasal ance score.

0 - 15 - denasal
15 - 30 - noram
30 - 45 - mldly nasa
45 - 60 - noderately nasal
60 - 75 - severely nasal
75 - above - very severely nasal
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And each item was assigned nunbers depending upon the
severity that if it is denasal - 0, normal - 1, mld - 2,
noderate - 3, severe - 4, very severe - 5. So these nasal ance
scores were also converted into single nunber by using this
nasal ance scale for easy conparison wth that of the

subj ective rating.

Part - B :-
Subj ective evaluation :-

Al'l speech sanmples were submtted for subjective rating
by judges. They are phonation of /a/, /i/l, /ul/ wth noran
voice, with instruction to open vel opharyngeal port, and with
occluded nares, the nasal sentences and non nasal sentences

were al so presented.

Speech sanples of males, females and cases have been
random zed separately. Before presenting for the subjective
eval uation. Each item in phonation was presented three tines
and each sentences (nasal and non nasal) were presented for
rating.

Three listeners served as judges of these speech
sanples. These three judges were post graduate students of
speech and heari ng.

They were asked to rate the severity of nasality by

using point five point scale after hearing each sanple for
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They made markings in a response sheet dependi ng upon

the severity of nasality as they perceived,

denasal -0
nasal -1
mld - 2
noder at e - 3
severe - 4
very severe - 5

To obtained the judgenent, the recorded speech sanples
were played in a sound free room at a constant intensity.
Rest periods of 5 to 10 mnutes were given during rating

sSessi ons.

The part of the speech sanples were rated after period

of 48 hours for the purpose of reliability check.

Met hod of analysis :-

Correlation between the objective and subjective
ratings, inter and intra judge reliability were determ ned
usi ng conputer programres for all the speech sanpl es.

Further 'T - Test' was also admnistered to find out
significance of difference between different types of speech

sanpl es.



CHAPTER |V

RESULTS AND DI SCUSSI ON

In the present study thirty normal subjects (15 males and
15 females) and four subjects with nasality were taken to
check the efficacy of the instrunment and to find the
rel ati onship between subjective rating and objective rating

of nasality and thus to establish nornms.

oj ective scores

The analysis of the objective scores showed that there
was variation in the nasal ance scores depending on the speech
sanpl es used. Table 1 provides, the nasalance scores found
for different individuals 30 normals (nmales and fenmal es) and

four cases with nasality for different speech sanples.

The difference in nasalance scores were found to be
significant for sone of the speech sanples. Table [ la, IDb
lc], [2a, 2b, 2c], [3a, 3b, 3c] indicate, nasal ance scores,
nmean, standard deviation and correlation between speech

sanpl es of mal es, fermal es and cases.

Significant difference in nasalance scores between
speech sanmples of nales were found in the follow ng.

(1) Nonnasal /i/ and nonnasal /u/.
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(2) Nonnasal /al/ and nasalized /a/l.

(3) Nonnasal /a/ and denasalized /al.

(4) Nonnasal /i/ and nasalized /i/.

(5) Nonnasal /i/ and denasalized /i/.

(6) Nasalized /i/ and denasalized /i/.
(7) Nasalized /i/ and nonnasal /i/.

(8) Nasalized /a/ and nasalized /al.

(9) Nasalized /i/ and nasalized /u/.

(10) Denasalized /al/ and denasalized /u/.
(11) Denasalized /i/ and denasalized /u/.

(12) Nasal sentences and nonnasal sentences.

Speech sanpl es where there was no significant difference
(1) Nonnasal /a/ and nonnasal /i/.

(2) Nonnasal /al/ and nonnasal /u/.

(3) Nasalized /a/ and denasalized /al.

(4) Nonnasal /u/ and nasalized /u/.

(5) Nonnasal /u/ and denasl ai zed /u/.

(6) Nasalized /u/ and denasalized /u/.

Speech sanples where themwas a significant difference in
nasal ance score anmong females :-

(1) Nonnasal /i/ and nonnasal /u/.

(2) Nonnasal /a/ and nasalized /al.

(3) Nonnasal /a/ and denasalized /al.

(4) Nasalized /a/ and denasalized /al.

(5) Nonnasal /i/ and nasalized /i/.

(6) Nonnasal /i/ and denasalized /u/.
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(7) Nasalized /al/ and nasalized /i /.

(8) Nasalized /i/ and nasalized /u/.

(9) Denasalized /a/ and denasalized /u/.

(10) Denasalized /i/ and Denasalized /u/.

(11) Nasal sentences and nonnasal sentences.

Speech sanpl es, where there was no significant difference
anong females :-

(1) Nonnasal /a/ and nonnasal /i/.

(2) Nonnasal /a/ and nonnasal /u/.

(3) Nonnasal /i/ and denasalized /i/.

(4) Nasalized /a/ and nasalized /u/.

(5) Denasalized /a/ and denasalized /i/.

Conpari sion of nasal ance scores of Fenales and nul es:

A conparison of nasal ance score on each Speech sanpl es
of males and fermales were perfornmed. The results were as
follow :- (Table -4)

Statistically significant correlation were found in follow ng
vari abl es between nmales and females :-

(1) Nonnasal vowel production /al.
(2) Nonnasal vowel production /i/.
(3) Nasalized vowel production /al.
(4) Nasal sentence production.

(5) Nonnasal sentence production.

Statistically there was no significant correlation found in
the follow ng variables :-

(1) Nonnasal vowel production /u/.

(2) Nasalized vowel production /i/.



TABLE-1(a) Nasal ance scares (HALES)

Normal  phonation Nasalized phonation Denasal i zed phonation  Nasal Non- nasal
lal, H, [ul lal,lil, lal, lil, lul sent ences sentences
12,34 22.45 15,70 4125 65.84 52.32 15,34 1416 1.2 63.75 18.20
1572 23,43 1573 3515 59.41 57.16 21.65 1161 16.01 59.12 20.10
17.35 23.31 17.28 43,12 64.34 53.44 19.12 19.75 13.82 68. 16 17.20
25.32 26.46 16.50 43.25 63.28 57.44 25.76 1717 18.85 57.25 18.15
14,02 35.15 23.10 38.25 70.23 42.31 1598 1442 18.20 62.15 22.45
1442 24.38 14.69 34.04 61.25 59.32  20.35 16.26 15.88 55.28 15.56
15.72 3525 16.64 40.21 65.50 58.37 19.25 17.5%6 17.25 57.35 18.85
17.03 3521 2525 4525 66.36 53.59  20.65 18.12 16.25 59.25 25.25
1735 47.17 2421 45,25 73.10 58.36  22.56 21.15 17.75 63.25 23.25
19.55 42.71 21.10 53.25 74.35 61.17 21,70 19.13 16.16 67.16 24.16
20.05 24.26 17.13 4550 57.25 57.25 ~ 24.13 18,19 16.26 62. 26 22.02
18.74 18.49 11.74 55.25 70.29 54.25 17.96 23.16 18.82 62. 30 16. 65
20.24 33.21 20,13 7120 62.13 60.15 2475 24.26 23.12 69. 14 20.25
17.55 36,21 19.46 36.25 64.65 47.02 24.50 22.55 22.25 61.78 25.16

19.55 40.25 21.71 54.25 73.32 53.21 21,70 18.16 16.16 67.05 23.84




TABLE-I(b) Nasalance score (HALES)
Mean Std. Deviation Minimi  Maxmum
1. Nonnasal lal 17.874 3.082 12.2 26.5
2. Nonnasal lit 31.951 8.830 18.49 48.15
3. Nonnasal Id 18.834 4.195 11.36 28.85
4. Nasal lit 45.286 10.380 33.93 74.41
5. Nasal in  68.467 5.975 5491  80.34
6. Nasal /ul 55.549 5.869 39.09 71-24
7. Denasal ui 20.750 3.293 14.54 28.87
8. Denasal HI 17.412 3.504 10.01 25.26
9. Denasal lul 16.358 3.015 11.01 23.08
10. Nasal
sentences 61.870 6.382 49.03 77.91
11. Nonnasal
sentences 20.631 4.003 13.37 29.70




TABLE -1 (c) Nasalance scores (MALES)

Sanpl es T test Probality correlation  significance
scores

Nonnasal /a/ ad 10 0.000 0.20 10
Nonnasal /i/

Nonnasal /a/ ad

nonnasal /u/ - 13 0.20 0.09 ()

Nonnasal /i/ ad

nonnasal /u/ -14.44 0,000 0.79 ( + ) +
L Nonnasal il ad

nasal /al -19.38 0.00 0.42 ( + ) +

. Nonnasal /a/ ad

denasal /al - 6.63 0.00 0.58 ( + ) o+
Nasal il and
denasal /al +16. 48 0.00 0.29 (4) -
. Nonnasal /i/ ad
nasal il -33.68 0.00 0.57 ( + ) +
Nonnasal /i/ al
denasal [i/ +13. 10 0.00 0.5 ( + 1 +
. Nasal H and
denasal /i/ +61. 61 0.00 0.41 ( + ) +

Nonnasal /u/ ad
nasal /ul -35.65 0.00 0.088 (+)--




Sanpl es ‘T test Probality correlation significance
scores
11 Nonnasal /u/ and
denasal /u/ + 3.82 0.004 0.305 (+)
12 Nasal /u/ and
denasal /u/ +40. 23 0.00 0.024 (+)
13 Nasal /a/ and
nasal [i/ -22.25 0.00 0.75 (v) +
14 Nasal /al/ and
nasal /ul - 7.58 0.00 0.49 (4) t
5 Nasal /i/ and
nasal /uf +13.99 0.00 0.45 (4) +
16 Denasal /a/ and
denasal /i/ + 6.68 0. 00 0.5 () +
17 Denasal /i/ and
denasal /ul + 2.78 0.007 0.707 (+) +
18 Denasal /a/ and
denasal /u/ +12.6 0.00 0.73 (4) t
19 Nasal sentences
and
nonnasal sentences  +59.93 0.00 0.42 (4 +
Note : + indicates significant correlation

indicates insignificant correlation



TABLE -2(a)  Nasal ance scores (FEMALES)
S Noraal phonation Nasali zed phonation Denasal i zed phonation  Nasal Non- nasal
No. lal, [il, lul lal,lil, lul lal, [il,lul sentences sent ences
1 1256 22.56 21.15 43.95 68.86 49.91 12.72 1445 1176 63.35 14.45
2 2825 23.35 20.65 51.56 59.95 52.25  20.92 16.90 18.96 68. 88 23.35
3 1126 39.95 26.65 48.85 77.75 63.35 25.52 17,70 18.75 69. 45 21.75
4 16,90 40.10 14.45 48.86 64.75 62.56 2112 16.65 16.65 71.76 21.16
5 1776 4113 1995 49.95 81.82 55.56  20.93 18.85 19.93 61.16 17.76
6 18.80 49.91 1515 54.45 64.46 59.45 18.86 25.92 16.12 53.35 21.98
7. 1716 28.81 1665 36.65 63.35 54.45 21.21 15.56 13.76 68. 86 22.25
8 1790 27.92 16.62 37.76 54.42 52.26 18.72 16.62 10,17 62.25 21.16
9 1656 32.35 21.64 49.92 67.72 64.46 18.13 16.05 14.40 65. 58 20.21
0 169 32.26 21.16 3552 78.82 59.95 18.13 16.05 8.93 65. 56 17.76
1L 1660 24.92 18.85 47.78 56.65 61.15 20.16 14.48 18.80 68. 80 16. 65
22 2120 36.65 25.25 49.92 73.35 61.36 21,12 16.65 18.80 63.32 23.35
B 2225 3446 17.15 57.25 65.52 48.85" 20.08 1110 1190 60. 10 21.16
Yo 19.95 37.75 19.95 47.72 8112 64.46 20.44 13,30 14.90 67.70 19.90
B 2436 33.35 1976 43.32 66.15 63.35 19.92 1440 13.98 59.90 16. 65




TABLE-2(b)  Nasalance score (FEMALES)
Mean Std. Deviationi Minimum  Maximumi

1. Nonnasal lal  18.456 4.825 10.68 33.91
2. Nonnasal fil 51.960 6.869 20.46 46.6
3. Nonnasal lul 19.902 5.062 9.91 31.85
4. Nasal lal 46.247 7.560 32.79 59.48
5. Nasal fil ~ 70.074 7.672 52.25  85.00
6. Nasal lul  58.072 6.365 44.44 67.69
7. Denasal lal  19.829 3.357 11.76 27.71
8. Denasal fil 16.055 3.615 9.48 27.97
9. Denasal /ul  14.916 3.336 8.35 19.77
10. Nasal

sentences 61.443 7.366 32.87 76.13
11. Nonnasal

sentences 20.346 4.062 12.44 17.46




TABLE -2 (c) Nasal ance scores (FEMALES)
Sanpl es T test Probality correlation significance
scores
Nonnasal /a/ and -11.04 0.000 0.048(+4) -
Nonnasal /i/
. Nonnasal /a/ and
nonnasal /U - 15 0.12 0.20(-) -
Nonnasal /i/ and
nonnasal /u/ +15.99 0. 000 0.68 (4 +
. Nonnasal /i/ and
nasal /al -28.19 0.00 0.50 () +
Nonnasal /a/ and
denasal /d - 231 0.026 0.575 (-) +
Nasal /a/ and
denasal /d +26. 95 0.00 0.49% (+) -
. Nonnasal /i/ and
nasal /il -34.42 0.00 0.483 (4) +
Nonnasal /i/ and
denasal /i/ +12.91 0.00 0.163 (4) -
. Nasal /i/ and
denasal /i/ +42.12 0.00 0.04 (4 +
. Nonnasal /u/ and
nasal /uf -43.02 0.00 0.476 (+) +




Sanpl es T test Probality correlation significance

SCores

. Nonnasal /u/ and

denasal /u/ +7.10 0.00 0.43 (4) +
. Nasal /u/ and

denasal /ul +43.31 0.00 0.16 (%)

. Nasal /a/ and

nasal /il -19.11 0.00 0.39 (4

. Nasal /a/ and

nasal /ul - 9.3 0.00 0.31 (4

. Nasal/i/ and

nasal /ul +10. 75 0.00 0.44 (+4) +
. Denasal /a/ and

denasal i/ +6.375 0.00 0.3 (¥

. Denasal /i/ and

denasal /ul +11.91 0.048 0.658 1+) +
. Denasal /a/ and +
denasal /u/ +2.025 0.00 0.413 (4)
. Nasal sentences

and
nonasal  sentences  +54.98 0.00 0.782 (#) +

Note : + indicates significant correlation
- indicates insignificant correlation



TABLE -3(a)

Nasal ance scores (CASES)

Normal  phonati on
lal, [il, lul

Nasal ized phonation
lal, [il, v

Denasal i zed phonation

Nonnasal
sentences sentences

3

. 3173 48.85 48.85

25.52 54.45 47.47
25,92 52.28 43.38

32,71 6L.71 47.78

58.85 T7L.71 67.75

36.65 52.25 53.35

32.25 48.81 49.92

40.45 67.75 43.35

15.50

16.65

17.92

36. 65

14.83 17.76

18.82 15.67

14.45 13.35

48.85 47.47

57.95

53.35

47.95

43.63




TABLE-3(b) Nasalance scores (CASES)

Mean Std. Deviation  Minimum Maximum

1. Nonnasal lal  32.791 8.210 2358  49.69
2. Nonnasal /il 58.022 12.133 4625 7714
3. Nonnasal ful  47.701 3.424 4265  53.36
4. Nasal lal  42.696 12.033 33.73 64.73
5. Nasal fil 65.906 10.450 51.08 78.85
6. Nasal ful  57.134 7.365 49.81 67.41
7. Denasal /a/  17.178 2.289 13.98 2145
8. Denasal fil 18.914 4.164 1441  26.63
9. Denasal 17223 2.079 1479  21.98
10. nonnasal

sentence (1) 39.978 8.871 3113 53.36
11. Nonnasal

sentence  (2) 42.102 12.161 38.82  49.62

12 Nonnasal
sentence (3) 43.170 12.212 3771 5557




TABLE -4

Nasal ance scores (FEMALES VS MEALES)

Sanpl es

T test Probality correlation significance
scores

Nonnasal /a/ and
Nonnasal /a/

. Nonnasal /i/ and
nonnasal /i/

Nonnasal /u/ and
nonnasal [ u/

. Nasal /a/ and
nasal /a/

Nasal /i/ and
nasal /il

Nasal /u/ and
nasal /u/

. Denasal /al and
denasal /al

Denasal /i/ and
denasal i/

Denasal /u/ and
denasal /ul

. Nasal sentences

and
nasal sentences

Nonnasal sent ences
and
Nonnasal sent ences

- 0.681 0.000 0.327(4) -
- 0.005 0.000 0.72 (4 +
- 10S 0.000 0.28(+4) -
- 0.50 0.000 0.32(4) -
- 112 0.000 0.27(4) -
- 1% 0.00 0.053 (+) -
- 1314 0.00 0.192 (4) -
+ 1,807 0.00 0.074(+) -
+2.15 0.00 0.034 (+) -

- 0.379 0.0021 0.705 (4) +

*0.449 0. 0042 0.654 (4 +

Note :

+ indicates significant correlation
- indicates insignificant correlation
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(3) Denasalized vowel production /al.
(4) Denasalized vowel production /i/.
(5) Denasalized vowel production /u/.

It is clear from the above results tat there was a
significant variation in nasalance scores for nost of the
stimulus materials. So fromthe above findings the hypothesis
No-1 is rejected and conclude that there is a significant
difference in nasal ance scores between the speech sanpl es of
nor mal subj ects.

Simlar findings have been supported by Fletcher (1978)
Nasonmeter provided explicit information wth respect to
certain ranges of nasal resonances. The nmean scores from each
set of data were subjected to analysis of variance. This
analysis revealed that no significant age or sex effects on
nasal ance scores. But there was a significant difference in
nasal ance scores for different stinulus materials.

Hardy (1965) used the pressure and airflow during speech
indicated that the oral pressure flow very for consonants and
vowels as a function of voicing, nmanner of production
position of the consonants in a sentence, vowel context.

In the present study there was clear difference in
nasal ance scores for the high vowels /i/ and /u/ and |ow
vowel /al/. This difference is observed in nasalized, nonnasa

and denasal i zed sanpl es.
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Mol |l (1962) has also reported simlar results. He
studied the velar height, extend of contact between vel um and
posterior pharyngeal wall for two vowels produced by two
normal adults. Data was obtained from cinefl ourogrphic study.
Vel ar heights for the high vowels /i/ averaged around 12.4 mm
and it was 10.6 mm for /a/. Difference between high and | ow
vowel was statistically significant. D stance between velum
and the posterior wall, nean gap for /i/ were 2.45 mmand for

fal it was 4.0.

Hawki ns and Swi sher (1978) used multiel ement transducer
to study the novenment of the l|ateral pharyngeal wall in them
adult subject. They reported that a nedial novenent of 5mm
for /a/ and a |ateral novenent of 10 to 12mmfor /i/. Vaghun
(1965) wused a pressure air flow nmeasure and found that vowels
with | esser power such as /i/ and /u/ displayed greater flows
than the nore intense vowels such a /x/ and /a/. And also he
explains that production of /i/ was acconpanied by oral
constriction. So air was directed towards the nasal cavity
when conpared to the production of /a/ where there was no

constriction formation.

Fl etcher (1961) noted that front vowels were judged to
be nore nasal than the back vowels and no systematic

di fferences existed between the high and | ow vowels.
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So from the above discussion it is clear that /i/ vowel
shows hi gh nasal ance score than other vowels produced. So it
can be said that the nasality depends on the vowel and is

related to the constrictions formation in oral tract.

The present study also indicated that there was a narked

di fference between the nasal and nonnasal sentences.

Weiss (1964) who studied a group of functionally nasa
Speakers. This investigator reported of a very high
correlation (0.945) between sound pressure differences, and

nasality ratings of connected speech.

This present study indicates a statistically significant
correlation between the nasal and nonnasal sentences, when
conpared to the other speech stimuli. So it is better to use
connected speech for neasuring nasality.

Conmparison of Male and femal e groups:

The results indicated correlation only in specific
speech sanples that is nonnasal vowel production /a/, /il,
nasal vowel production of /a/, nasal sentence production and
i n nonnasal sentence production. This finding was supported

by sone researchers.

Mckenrns and Bzoch (1970) neasured the angle forned by
t he posteri or nasal spi ne, the superior point of, contact

bet weent heel evat ed pal at eandt heposteri or wal | of t he
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pharynx in normal males and fenmales age between 19 and 32
years. They found that the angle to be nore acute in nales
and nore nearly right angle in females. They also found that
the height of Velar elevation to be greater in nmen than in
wonmen but the extent of contact between the Velum and
posterior pharyngeal wall to be less in nen. The inferior
print of the contact was usually above the palatal plane in

the men but not in the wonen.

Kuehn (1976) studied the sagittal cineflourographs of
one normal nale and one normal fenmale and reported that the
mal e's pal atal displacenent followed a steeper path than did

the fenunl es.

Seaver and Kuehn (1980) found, wusing cineflourographic
system that the wonen changed velar height nore than the
men. Tongue hei ght appeared to be related to Velar height in
mal es.

There are few researchers who did not find a significant
difference between nales and fenales.

Fl etcher (1978) by using Nasoneter found no significant

di fference either based on age or sex.

In the present study though there were differences
between nmales and fenmales in nasalance scores, the overall
scores were not statistically significant. The conparison of

mean values and mninum and maxi num scores are provided in
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Table. 4. Ho significant correlations were found in case of

nonnasal vowel production of /u/, nasalization of [il/,
denasal vowel production of /a/, /il, [/ul. Thus Hypothesis
NO 2 is agreed upon. That is there is no significant

di fference between males and fenal es in nasal ance scores.

The nasalance scores obtained for different speech
sanples (males and females), were divided by using 5 point
scal e. Wiich can be used to classify in ternms of severity.
That is "Denasal", "Normal", "MIldly nasal"”, "Mderately
nasal ", "Severely nasal", "Very severely nasal" (refer Table

5a, 5b, 5¢c). The ranges were as foll ows: -

Denasal - 0-15 - 0

Nor ral - 15-30 - 1

M1ldly nasal - 30-45 - 2
Moder at el y nasal - 45-60 - 3
Severely nasal - 60-75 - 4

Very severely nasal - 75 and above -5

So based on the objective scores, the single nunbers were

assigned for each individual speech sanple. They are
tabul ated in Table 5a, 5b, 5c. Then the sane were conpared
with that of the subjective ratings. By using spearsons

method of correlation between nasalance scores and the
ratings by judges were obtained. There was a high

correl ati on.



53

Subj ective ratings: -
Reliability check -

Interjudge and intrajudge reliablity were checked, by
providing the part of the random sed sanples (after 48 hours)
for judgenent by the sane judges. Then this was conpared
with that of the earlier judgenent by the sane judges of the
sanme speech sanpl es. For finding out the correlation
spearman's nethod was used. The results of the sanme is
provided in Table no.6 there was a high positive correlation
between the judgenents nmade by different judges and also
between two judgenents nmade by each judge. But it was
identified that there was a interchange of marking between
normal and denasal . It may be because of the non coupling of
the nasal of oral cavities even though the subjects were
instructed to nasalize the vowels. However where all the
scores were considered together a high positive correlation

was found between the scores of subjective ratings.

Al  speech sanples, which were evaluated objectively
were randomsed and they were presented for the subjective
ratings. The judges were asked to rate the nasality by using
5 point scale (refer Table 7a, 7b,7cC). The results of the
subj ective rating of these judges were considered and the two
rati ngs which were closely related, were taken for experinent
that is the rating given by at Jleast tw judges were

consi dered as score for that particular speech sanple.



TABLE-S(a) Based on Nasal ance scal e

(HALES)

S| Normal phonation Nasalized phonation Denasal i zed phonation  Nasal Non- nasal
N Tal, [l lal, [if, lal, [l sent ences sent ences
1 0 1 2 4 3 1 1 0 4 1
2 1 1 2 3 3 1 0 1 3 o1
3 1 1 2 4 3 1 0 0 4 1
4 1 1 2 4 3 1 1 1 3 1
5 0 2 2 4 2 1 0 1 4 1
6 0 2 0 2 4 3 1 1 1 3 1
1 1 2 2 4 3 1 1 1 3 1
8 1 2 2 4 3 1 1 1 4 i
9 1 2 2 4 3 1 1 1 4 1
i} 1 2 4 0 4 1
i} 0 0 0 3 1
2 1 1 4 3 1
K| 3 0 0 4 1
u 1 1 4 0 0 4 1
B 1 2 4 0 0 6 4 1




TABLE-5(h) Based on Nasalance scale (FEMALES)

S& Normal phonation Nasal i zed phonation Denasal i zed phonation  Nasal Non- nasal
N lal, i, lal, lif, lu lal, [il ] sentences sentences

1 0 1 1 2 4 3 0 0 0 4 1
2 1 1 1 3 3 3 1 1 1 4 1
3 1 2 1 3 4 4 1 1 1 4 1
4 0 2 0 3 4 4 1 1 1 3 1
5 1 2 1 3 5 3 1 0 1 3 1
b 1 1 1 3 4 ' 1 1 1 4 1
[ 1 1 1 2 4 3 1 0 0 3 1
8 1 1 0 2 3 3 1 1 1 5 1
9 1 2 1 2 4 3 1 0 0 4 1
i 1 2 1 2 5 3 1 0 1 4 1
il 1 1 1 3 3 3 1 1 1 4 1
") 1 2 1 3 4 3 0 0 0 4 1
Ik 1 1 1 2 3 4 0 0 0 4 1
i 1 1 0 2 4 4 0 0 1 4 1




TABLE-5(c) Based on Nasal ance scale (CASES)

S Nornal phonation Nasal i zed phonation Denasal i zed phonation  Nonasal Non-nasal  Nonnasal
N Jal, i, Tul, Tal, T, lal, [il, [lul,  sentence sentence  sentence
1 2 3
2 3 3 4 1 0 1 3 3 3
1 3 2 3 1 1 1 2 3 3
1 2 2 3 1 0 0 2 2 3
3 3 2 4 2 3 3 2 2 2




FABLE -6 Intrajudge relibility check (correlation) (after 48 hours)

| Judge Between | tine
rating and Il tinme rating 0.948

[1 Judge Between | tine
rating and Il time rating 0.914
[l Judge Between | tine

rating and Il tine rating 0.932

Interjudge relibility check (correlation) (after 48 hours)

1time rating Between | judge and

of nasality Il judge 0.8
1time rating
of nasality Between | judge and

[l judge 0.2
Ttime rating Between Il judge and
of nasality Il judge 0.8

[l tine rating Between Il judge anl
of nasality I judge 0.9

[l time rating Between | judge aul
of nasality Il judge 0.8

[l time rating Between | judge ad
of nasality I judge 0.0




The analysis of subjective rating indicated that the
judges did not had any difficulty in identifying the two
extrenes, that is "normal and very sever nasality". In the
m drange where listener to listener variability was high and
interjudge agreenent was |low, where as the instrunentation
provided particularly meani ngful differentiation of the

degree of nasal resonanace.

And another finding was that the judges often judged the

denasal sound as the nornmal one.

Power (1967) has found that the nasality rating may be
influenced by such factors, proficiency of articulation,
vocal pitch, intensity, the type of speech sanples judged
difference in judges sophistication that dictates the
criteria by means of which such judgenent are made.

So, possibly the judgenent was made for the functionally
nasal i zed sanples mght have affected the ratings in the
m dr ange.

So it is «clear that the subjective ratings cannot
provide a classification based on the severity as it is
possible by Instrumentation which provides rating. The
i nstrumentation provi ded particularly nmeani ngf ul

differentiation of the degree of nasal resonance.



TM.E-7(a) Subjective ratings (MES)

sl Normal phonation Nasatized phonation Denasal i zed phonation  Nasal Non- nasal
N. lal, [il, ful o lal, lil, lul lal, [il, [lul  sentences sentences
1 1 1 1 3 3 3 t 1 1 3 1
2 2 1 1 4 3 3 1 0 1 4 1
3 0 1 t 2 4 4 0 1 0 3 1
4 1 2 1 3 4 4 1 1 1 3 1
5 1 1 1 3 43 1 2 1 4 1
A 1 1 0 3 4 4 1 1 1 3 1
7 1 1 1 1 3 4 1 0 0 3 1
8 1 2 0 2 4 4 0 1 1 5 1
9 0 0 1 2 3 3 1 1 1 3 1
10 1 1 1 2 4 4 1 1 1 3 i
11 1 1 o0 1 3 4 10 1 4 0
1 2 0 3 4 4 1 1 4 1
B 1 1 2 1 3 4 2 1 0 3 1
u 1 1 3 3 3 4 1 1 0 4 1




TMLE-7(b) Subjective rating  (FEMES)

S Normal phonati on Nasal i zed phonation Denasal i zed phonation  Nasal Mon- nasal
No. fal, lil U lal, fil  lul lal,  lil, ful  sentences sent ences
1 1 1 0 3 3 3 0 0 0 3 1
2 112 3 43 10 1 5 1
3 0 2 1 3 5 3 1 1 0 4 1
4 1 2 1 3 4 4 1 1 1 4 1
S 1 1 1 3 3 4 1 2 1 3 1
A 1 1 0 3 5 3 1 1 1 3 1
T 1 1 1 1 3 3 1 1 0 4 1
8 0 2 1 2 4 3 0 1 1 4 1
? 0 0 1 3 4 3 0 1 0 3 1
10. 0 1 1 2 4 4 1 0 0 3 1
11, 1 1 0 1 3 3 1 1 0 3 1
iV 1 2 1 3 4 4 1 1 1 2 1
13. 1 0 1 1 2 3 1 i 0 3 1
14 1 1 2 1 3 4 1 1 0 4 1




TABLE-7(c) Subjective rating  (CASES)

S Nonal phonation Nasal i zed phonation Denasali zed phonation  Nonasal Non-nasal  Nonnasal

No. /al, [, il lal, [, lul lal, lil, lul sent ence sentence  sentence
1 2 3

1 3 3 3 3 4 4 1 2 0 4 3 4

2 1 3 3 2 3 3 2 0 1 2 4 3

3 1 3 3 3 3 3 0 0 2 3 3 4
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Comparison of Instrunmental ratings and subjective ratings:

The correl ation bet ween per cei ved nasal ity and
i nstrunmental measures of nasal ance score through a series of
compari sons.

Nasal ance score & Nasal ance scal e.

Nasal ance score & Rati ng by judges.

Nasal ance scal e & Rating of nasality.

This conparisons were done for males, fenales and cases
and conbination of males and fenales (since there were no
significant difference between nmales and fenmal es in nasal ance
scores).

Mal es:

Significant correlation between objective and subjective
rati ngs have been found for the follow ngs.
1. Nasal ance score and nasalance scale high positive
correlation (+0.706) for nonnasal phonation of /a/,/il,/ul.
2. Nasal ance score and nasalance scale there was a high
positive correl ation (+0. 847) for functionally nasal
phonation of /al/,/il,/ul.
3. Nasalance scale and rating of nasality there was a
significant correlation (+0.55) for functionally nasal
phonation of /al/,/lil,/ul.
4. Nasal ance score and nasalance scale there was a high

positive correlation (+0.57) for denasalization vowel
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5. Nasalance scale and rating of nasality there was a

significant relati onship (0. 46) for denasalized vowels

6. Naslance scale and rating nasality, there was a high

positive correl ation (+0. 88) for denasal i zed vowel s

7. Nasal ance score nasal ance scale, there was a high positive
correlation (0.90) for nasal and nonnasal sentences.

8. Nasal ance score and rating by judges, there was a high
positive correlation (0.78) for nasal and nonnasal sentences.
9. Nasal ance scale and rating of nasality, there was a high
positive correlation (0.85) for nasal and nonnasal sentences.
Table - 8 presents the details of this data.

The correlation was not significant for the foll ow ng

1. Nasalance score and rating by judges there was no
significant correlation (0.121) for nonnasal and nornma
phonation of /a,/i/,/ul.

2. Nasalance score and rating of nasality there was no
significant correlation (0.28).

Femal es:

Table - 9 presents the results of the nasal scores
obtained and the subjective ratings.Significant correlation
bet ween objective and subjective ratings have been found for
the foll ow ng.

1. Nasal ance score and nasalance scale, there was a
significant positive correlation (0.64) for phonation of

nonnasal vowels /a,/il,/ul.
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2. Nasal ance score and rating of nasality, there was a
significant positive correlation for phonation of nasal

vowels /a,/i/l,/lul.

3. Nasalance scale and rating of nasality, there was a
high positive correlation (0.86) for phonation of nasa

vowels /a,/il,lul.

4. Nasalance scale and rating of nasality, there was a
significant positive correlation (0.39) for phonation of
nasal vowels /a,/i/,/ul.

5. Nasal ance score and nasal ance scale, there was a
hi gh positive correlation (0.69) for phonation of denasalized
vowels /a,/il,/lul.

6. Nasal ance score and nasal ance scale, there was a
high positive correlation (0.90) for nonnasal and nasal
sent ences.

7. Nasalance score and "rating of nasality, there was a
high positive correlation (0.89) for nonnasal and nasal
sent ences.

8. Nasalance scale and rating of nasality, there was a
hi gh positive correlation (0.95) for nonnasal and nasal

sent ences.

Correlation was not significant between objective ratings and
subj ective ratings of nasality anong fenales:
1. Nasal ance score and ratings of nasality was not

significant (0. 35) for [Jal,li/,/ul nonnasal phonati on
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2. Nasal ance scale and ratings of nasality was not
si gni ficant (0. 10) for [al,/il,/ul nonnasal phonat i on.
3. Nasal ance score and ratings of nasality was not
significant (0.26) for /al/,/il,/ul denasalised phonation.
Femal es and Mal es (conbined): (Refer Table 10)

Correlation between objective ratings and subjective
ratings of nasality. Since there was no statistically
significant difference in nasalance scores of mles and
femal es. The effort was made to find the correlation,
assumng to increase the nunber of subjects.

The correlation was significant for the follow ng

1. Nasal ance score and nasalance scale there was a
significant correlation (0.69) for nonnasal vowel phonation
of /al,lil,lul.

2. Nasal ance score and nasalance scale there was a
high significant correlation (0.829) for nasalized vowel
phonation of /a/,/il,/ul.

3. Nasalance scale and rating of nasality there was a
significant correlation (0.371) for nasalized vowel phonation
of /al,lil,/lul.

4. Nasal ance scale and rating of nasality there was a
significant correlation (0.48) for nasalized vowel phonation
of /al,lil,lul.

5. Nasal ance score and nasalance scale there was a
si gni ficant correl ation (0.64) for denasal i zed vowel

phonation of /a/,/i/l,/ul.
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6. Nasal ance score and nasalance scale there was a
significant high positive correlation (0.91) for nasal and
nonnasal sentences.

7. Nasalance score and rating of nasality there was a
significant high positive correlation (0.82) for nasal and
nonnasal sentences.

8. Nasalance scale and rating of nasality there was a
significant high positive correlation (0.89) for nasal and
nonnasal sentences.

The correl ation was not significant for the follow ng

1. Nasalance score and rating of nasality there was no
significant correlation (0.24) for nonnasal phonation of
vowels /al,/lil,lul.

2. Nasalance scale and rating of nasality there was no
significant correlation (0.13) for nonnasal phonation of
vowels /al,/lil,lul.

3. Nasalance score and rating of nasality there was no
significant correlation (0.25) for denasalized phonation of
vowels /al,/lil,lul.

4. Nasalance scale and rating of nasality there was no
significant correlation (0.26) for denasalized phonation of

vowels /al,lil,/lul.
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Cases :

Three cleft Palate and 1 case with soft palate paralysis
with nasality. Correlation between objective scaling and
subj ective ratings were also checked. When conpared to that
of normal subjects, the cases had high correlation between
objective scaling and nasality ratings by judges for both

vowel s as well as sentences used.

The results are (presented in Table - 10 also) as follows

| Nonnasal phonation of /a/, /i/l, /ul.

(1) Nasal ance score and nasal ance scale, there was a high
positive correlation (0.89).

(2) Nasal ance score and ratings of nasality, there was a high
positive correlation (0.89).

(3) Nasalance scale and nasality rating, there was a high

positive correlation (0.71)

Il Nasalized phonation of /a/, /i/, [ul.

(1) Nasal ance score and nasal ance scale, there was a high
positive correlation (0.89).

(2) Nasal ance score and rating of nasality, there was a high
positive correlation (0.73).

(3) Nasal ance scale and rating of nasality, there was a high

positive correlation (0.83).



TABLE -8 Conparision Ibetween objective and subjective rating of nasality.

(MALES)

Correlation Signi ficance

Nonnasal /a/,/il,/ul Nasalance score and 0.766

phonati on Nasal ance scal e

Nonnasal /a/,/i/,/u/ Nasalance score and 0.121

phonation rating of nasality

Nonnasal /al,/il,/u/ Nasalance scale and 0. 167

phonat i on rating of nasality

Nasal /al,lil,/ul Nasal ance score and 0.847 H
phonati on Nasal ance scal e

Nasal /al,lil,/ul Nasal ance score and 0.25

phonati on rating of nasality

Nasal /al,lil,lul Nasal ance scal e and 0.55 +
phonation rating of nasality

Denasal /al,/il,/ul  Nasalance score and 0.56 +
phonation Nasal ance scal e

Denasal /al,/il,/ul  Nasalance score and 0.41 +
phonation rating of nasality

Denasal /al,/i/,/ul  Nasalance scale and 0.86 +
phonati on rating of nasality

Nasal and nonnasal Nasal ance score and 0.97 H
sent ences Nasal ance scal e

Nasal and nonnasal Nasal ance score and 0.91 H
sent ences rating of nasality

Nasal and nonnasal Nasal ance scal e and 0.85

sent ences rating of nasality
Note :- (++) - Indicate high positive correlation

(_

+
(+) - significant correlation
) - Nosignificant correlation



TABLE -9 Conparision between objective and subjective rating of nasality.

( FEMALES)
Correlation Significance

Nonnasal /a/,/i/,/ul Nasalance score and 0. 696 +
phonati on Nasal ance scal e
Nonnasal /al,/il,/ul Nasalance score and 0.28 _
phonat i on rating of nasality
Nonnasal /al,/il,/ul Nasalance scale and 0.35 _
phonat i on rating of nasality

) +
Nasal fal,lil,[ul Nasal ance score and 0.79
phonati on Nasal ance scal e
Nasal fal,lil,/ul Nasal ance score and 0.48 +
phonat i on rating of nasality
Nasal /al,/il,/ul Nasal ance scal e and 0. 40 +
phonat i on rating of nasality
Denasal /al,/il,/ul  Nasalance score and 0.69
phonat i on Nasal ance scal e
Cenasal /al,/il,/u/l  Nasalance score and 0.36
phonat i on rating of nasality
Denasal /al,/i/,/u/  Nasalance scale and 0.35
phonat i on rating of nasality
Nasal and nonnasal Nasal ance score and 0.98 ++
sentences Nasal ance scal e
Nasal and nonnasal Nasal ance score and 0.96 +
sentences rating of nasality
Nasal and nonnasal Nasal ance scal e and 0.96 ++
sent ences rating of nasality

Note :- (++) - Indicate high positive correlation
(+) - significant correlation
() - No significant correlation



TABLE -10 Conparision between objective and subjective rating of nasality.

( CASES)
Correlation Signi ficance

Nonnasal /a/,/i/,/ul Nasalance score and 0.89 "
phonati on Nasal ance scal e

Nonnasal /al,/il,/ul Nasalance score and 0.59 +
phonati on rating of nasality

Nonnasal /al,/il,/ul Nasalance scale and 0.711 ++
phonat i on rating of nasality

Masai /al,/il,lul Nasal ance score and 0.89 +
phonat i on Nasal ance scal e

Nasal /al,lil,lul Nasal ance score and 0.67 ++
phonat i on rating of nasality

Nasal /al,lil,lul Nasal ance scal e and 0.83 ++
phonat i on rating of nasality

Denasal /a/,/il/,/u/l  Nasalance score and 0.91 +
phonati on Nasal ance scal e

Denasal /al,/i/,/u/  Nasalance score and 0.91 +
phonat i on rating of nasality

Denasal /a/,/i/,/u/  Nasalance scale and 0.91 +
phonat i on rating of nasality

Nasal and nonnasal Nasal ance score and 0.88 +
sentences Nasal ance scal e

Nasal and nonnasal Nasal ance score and 0.91 H
sentences rating of nasality

Nasal and nonnasal Nasal ance scal e and 0.87 ++
sentences rating of nasality

Note .- (++) - Indicate high positive correlation
(+) - significant correlation
() - No significant correlation



TABLE -11 Conparision between objective and subjective rating of nasality. (Hales

and females conbined.)

Correlation

Signi ficance

Nonnasal /al,lil,/ul
phonati on

Nonnasal /al,/il,/ul
phonation

Nonnasal /al,lil,/ul
phonati on

Nasal /al,/il,/ul
phonati on

Nasal fal,/lil,/ul
phonati on

Nasal /al,/il,/ul
phonat i on

Denasal /al,/il,/ul
phonati on

Denasal /al,/il,/ul
phonat i on

Denasal /al,/il,/ul
phonati on

Nasal and nonnasa
sentences

Nasal and nonnasa
sent ences

Nasal and nonnasa
sentences

Nasal ance score and
Nasal ance scal e

Nasal ance score and
rating of nasality

Nasal ance scal e and
rating of nasality
Nasal ance score and

Nasal ance scal e

Nasal ance score and
rating of nasality

Nasal ance scal e and
rating of nasality

Nasal ance score and
Nasal ance scal e

Nasal ance score and
rating of nasality

Nasal ance scal e and
rating of nasality

Nasal ance score and
Nasal ance scal e

Nasal ance score and
rating of nasality

Nasal ance scal e and
rating of nasality

0.64

0.18

0.13

0.83

0.37

0.45

0.58

0.24

0.26

0.98

0.73

0.93

++

++

++

+

++

++

++

Note :- (+4) -

Indi cate high positive correlation

(4) - significant correlation
() - Nosignificant correlation
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|1l Denasalized phonation of /a/, /il, [lul.
(1) Nasal ance score and nasal ance scale, there was a high

positive correlation (0.91).

(2) Nasal ance score and rating of nasality, there was a high
positive correlation (0.91).

(3) Nasal ance scale and rating of nasality, there was a high
positive correlation (0.98).

|V Sentences :- (nonnasal and nasal)

(1) Nasal ance score and nasal ance scale, there was a high
positive correlation (0.88).

(2) Nasal ance score and rating of nasality, there was a high
positive correlation (0.91).

(3) Nasal ance scale and rating of nasality, there was a high

positive correlation (0.87).

Anal ysi s of t he results of conpari son bet ween
i nst rument al ratings and subjective ratings of nmales,
femal es and cases with nasality indicate that
(1) A high positive correlation between nasal ance scores and
nasal ance scale for all types of speech sanples. So this
nasal ance scale can be standardized and it can be used for

clinical purposes. The scale used is as foll ows.
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0 - 15 - Denasa

15 - 30 - Nor nal

30 - 45 - Mldly nasal

45 - 60 -  Mderately nasal

60 - 75 - severely nasal

75 - above - Very severely nasal

This can be thus used to assess the severity of nasality
present in a particular case.
(2) Anmong all the speech sanples used, sentences had a high
correlation with that of the subjective ratings. So, for the
assessnent purposes it is better to use continuous speech
rather than phonation. Thus the hypothesis No 3 is agreed
upon that there is no significant <correlation between
subjective ratings of nasality and objective scaling of
artificially produced nasality by normal subjects.
(3) There was a correlation between the objective and
subjective rating of the nasality scores of /al/, [il, [ul
under nasal, denasal and normal condition. But they did not
have hi gh correl ation.
(4) There was high positive correlation between subjective
ratings and objective ratings for cases with nasality. Thus
the hypothesis is rejected. That is "there was no significant
correlation between subjective and objective ratings of

nasality in cases".
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Fl et cher (1978) Examned the relationship between
perceived nasality and instrunental neasures of nasalance
through a series of conparisons.

He reported that before they were asked to judge the
nasality, they were given a prior auditory training for
assessing nasality. Only after progressing through the
training task, listener to listener agreenent increased. He
suggests that they were "tuning in" to a combn acoustic
elements in the spoken pattern. O particular inportance was
that as the listeners perceptual ratings becones nore closely
aligned, or agreed with the instrunentally derived nasal ance
scores systematically increased. That is, greater precision
in listings lead to correspondingly higher agreement with the
instrumental scores, suggesting that the perceptual and

i nstrunental observati on had a commpn basi s.

So it is clear that the human ear is not "tuned in" for
classifying the nasality based on the severity, wthout prior
training. Which is case in the present study, particularly*"

wth reference to vowel s used.

And it is inportant to note that the instrumentation
provided explicit information with respect to certain ranges
of nasal resonance that were particularly difficult for
listeners to resolve. For exanple, in the mdrange, when
listener to listener wvariability was high and interjudge

agreenent was low in classifying and explicitly rating the
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responses, t he i nstrumentation provi ded meani ngf u
differentiation of the degree of nasal resonance in talker's
responses.

A inportant aspect of above discussion is that, the
listener or judges should have prior training just before
sitting for assessing or rating of nasality. So, for the nost
purpose the instrunental neasures nmay be used as a valid

estimate of the degree of nasality.

The results of present study indicate that it is
possible to neasure the nasality (degree of nasality)

obj ectively using the Nasoneter.



GHAPTER - V

SUMVARY AND CONCLUSI ON

The nasal resonance is a highly distinctive readily
perceived acoustic quality which may occur wth orally
produced sounds to invoke specific phonetic contrasts. The
penetrating quality of nasality as an acoustic property is
unacceptable to listeners when it is injected domnantly and

nonphonetically into speech.

Despite its easily recognized presence, the degree of
excessive nasality in speech has been shown to be difficult
to establish perceptually (Bradford, Brooks and Shelton
(1964), Wwatterson and Emanuel (1981). There was a great need
for an objective neasurenent. Sever al instrunents are
avail able for measuring nasality. But there are several
[imtation wth the instrunent available for the measurenent
of nasality. The present study was carried out to find the
efficacy of the Nasoneter based on principles of instrunment
devel oped by Fletcher (1978) using conputer. And to find out
the possibilities of wusing this instrunent for the routine

clinical assessnent by devel oping a standard nasal ance scal e.

In the present study thirty normal subjects (15 males
and 15 females) and four subjects with nasality have been

used. Each subject was asked to phonate the vowels /a/, /il,
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[ ul with normal voice, wth instruction to nasalize the
voi ce during phonation and wth occluded nares. Sentences
wi th maxi mum nasal sounds (nasal sentences), sentences wth
m nimum or no nasal sounds (nonnasal sentences) were also
used. And thus nasal ance scores were obtained for each speech
sanpl es separately then this nasal ance scores for each speech
sanples were conpared with one another. And difference
between males and fenmales were also checked. These scores
were converted into a single nunber by using nasal ance scal e,
i.e., [ O - (0-15) - denasal, 1 - (15-30) - normal,
2 -(30-45) - mld, 3 - (45-60) - noderate, 4 - (60-75) -

severe, 5 - above 75- very severe].

Then all the speech sanples were random zed and were
submtted for subjective rating by three judges. They were
asked to judge the severity of nasality by using five point
scale after listening each sanple for three tinmes. They nade
markings in a responses sheet depending upon the severity of
nasality as they perceived, (denasal -0, normal -1, mld -2,
noderate -3, severe -4, very severe -5).

The subjective ratings were then conpared with that of
the objective scaling of nasality. Conclusions have been nade
based on the results of this study.

(1) There was a significant variation in nasalance score for

different stinmulus materials used.
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(2) There was no significant difference in nasal ance scores

between nales and fenmles on different stinmulus materials

used.

(3) Conparison of objective scaling and subjective rating of
nasality showed that there was a high correlation between
nasal ance score and nasal ance scal e.

Nasal ance scores of sentences had a high positive
correlation with the subjective rating. No other sanples

showed such high correlation.

Thus the study has shown that the Nasoneter can be used

to measure the nasality objectively in a clinical setup.
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