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GHAPTER - |

| NTRCDUCTI ON

Voi ce production in hunan beings i s an outcone of vi -
brations of vocal cords set by expiratory airflow \oice
Is used for speaking and singing. Sane speech apparat us
Is used but differently. S nging against speaking is a
natter of sophisticated use and precision in the use of

speech appar at us.

"The act of speaking is a very specialised way of
usi ng the vocal mechanism The act of singing is even
nore so. Speaking and singi ng demand a conbi nati on and
I nteraction of the mechani sns of respiration, phonation,

resonance and speech articul ation". (Boone, 1977).

Inprinciple there is no difference between the sounds
of speech and of singing. However in singing the consonants
shoul dnot break the flow of vocal sound in the sanme way as
I n speech. S nging denands consi derabl e resonance and arti

cul ation. (Butenschn and Bor ah grevi nk, 1982)*

I n singing the vowel s are prol onged si nce they are
especially suited to carry nelody. It follows that the
rhythmcal, dynamc and nel odic qualities of speaking and
singing differ only inregard to quantity and quality.
These fornmal el enents are conplicated by additional psycho-

| ogi cal factors and aesthetic requirenents. (Luchsinger, 1965)

Anot her maj or difference between speaki ng and si ngi ng

la rhythmc progression fromsound to sound and use of
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vowel s. According to Bunch (1982) "singing nekes some
poor speech habits difficult or inpossible. Good speech
habit is 'sine quo non' for beautiful singing voice. For
good speech habit invol ves good breathi ng habit, good
control of subglottic pressure, proper shaping of supra-
glottic air spaces and active use of articulators".

Fl uent speaking proceeds with continuously gliding
pitch fluctuations of speech nel ody. Speeking uses glid-
ing vocal inflections, which are not tied to discrete
tonel intervals. This variation of pitch occurs rapidly.

Singi ng however, requires that a nel ody be fol | owed
t hrough prescribed | eaps over the nusically custonmary dis-
crete intervals. Mreover, the rhythmcally fixed tona
steps ef singing may be sustained for |onger periods of
time(Luchsinger, 1965).

The mai n differences between speech and singing are
(a) lsochronismof vibration ef vocal fold which is not
nuch stressed in speech as while singing,
(b) More controlled breathing is seen singing.
(c) Geater vocal range ia used in singing as conparedto
speech.
(d) Vibrato, singer forments are used by singers.
(e) Vocal apparetus is under greater stress during sing-
i ng than speech.
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Achi everrent of |oudness with mnimal vocal effort is
of paramount concern for the professional vocalist, whose
| ivelihood depends on naintainance of a heal thy voi ce under
the nmeat stressful condition. (Perkins, 1971).

Good speakers enpl oy a range of an octave or nore.
The vocal range in singing is considerably w der with the
overal |l range (fromBass to Soprano) of about four octaves.
But usual Iy singers have pitch range of two and a half
octaves, but exceptional cases have been reported in which
si ngers have been able to produce as lowas 45 c/s and as
high aa 2048 c/s. Arnold (1965 ) states that "the untrained
singing voice will have a range of one end a half to two
octave or |eas while the trained singers may exceed their
limts as nuch as an octave or nore in sone cases". The
need of choosing the correct natural range of voice is
greater in singing than in speaking since the outer ends
of the singing range need very careful production and sho-
ul d not be overworked even in trained voice (Geene, 1964).

Various aspects of pul nonery function of the profe-
ssional singers have been the interest of voice researcers
froma long tine, the assunption being that the superior
vocal quality of the trained singer is due to a concom -
tant superiority invital capacity, in part reflecting and
in part stemming from an increased vol une.
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A basic requirenent for the trained speaker or singer
in the ability to prolong expiration whichis really the
ability to mintain a smoth steady air flow The deter-

m nation of the phonationtineis asinportant a phoni a-
tric test as atest for vital capacity. This provides in-
formation on the functional state of the entire respiratory
system (Dani el Boone 1971 and Luchsi nger, 1965).

Sheel a (1974) observed no significant difference in
vital capacity between trained and untrained singers and
al so | ow correl ation between phonation tine and vital
capacity.

Very fewstudies have been done in India on the acou-
stic analysis of voice in singing. This study is intended
at investigate some of the acoustic paraneters of voice

Need for the present study:

Speech science deals with the understanding of the
physi cal (acoustic), physiological (articulatory and aero-
dynam c) sad perceptual aspects of normal speech. Through
that it helps in the assessment and treatnment of speech and
| anguage di sorders and super normal use of speech like in
si ngi ng.

Vi know that readi ng, speaking sad singing are the
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different expressive forns of |anguage. There are several
studi es about the normal process of speech. But there
are very fewstudi es whi ch expl ai n the physical and phy-

siological aspects of reading and singing.

This study is an attenpt to investigate sone of the

Acousi t c par anet er s of voi cei nsi ngi ng.

Pur pose of t he St udy:

The aimof the present study is to investigate sone of

the Acousitc paraneters of voice 1in singing

This wi || be done by neasuri ng and conpari ngthe di -
fferent voi ce paraneters inthe foll owi ng conditi ons,

vi z. reading, reciting and si ngi ng

Hypot hesi s:

1. Thereis no significant difference in the Acoustic
paraneters anong the 3 conditions Viz., reading, reciting

and si ngi ng.

Auxi | ary Hypot hesi s:

1. There is no significant difference between readi ng and
reciting conditions in fenal e group when t he nean

f undenent al frequency i s conpar ed.
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2. There is no significant difference between singing and
reciting conditions in female group when the mean
fundenent al frequency i s conpared.

3. Thereis no significant difference between singing and
reading conditions in femal e group when the mean
fundanment al frequency is conpared.

4. There is no significant difference between reading end
reciting conditions in male group when the nean
fundanental frequency is conpared.

5. There is no significant difference between singing and
reciting conditions in male group the mean fundanent al
frequency is conpared.

6. There is no significant difference between singing and
reading conditions in male group when the mean funda-

nental frequency is conpared.

7. There is no significant difference between nal e and
femal e subjects in reading condition when fundanent al
frequency i s conpared.

8. There is no significant difference between nmale and
femal e subjects in reciting condition when nean
fundanment al frequencyis conpar ed.

9. There is no significant difference between mal e and
femal e subjects in singing condition when fundanent al
frequency is conpar ed.
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There is no significant difference between reading and
reciting conditions in fenmal e group when the range of
fundanental frequency is conpared.

There is no significant difference between singing and
reciting conditions in femal e group when the range of
fundamental frequency is conpared.

There is no significant difference between singing and
reading conditions in femal e group when the range of
fundamental frequency is conpared.

There is no significant difference between readi ng and
reciting conditions in male group when the range of
fundamental frequency is conpared.

There is no significant difference between singing and
reciting conditions in nmale group when the range of
fundanental frequency is conpared.

There is no significant difference between singing and
reading conditions in male group when the range of
fundanental frequency is conpared.

There is no significant difference between male and
fenale group in reading condition when the range of
fundanental frequency is conpared.

There is no significant difference between nale and
femal e group in reciting condition when the range of
fundanental frequency is conpared.

There is no significant difference between mal e and
femal e group in singing condition when the range of
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fundanent al frequencyi s conpar ed.

19. There is no significant difference between nal e and
femal e groups in reading, reciting and singing condi -
tions the vowel durations of /a/, /il & /ul is
conpar ed.

20. There is no significant difference between readi ng and
reciting conditionsinfenal egroupwhenthe vowel
duration of /a/ is conpared.

21. There is no significant difference between singing and
reciting conditions in fenmal e group when the vowel
duration of /a/ is conpared.

32. Thereis no significant difference between singing and
readi ng conditions i s fenal e group when t he vowel
duration of /a/ i s conpared.

23. There ia no significant difference between readi ng and
and reciting conditions in nal e group when the vowel
duration of /a/ i s conpared.

24. There is no significant di fference between si ngi ng
and reciting conditions i n nmal e group when t he vowel
durationof / a/ i s conpared.

25. There is no significant difference between singi nhg and
readi ng conditions i n nal e group when the vowel
durationof /al/ is conpared.

26. There is no significant differeaee between readi ng and
reciting conditions i n fenal e group when the vowel

durationof /i / is conpared.



27.

28.

29.

30.

36.

32.

33.

34.

35.

1.9

There is no significant difference between singing and
reciting conditions in fenal e group when t he vowel
duration of /i/ is conpared.

There is no significant difference between singing and
readi ng conditions in fenmal e group whan t he vowel
duration of /i/ is conpared.

There is no significant difference between readi ng and
reciting conditiona in nmal e group when the vowel dura-
tionof /i/ is conpared.

There is no significant difference between singing and
reciting conditions in nmala group when t he vowel
duration of /i / is conpared.

There is no significant difference between singi ng and
readi ng condi tions i n nmal e group when the vowel dura-
tionof /i / is conpared.

There is no significant difference between readi ng and
reciting conditions in fenal e group when t he vowel
duration of /u/ is conpared.

There is no significant difference between singi ng and
reciting conditions in fenal e group when the vowel
deration of /u/ is conpared.

There is no significant difference between singing and
readi ng conditions in fenmal e group when t he vowel
duration of /u/ is conpared.

There is no significant difference between readi ng and

reciting conditions in nal e group when the vowel
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duration of /u/ is conpar ed.

There is nosignificant difference between singing and
reciting conditions i s mal e group when the vowel
duration of /u/ is conpared.

There is no significant difference between sisging and
readi ng conditions in nal e group when t he vowel
duration of /u/ i s conpared.

There is no significant difference between readi ng and
reciting conditions in fermal e grogp when the nean word
duration i s conpared.

There is no significant difference between sisging and
reciting conditions in fenal e group when the nean word
duration i s conpar ed.

There is no significant difference between singi ng and
readi ng conditions in fenal e group when the nean word
duration i s conpar ed.

There is no significant difference between readi ng and
reciting conditions in nmal e group when the nmean word
duration is conpared.

There is no significant difference between singing and
reciting conditions in nmal e group when the nmean word
duration i s conpared.

There is ne significant difference between singing and
readi ng conditions in nmal e group when the nmean word

duration i s conpar ed.
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44, Thereisnosignificant differencebetweennal eand

femal e group in reading condition when the nmean word
durationis conpared

45. Thereisnosignificant differencebetweenmal eand

female group in reciting condition when the nean word
duration i s conpared.

46. There is no significant difference between nale and

femal e group in singing condition when the mean word
duration is conpared.

| nplications of the study:

This study provides information regarding:
a) Thechangesinfundanental frequency, rangeof fundam

mental frequency, vowel duration and word duration

with respect to reading, reciting and singing conditions

b) The differences in the above paraneters between nal es
and fenal es.
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CHAPTER - 1|

REVI EW OF LI TERATURE
The nost unifying theme for Speech and Misic is that both
of themprovide the ol dest, nmost common and nost efficient and
nost universal acoustical neans of expression of  enotions,
feelings, ideas and thoughts. Both of themnay be considered
as the highest manifestations and human conmuni cations.

Under st andi ng of speechinits various cannotations wth
regards to feelings, inpressions, sentinents etc. and the
appreciation of nusicinits aesthetic content and expression
of feeling are high order tasks involving Linguistics, Syntax
Semanti x sad ot her semotic properties. The tasks of identi-
fying phonetic units of speech, |ike phonenes (even words) in
speech end that of identifying notes and short nmovenents in
nusic are primary in nature. The constant interaction between
these two | evel s enabl es the attai nnent of perfection in per-
ception.

(Datta, Genguli and Dutta Naj under, 1983)

Sunder berg (1977) expl ai ns about singer's voice. The
voi ce organ obeys the sane acoustic laws in singing that it
does in ordinary speech. The radiated sound can be explai ned
by the properties of the voice - source spectrumand the for-
mants in singing as in speech. Froman acoustical point of
view, there is amajor difference between the way formant
frequenci es are chosen in speech and the way they are chosen
i n singing,and hence between the way vowel s are prodused in
singing sad the way they are produced in speech.

Dani el Boone (1971) states that "The best speakers and
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singers are often those persons who by natural gift or by
training or by a studied blend of both have nmastered the art
of optimally using the voice mechanisnf'. Singing requires al
that speaking does but for greater skills in all spheres
(Geene, 1972).

Snging is ahighly specialized formof using the vocal
organs that produces both the speaking and singing voice. we
knowl ess of the singing voide than of speaking voice(Boone,|971).

"Singing requires more exacting perfornmance in every
departnent than does speech, and it requires a conplete nastery
of t echni ques, the control
not merely of the mechanics of singing but of fine shades of
t ome col our which defy anal ysis bat convey the enotional
nessage of the passage. No such extraordinary physical de-
nmands are made upon the speaker" (Geene, 1972).

Proctor (1980) and Bunch (1982) believe that singingis
speci al i zation over speech. And some theories state that
"the human speech took origin fromsinging" (Oitchley, 1975).
It tastill not clear what led to what.

Fromthis, it can be concluded that singers have speci a-
| i zed thensel ves in using speech apparatus nore efficiently
for singing.

Conparison of respiration during quiet breathing, speaking
and si ngi ng, have shown that nore air i s used in singing as
conpared to quiet breathing. Al veolar pressure ranges from

hi ghnegativepressuresduringinspirationtorelativelyhigh
positive pressures during expiration while singing. But
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fluctuates only a fewcimof water in quiet breathing. It has
al so been found that expiratory air flows are [ owin speech
and si nging, higher inspiratory air-flowhave been found to

be associated te speeeh and much higher in singing. Further
Proctor (1980) states, that phonation either for speech or

si ngi ng deesnot demand hi gh degree of pressure but delicacy of
use of breathing mechanismis required.

Wi | e di scussi ng perception of vowels, Sundberg (1979)
states that singers learn te adopt vowels which are typically
different fromthat of normal speech.

In singing the vowel s are prol onged since they are espe-
cially suited to carry nelody, it follows that the rhythmcal,
dynam ¢ and nel odic qualities of speaking and singing differ
only inregard to quantity and quality. These formal elenents
are conplicated by additional psychol ogical factors and
aestheticrequirements. (LUCHSI NGER, 1965).

The attributes of voice are, Pitch, Loudness and quality,
know edge of pitch, its control mechani sm nodul ation and
mai ntai nance i s inportant for a singer.

Pitch is the psychol ogical correlate of frequency. There
i's no one to one relation between the two, as Stevens and
Davis (1938) say that the frequency of sound does not uniquely
determne its pitch. The relationship between fregnency and
pitchis logarithmc with intensity held constant; doubling the
frequency raises the pitch by an octave (Judson and weaver 1965).

According to Stevens and Davis (1935) the pitch of conplex
t one depends upon the frequency of its dom nant conmponent,
that is, the fundamental frequency in a conplex tone. Plonp(1967)
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found that even in a conplex tone, where the fundamenta
frequency i s absant or weak, the ear is capable of perceiving
t he fundamental frequency based on periodicity of pitch

Chal a (1978) states that pitch and fundenental frequency
areinterchangeableas it neans the rate of vibration of vocal
cords during phonation. The production of pitch and its
variation are not as sinple, the lacunais still there in
under st andi ng of there nechani sns in speech and little is
known regarding this mechanismin singing.

both quality and |oudness of voice are mainly
dependent upon the frequency of vibration. Hence it seens
apparent that frequency is an inportant paraneter of voice
(Anderson, 1961).

Pitchis determned by the nunber of vibrations (per
second) ef the vocal cords, and thus inturnis determned by
the length, mass and stiffness of the vocal cards. Thus the
mass, length and tension of the vocal cords determne the
fundament al frequency of voi ce.

Anat om cal |y t he average pitch of human voice varies with
|l ength and stiffness of the cords and al so age and sex. (Van
Riper and Irwin, 1958). Zi merman (1867) studied the voca
fold length in fifty singers. The soprano voice ranges from
14 to 18 mmin length, and tenor voice never exceeded 22 nmm
and a maxi muml ength of 25 nmwas found i n Bass voice. The
childs vocal cords are short and in woman usual |y shorter than
in man. A though less is known about nmass per unit |ength,
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this probably varies with age and sex (Borma, 1975). Various

i nvestigatorshavestudi edthechangesinfundanmental frequency
of voice with age. Some anong those are Feirbanks {1940, 1949)
Curry (1940), Sindocor (1943), HanKy (1949), M/sak (1950)
Samuel (1973), Usha Abraham(1978), Gopal (1980), Kushal Raj
(1983) and Rashm (1985).

Hol I i en and Col enman (1970) studied the vocal fold area
and t hi ckness as a function of fundanental frequency of phons-
tion using Stroboscopic Lam nograph (STRQL). Results indicated
a noderate trend forr vocal foldareato decrease0 w thincreasing
fundanental frequency and vocal thickness to decrease with
i ncreasi ng fundanent al frequency. The fundanent al frequency of
voice is referred to as pitch, is an inportant feature of speech
conveying both linguistic and non |ingustic informations.

Zinkin (1968) states that fundanmental frequency varies
dependi ng upon t he shape and vol une of the resonating tract
and is different for different vowels. Aterations of the
shape of the vocal tract shifts formant frequencies, and sin-
gers use this technique to inprove resonance and tone quality.

Range of pitch used for singing by nmost singers is 2 to
2 1/ 2 octaves. The range or conpare of the human voice reach, is
fromthe LONC (64 c/s)of a deep Besso to the G, of the Soprano
resultsin 5 actaves. Luchsinger (1965) studied the voice of
a femal e singer and found the range as 41/ 2 octaves. Fairbanks
(1949) comments on the fact that very fewcol arature Sopranos
can achi eve a range in singing covering 3 octaves above md C
She chil d's singing ranges which varies very little in boys and
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girls covers the mddle octave at the age of 7 years and at

8 years the [ower range is slightly extended and the voice ranges
fromB, to Bs. At 9 years the range extends alittle further

in both directions to B, to D

A special classification for the speaking voi ce doesnot
exist. The singing voice fully justifies a well defined cla-
ssification because of its notable extension and the vocal
texture. However the classification of singing voice presents
probl ems not easily solved. There primarily 6 main classifi-
cations ranging fromthe | owest to the highest. They are Bass,
Baritone tenor, Coutralto, Mezzo soprano and Soprano (G eene, 1964)
The I aryngeal di mensions are the main determ nants of the above
type ef voice. It also depends on body type, di nensions of
supraglottic resonators, artistic inclination, vocal education,
personal ity structure and cultural influences.

O eveland (1977) considers that the quality of the speak-
ing voice is often an indication of the correct classification
for a singing voice.

Fundanent al frequency seems to be the main acoustic cus in
theclassificationof voice (Col eman, 1976; Oeveland, 1977).
However, formant frequencies typically differ between Bass,
Baritone and tenor voices. This difference reflects the diffe-
reces in the pharynx to nouth length rati o which serves as
secondary cue in voice classification. Thus physiol ogically
t he maxi numrange of pitch is determnedby the length and
shape of the singer's vocal folds, shape of the vocal tract and
ability to co-ordinate nuscles for phonation.
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Vibrato is an essantial characteristic ef singing voice.
The artisticquality of singingis frequently judged by the
presense of vibrato in the voice. Sea shore (1932) has de-
fined a good vibrato as a "pul sation usual |y acconpani ed with
synchronous pul sations of |oudness and tinbre, of such a ex-
tent and rate as to give a pleasing flexibility, tenderness
and richness to the tone". Average rate of vibrato of a good
singer is 6 to 7 c/s is found by Seashore (1935), Vennard
etal (1971), Luchsinger and Arnold (1970) Larger and Iwata (1971)
and shipp etal (1980). Human ear can pick up pul sations sl ower
than 5 per second as separate pitches which are unpl easant and
referred as wobble t tines and can be result of fatigue, ten-
sion or excessive contraction of the itnrinsic nuscles of the
| arynx (Souni enen, 1970, Sounienen etal, 1972)

Van den Berg (1968) Vennard etal (1971) etc have extensively
studiedtheregistersin singing. Bunch (1982) quotes
Nadol ei zny' s vi ew, based on his work of 1923, whichit states
t hat an enaggerated vibrato, or a rate nore than 8 pul sations
per second is considered fast and referred as bleat or trenole.
Thi s causes too nuch pressure on vocal folds. Mdern rock and
di scot heque nusic do not care for vibrato which makes their
singing "yelling" |ike putting nore strain on vocal apparatus
(Bunch, 1982). Wnckel (1971) believes that vibrato is due to
fluctuating activity in vocal nuscul atures. Large (1973)
suggests its conbined |aryngeal and respiratory nechani sm
with laryngeal factor as being domnant. It is defined as
series of succeeding sounds of equal quality on a scale from
| ow to high produced by the application of the same nechani cal
principle, the nature of which differs basically from anot her
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series of succeeding sounds of equal quality produced by another
nmechani cal principle", still Bunch (1982) further states that
this definition of register is considered as conprehensive and
classic current concept is that there are 3 basic registers,

the glottal fry, nodal and Falsetto; flute and whistle are

i ncluded as the extrene top.

(Boone (1971) states that "related to the production of
voi ce pitch range of any individual is voice register". It
appears that a particular register characerizes a certain
pattern of vocal cord vibration with the vocal cords approxi-
mated in a simlar way through out the pitch range. Once the
pitch range reaches its maximumlimt the folds adjust to new
approxi mation contour, which produces an abrupt change in
vocal quality.) Van Den Berg (1959) classifies and describes
voi ce registers as, chest, md voice and Fal setto; fromthe
percept ual view point voice register is confined to the simlar
sound of theindividual voice at various pitches. Kl ein(1967)
states that the | ower tones have bean call ed the chest regi -
ster and the higher tone has been cal |l ed as upper register or
head register.

Mbses (1954) states that "register, refers to a physical
acoustic event which results froman energetic change wthin
the muscul ar coordination ef the vocal cords", Insingingfrom
t he highest tones possible to the | owest, the untrained singer
first passes a sequence of tones which seens unified. Then he
comes to a node, a swtching point fromwhich he continues wth
a sequence of tone of a different character, then he reaches
anot her node and switches to the | owest third of the range in
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a specific tone quality. The trained singer does not reveal
these nodes since he has learned to unify the hear register.
the mxed and the chest register. The mxed register is that
conmbi nation of the head and chest register. This is used in
normal speaking, it is a well balanced coordination of the
wi dth of the vocal cords. (Mses, 1954).

Usual Iy a singer adopts two techniques to achieve equali-
zation of register, are is to "cover" or darken the tone at
transition point, the toher is to nodify the vowel sounds,

The first is achieved by nmore space being maintani ned in pharynx
and the larynx remains noderately | ow (Luchsinger and Arnold,
1965; Bunch, 1977, Sunderberg, 1977).

Formants are the peaks in the sound spectrum which include
one or nore haronmncs, and are independent of the pitch being
sung. These can be varied by changing the position of articu-
| ators. One can change two | owest formant frequencies two
octave or nore by changing the position of the articul ators.

H gher formants frequencies cannot be varied much. They give
individuality to the voice characteristics. In singing nore

or less substantial deviations are observed fromvowel ranges.

| ndeed a nal e opera singer may change the formant frequencies
so nuch that they enter the area of different vowel. For in
stance, in vowel (i) as sung the |owest two formant frequencies
may be those of vowel (y) still we tend to identify such vowel
structure. This shows the frequencies of the | owest for-

mants do not determne the vowel identity entirely.

Duni triev and Kiselev (1979) studied the relationship
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between the formant structure of different types of singing

voi ces and the dimensions of supraglottic cavities. Integrated
spectra of different type of singing voices were obtained, each
type characteristic of a certain frequency range for high and

| ow singing formants. They showed that the formant frequency
increases in the follow ng order: Bass, baritone, nezzo-sporano
and sopr ano.

The "singing formant" i s a hi gh spectrumenvel ope peak near
2.8 K characteristic of vowel sounds in mael western opera and
concert singing. These "singer's formants" have been studied
fromacoustic and perceptional points by sundberg (1974). There
are strong reasons to assune that there is an acoustic con:
of clusteringof thethird, fourthandfifthformant frequencies.
| f formant s approached eachother infrequency, theability of
the vocal tract to transfer sound increases in the correspond-
ing region. Hence they seemto be primarily due to respiratory
phenonenon. An articulatory configuration which clusters the
hi gher formants in such a way that a "singer's formant" is
generated by involving a W de pharynx which appears to result
fromlowering the larynx. (Sundberg, 1974; Hol hein etal, 1978).

Bunch (1982) states that the phonetic quality of vowel is
due to resonances in the vocal tract altered by the position
of the articulator. Singers nake use of this in singing also
in ascendi ng and descending scale. Wnckel (1967) states that
a soprano voice that ascends to the level of O; where the voice
will be able tostinulate only the formants of the bright
vowel s. Smal | but significant adjustments have to be made in
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the shape of the resonators to produce appropriate vowel sounds.
The gradual and control [ ed nodificationis soft palate is also
called as "covering". There is controversy on the term but
essentially it nmeans acoustical consequence with basic resona-
tory changes. This means that the singer has given nore
pharyngeal space to a sound by keeping the soft palate
high whileallowngthe [arynx to remn confortably |ow

(Bunch and Sonni en, 1977).

Vocal quality is the element in singing which attracts
the listener. This quality is determned by two factors -
(1) physical characteristics, ideally symmetrical bony stru-
ctures of head, high w de dental archade, shape and | ength of
the vocal tract including palate, vocal folds, all helpin
determning the vocal quality. (2) Efficient coordination of
the various alterable and unalterable parts of the vocal inst-
ruments parts eg. the nmost favourable conditions of the pharynx
for vocal quality are an el evated soft palate, confortable | ow
| arynx, relaxed tongue and | ack of tensionin the neck and
chest, facial nuscles, position of jawrigidity of tongue, nani-
pul ation of pharyngeal isthunus, enotional and physical health
can reflect the quality of voice (Sundberg, 1978; Bunch 1982).

Frequency Range in Speech:

The patterned variations of pitch over linguistic units of
differing length (syllables, words, phrases, clauses, paragra-
phs) yield the critical prosodic feature, namely Intonation
(Freeman, 1982). The fundamental frequency of phonation varies
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during speech. This range is called speech range or the speech
frequency raage by Hrano (1981). As discussed by Fairbanks and
Pronovast (1939) variations in fundamental frequency and the ex-
tent of range used are also relate to the intent of the speaker.
The spread of frequency change used corresspondsto the nood of

the speaker. cheerful animated speech exhibits greater range
use than serious thoughtful speech (Skinner, 1935).

Changes in duration and fundanental frequency during sylla-
bl e el enents of words are basic to the nelody and rhythm patt-
erns unique to English. Stressed syllables are perceived as
being higher in pitch than unstressed syllables (Freeman, 1982).

Hudson and Hol brook (1981) studied the fundamental vocal
frequency range in reading, in a group of young black adults,
age ranging from13 to 29 years. Their resutls indicated a
nmean range from81.95 to 158.50 Hz in males and 139.05 to
266.10 Hz in females, conpared to a simlar white popul ation
studied by Pitch and Hol brook (1970), the black popul ation had
greater mean fregeuncy ranges, Hudson (1981) pointed out that
such patterns of vocal behaviour may be inportant clues which
alert the listener to the speaker's racial identity.

Abnormal pitch ranges, have been found to be used in
di fferent pathological conditions (Huntington 1965, Doherty,
1980) .

Very few studies have been done, to determne the range of
fundanental frequency during reading, reciting and singing.
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Therefore it is intended to study the range in the above men-
tioned conditions.

Fundanent al Frequency:

Fundanental frequency used by an individual in phonation is
not a true representation of fundamental frequency used in
speech. Hence it becomes inportant to eval uate the speaking
fundanental frequency.

Many investigators have studied the speaking fundanental
frequency as a function of age and in various pathol ogical
conditions. But relatively little is known about the speaking
fundamental frequency during reading and reciting.

Most of the therapies of voice disorders are based on the
assunption that each individual has an optinmumpitch at which
the voice will be a good quality and will have maxinuminten-
sity with | east expense of energy (Nataraja and Jayaram 1982).

M chel, Hollien and More (1965) studied the speaking
fundament al frequency characteristicsof 15, 16and 17 years
old girls, inorder to determne the age at which adult female
speaki ng fundanmental frequencies are established. Their results
i ndicated that females attain adult speaking fundanental freque-
ncies by fifteen age years of age. In order to determne when
adult frequencies are first evidenced, it is necessary to study
the girls of fourteen years and younger. (M chek, Hollien and
More, 1965).
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Hudson and Hol brook (1981) investigated the nean nodal
fundanental frequency, in reading, in two hundred young bl ack
adul ts whose age ranged from18 to 29 years and found it to be
110.15 Hz in males and 193.10 in females. Conpared to a sim-
| ar white popul ation studiedby Fitch and Hol brook (1970), the
bl ack popul ation had | ower nmean nodal fundanental frequencies.

The fundamental vocal frequency is recognized as an inpor-
tant characteritic of expressive language in a society that
I s becom ng i ncreasingly dependent on the spoken word to con-
vey information

Past research on this topic have shown that the fundanenta
vocal frequency is dynam ¢ and provided inportant clues regard-
ing the enotional state, type of speech, activity, race, sex
and physical maturity of the speaker.

|t has been shown-that different enotional states produce
distinctive differences in the fundamental (Cowan, 1936, Fair-
banks and Pronovast, 1939, WIllianms and Stevens, 1972) that
the mean fundanental is higher for reading than speaking
(Hanl ey 1951, Hollien and Jackson, 1973, Mysak 1959, Schultz-
coul on 1975, Suidecor 1943) that fundanental characeristics
which differenciate the sex of the speakers are nost noticeabl e
during puberty when the fundanental drops approxi mately one
octave but a | eas noticeabl e change occurs in females (Duffy
1970, Fitch and Hol brook 1970, Hol lien, MalciK and Hollien 1965
Hol i en and Paul 1969, Hollien and Shipp 1972).
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Not many attenpts have been nade to note the vari a-
tions of speaking fundanental frequency during readi ng
and reciting. It was, therefore decided to investigate

this in the present study.

\Vowel Duration:

I n speech, vowel and consonant interact. The tongue
doesnot conpl etely shape itself for the vowel but retains
aspects of the consonant throughout the syllable. This
I nconpl et eness of vcwel is characteristic of speech, in

rapi d speech consonants tend to be increasingly dom nant.

Insinging, the words are presented artificially,
because t he conposer dictates the pitch
and durations of the notes, under such circunstances the
vowel dom nates the consonant sicnce it can be sustai ned
and devel oped, and therefore projected for the better

acoustical ly. (Buten schon and Borah grevi nk, 1982).

S ngi ng prol ongs the vowel s, since they are especi a-
|y suited to carry nelody. It follows that the rhyth-
m cal , dynamc and nel odi c quantities of speaki ng and
singingdiffereonly inregard to quantity and quality,
(Luchsi nger, 1965).

In speech the I ong vowel in speech has a relatively

| ong duration, and therefore can be shaped nore conpl etely,

substituting | ong vowel for a short vowel sound will entirely
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change the neaning of a word.

In singing an awkward situation often arises when
the perfornmer is asked to sing a long note on a short
vowel sound. On occassions it may even be necessary to
change notes one the sane short vowel sound. As this dis-
torts the length of the vowel, it is inportant not to | ose
the original quality and character of the short vowel

sound, otherwsie the word will not be understood.

In speech the vowel has four characteristics: Vol une,

pitch, infelciton and duration.

A stressed vowel either increases in volume and then
decreases or starts at full volune in which case the stress
wll be nore extrene. The vowel may change pitch, gliding
upwar ds or downwards or rising and falling: the nore it
variesinitself the stronger the stresswill be. Astre-

ssed vowel is of relatively | ong durati on.

Anunstressedvowel isinvariableinits vol une and
inflection, isof relatively short duration and being a
short vowel is characterisedby a blurred or indistinct
form Along vowel in an unstressed position ia al so

bl urr ed.

I n song, as i n speech, vowel stressinsongis pro-
duced by nmeans of a' O escendo or decrescendo', and in the
case of strng stress the vowel has to be started fall

vol une, however pitch is determned by the nel ody and



2. 17

| ength by the value of the note. The volune of an unstre-
ssed vowel is stable. In speech a [ong vowel sound is
blurred in an unstressed position, in song it nust be dis-
tinct in the unstressed position. This is an inportant
factor in clear enunciation of the words in singing.

(But enschn and Bor chgrevink, 1982).

Raj apurohit (1982) made oscill opgraphi c neasurenents
of duration of vowels in initial, medial and final position.

The absol ute duration of vowels in mlliseconds in
all 3 positions have been tabulated in the follow ng table.

Initial Medi al Fi na
i 75. 00 60. 77 80. 81
I 132. 00 136. 41 138. 16
e 114. 00 83. 16 118. 85
€. 151. 16
a 67.13 71. 84 68. 54
a 169. 50 157. 80 138. 06
0 98. 00 84. 00
0: 196. 66 146. 22
u 64.73 58. 05 84. 98
u: 150. 00 168. 00

75. 14 64. 08

194. 00

Spectral anal ysis of sung vowel s was done by Bl oo-
thooft and Plonp (1984).x They studied the variation due
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to differences between vowel s, singers and modes of singing.

Average 1/ 3 octave filter spectra of vowels, sung by
7 xx male and 7 professional female singers were neasured
The material consisted of nine different vowels, sung at
si x fundamental frequencies (ranging from93 upto 880 Hz).
For each vowwel the singers were requested to sing in the
fol l ow ng nine nodes neutral, |ight, dark, pressed, free
| oud, soft, straight, and extra vibrato.

A consi derabl e decrease in total spectral variance
was found when fundanental frequency rose from98 to 880 Hz
nostly due to the reduced spectral variance between vowels.
Above, about fundanental frequency - 660 Hz spectral vari -
ation was domnated by differences related to singers and
node of singing.

Additional a nalysis revealed that for all fundanenta
frequency val ues (1) Vowel spectra of the Tenor and the
soprano singers varied nore than those of the Bass and the
alto singers. (2) There was only a slight dependence of
spectral differences between vowel s on the node of sing-
ing and (3) The amount of spectral variation in a vowel,
sung by differenct singers with different nodes of singing,
was vowel dependent.

The literature contains very little about gross as-
pects of speech timng, as the durations of vowels and
consonant s (Kent, 1976) .
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Di Sinoni (1974) nmade oscill ographi c neasurenents of
vowel and consonant durations in CVC and VCV utterences,
of children aged 3,6 and 9 years. The concl usion of these
studies was that the variability of the durations tended
to decrease with age. In addition, the vowel duration in
t he voicel ess consonant enviornnents remai ned rel atively

constant for all ages tested, while the duration of vo\
I n voi ced consonant enviornnments were found to increase
wi th age. Vowel durational values conpared both voiced
an voi cel ess consonant enviornnments were found to be
significantly different in 6 and 9 years old subjects

but not in 3 year eld subjects.

Vowel duration in mninmal pains differing only in the
voi ci ng characterstic of the final consonant was st udi ed
by Raphael , Dorman and Gef fuen (1980), in 3 and 4 year old
children. Spectrographic analysis reveal ed that children
produced vowel duration differences of the sane nature
and magni tude as those found i n adult speakers utterances.
They al so reported that the duration of voicing daring the
final consonant closure, are reliable predictors of the

voi ci ngcharacteristicsof thefinal consonant.

Previ ous investigators have shown that vowel duration
decreases as the nunber of syllables in a word increases.
When carrier phrases consitute the material Unmeda found

(1972) that, connected text factors ot her then t he nunber
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of syllables in the word have stronger influence in vowel
duration. It turned out that differences were very snall

i f present at all, in vowel duration in connected text
material. In 1974 Umeda studied the 'effects of speaking
node on tenporal factors in speech’'. This investigation
was conducted to find whether the differences result

from speakers idisyncracies or romdifferent speech
nodes-carrier phrase reading and connected speech. Results
i ndi cated the dependence of vowel duration on nunber of
syllables is one of the domnating factors in the carrier
phrase node, but is a negligle factor in connected speech.

Because fewdate have been reported an the durations
of segments inchildren'sconnected, meani ngful speech,
it isnot clear at this tinme if |engtheningof segmentsis
a uniformproperty of children' speech.

Vowel duration has been measured in various | anguages
English (Klatt 1980; Raphael et al 1975; Wl sh and Parker
1981); Kannada (Raj apurohit, 1982), Mal ayal am( Vel ayudan),
Tam/| (Bal asubramiam 1981), Japanese (Honma, 1981),
French (O Shanghnessy, 1981, Meck, 1982), Swedi sh (Lyberg
1981), Hungarian (Fonagy, Fonagy and Dupuy, 1980) and in
Dut ch ( Noot e boom 1972).

Pet erson and Lehi ste (1960) neasured t he average dura-
tions of the English vowels shownin figure.
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4o 5

IN CENT! SECONDS

DURATION

i1 édexadaoodvunuagd Fa

Durations of individual segenents differe widely from
t hese averages due to systematic influences of phonetic
and syntactic environnments. There are a host of variables
whi ch affect the durations, summarized in the table bel ow,
Tabl e:

Factors that influence the durational structure of
a sentence (Klatt, 1976):
Extra |inguistic:

| Psychol ogi cal and Physical state (WIIlianms and Stevens,
1972)

Speaki ng rat e (Huggei ns, 1964; ol dnman Ei sl er, 1968).

D scourse | evel :

Positionw t hi naparagraph(Lehiste, 1975)

Semanti c:
(Enphasi s and Sanmanti c novel ty (Coker et. al. 1973).
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Syntacti c:
Phrase structurelongthening(Mrtin, 1970; Kl att 1975)

Vorld |evel:
VWrd final | engthening (Lehiste, 1972; Oler, 1973)

Phonol ogi cal / phoneti c:

| nher ent phonol ogi cal duration for a segment (Peterson
and Lehiste, 1960).

Effect of linguistic stress (Paramenter end Trevino, 1936)
Ef f ect of post vocalic consonant (House and Fai rbanks 1953)
Segment al iinteractions, for exanpl econsonant cl usters
(Klatt, 1973; Haggord, 1973).

Physi ol ogi cal Inconmpressibility (Klatt, 1973).

The syl | abl e or syllables at the end of a sentence
are | onger than they woul d be within an utterance (CGaiten-
by, 1965). Aword spoken in isolation is about the same
duration as it would be at the end of an utterance,

and perhaps as nuch as twi ce as long as it woul d be at the
begi nning of a sentence. This durational effect is called
' Pre-pausal |engthening' .* The syllable before the pause

i ncreases by about 60-200 m|liseconds. Wth nost of the
durational increment restricted to the vowel and any post
vocal i ¢ sonorant or fricative consonants (Qler, 1973;
Klatt, 1975).

Lybers reported a strong rel ati onshi p between duratin
and the fundanental frequency change. Further he says that
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the fundanmental frequency contour can never be a secondary
effect of the segnent durations and that it seens quite
possi bl e to generate the fundmental frequency contour only
fromduration val ues.

Lee (1978) has reported that the shape of the funda-
ment al frequency contour determnesthedifferencein
duration between tone classes primarily. The intrinsic
duration of a vowel in atonelanguageis conditioned
by the tone that the vowel carries. Notteboom (1972)
Cooper (1976), Lindblometal (1976) and Lehiste (1976)
on the other hand, have observed the duration to be inde-
pendent of the fundamental frequency contour.

Klatt (1976) states that the duration of the prece-
ding vowel is often cited as an inportant cue to the voi -
cing feature of final stop consonants in English, preceding
vowel duration has been called under certain conditions
aprimry (Katt, 1976) and even necessary (Raphael, 1972)
cue to the voicing distinction).

In neutral speech, vowel duration differences are
probably neither necessary, nor adequate cues to this dis-
tinction and that voicing during closure may be required
to di sambi guate voiced stops (Wardrip-Frun, 1982).

For American English, the finding or shorter vowel
duration before voicel ess as opposed to voiced stops is
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consistent over a |large nunber of adult speakers, studies
and phonetic environments (House, 1961, House and Fair-
banks, 1953, Klatt, 1973). For the pre-pausal syllables
the vowel before the voicel ess cognate averages about
60% (range 52%to 69% of the vowel before the voiced
cognat e.

Col I'ing, Rosenbek and Wertz (1983) pointed out that
nost nornal speakers of English reduce the duration of
the vowel, as the words increase in |ength.

| nvestigations of adults speech have revealed that
the timng of speech movements is uder fine control,such
that successive novenments in the production of a phonetic
sequence may be seperated by as little as ten mlliseconds
(Kent, 1976). It is likely that timng variables could
provide a sensitive metric for the evaluation of the
neuromuscul ar maturation of the speech nechani sm

Nataraj a and Jagadeesh (1984) have shown a relation-
ship between fundamental frequency of voice and vowel
durati on.

Not many reports are available to showthe variations
in the duration of vowels in different conditions Iike
reading reciting and singing. Hence it was decided to
determne vowel duration in above nentioned conditions.
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Word Duration:

In the course of work on language identification and
word spotting it has becone evident that infornmation about
the durational characteristics of speech segments will be
useful (Crystal and House, 1982).

Most of the published studies dealing with durational
phenonena are concerned with the segnental features of
speech, but there has been work at the prosodic |evel -
some dealing with vowel durations (Lehiste, 1970, Noote-
boom 1972) Lindblom 1975; Harris and Ureda, 1974) and
some with pauses and hesitationa phenonenon (Gol dman-
Eisler, 1961, Boonmer and Dittman, 1962). Various reports
have described factors that mght be responsible for
differences in speech rate. For exanple, there is sone
evi dence, that, for nost | anguages variations in speech
rate are due primarily to variations in the durations of
pauses (Goldman - Eisler, 1961, 1968; Han, 1966; G o0sjean
and Des chaunpe, 1975; Lass and Deem 1972).

Fl uent pauses may occur within sentences, especially
between words that are not syntactically related (Klatt

1971).
Li ndbl om and Rapp (1973) have anal yzed a large quantity

of production data for Swedish in which they observe
| engt hening at the ends of linguistc units that include
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the R3] (13 eh rae ad eah vad Te cHa ae &
cribed by a set of recursive shortening rules that apply
sequential ly at the sentence, phrase and word levles. It
is of sone interest to determ ne whether this hierarchy

IS present in other |anguage and/or whether it reflects

the structure of sentence planning and production stra-

tegies taking place in brain (Klatt, 1976).

Martin (1970) showed that segnents tended to be | en-
gt hened in spontani ous speech just prior to major gramma-
tical constituent boundaries.

Klatt (1975) measured the durations of all segments
in a connected discourse, as read by a single talker. He
determ ned which segmetns were greater than 1.4 tines
the median duration for that segment type and found that
all but one of these |engthened segments were in a phrase
final syllable. Lengthening was observed at the ends of
noun phrases and a very phrase and at the end of conjoined
or enbeded clauses. The effect was large the increase in
vowel duration, as averaged over all phrase boundaires in
the corpus, was 30%

The vowel in the final syllable was |onger by
120 msecs. in the phrase final environnent.

Cooper (1975) has attenpted to determne if all types
of phrase and cl ause boundaries were preceded by about in
the sane amount of |engthening. Results suggested that
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there was considerable variability in which types of phrase
and cl ause boundaries were acconpani ed by increases in
durations.

"It is not known whet her a speaker |earns to | engthen
segnents at the ends of phrase boundaries in order to help
the listener decode the nessage, or if thereis sinply a
natural tendency to slow down at the ends of all notor
sequences or planning units. Since utterances final |en-
gthening often extends over several syllables, it is por-
bably related to the general decleration of notor activity
at the ends of speaking acts. This is in contrast to the
| engt hening seen at sentence interval phrase boundaries
which is usually localized to the phrasefinal syllable"
(Klatt, 1976).

VWrd final syllables are sone what |onger in duration
even in non phrase final position (Qler, 1973; Kl att, 1975)
Early investigations reported | arge word final |eagthening
effects (Barnwel |, 1971; Lehiste, 1972; Klatt, 1973 b)
but they di dnot al ways control for phrase- final |engthea-
ing effects word final |engthening has not been observed
by all investigators (Harris and Uneda, 1974) and is pro-
bably too small an effct to contribute significantly to
t he decodi ng of word boundary [ ocations (Kl att, 1976).

The syl lable or syllables at the end of a sentence
are |onger than they would be with in an utterance
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(Gailinby, 1965). A word spoken in isolation is about the
same duration as it would be at the end of an utterance,
and perhaps as nuch as twice as long as it would be at the
begi nning of a sentence. This durational effect is called
prepausal |engthening. The syllable before the pause

i ncreases by about 60- 200 m secs. with nost of the
durational increment restrivted to the vowel and any post
vocal i ¢ sonorant or fricative consonants (O ler, 1973;
Klatt, 1975).

Kent and Porner (1980) used Spectrograns to study
speech segnent durations is recitations of 3 sinple sen-
tences by adults and children in each of 3 age groups: 4,
6 and 12 years. The 4 year olds typically had | onger seg-
ment durations and greater variablity of segment durations
then adults and the ol der children. The degree to which
segnents are | engthened by young children appears to depend
on various segnmental, suprasegnental and linguistic factors
whci ch have not yet been expl ored.

Thus the word duration is found to be varying depend
ing on different factos. Therefore it is considered to
be interesting to note word duration in reading, reciting
and si ngi ng.
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A good revi ew of | ndian Music has been made by
Gupta (1984). He discusses various types of classical
I ndian Music - their origin, their differences and ot her
factors related to them Its considered that its beyond
the scope of the present study to reviewall this as the
present study to review all this as the present study was
aimed at anal ysing the light vocal music which does not
depend much upon any of the tranditional or classical
types of Indian Music or singing. Light vocal music is
al so been considered as equally popular in the present
day conmon man.

Acoustic anal ysis of sining particularly the light
vocal nusic in Kannada has not been reported. Therefore
it was considered that it will be interesting and usefu
to note the differences betweent his sinplese form of
singing in Indian Misic and reading and recitation as to
provide information regarding the acoustical changes that
occur in singing as conpared to reading and recitation,
Therefore the present study has been proposed to investi-
gate the Acoustical differences between three forns of
speech ie. singing, reading and recitation in terns of
fundanental frequency, frequency range, vowel duration
and word duration.



CHAPTER- 111
METHODOLOGY

The present study was ainmed at investigating the
fol l owi ng acoustical patterns of voice in singing.

1. Fundanmental frequency.

2. Range of Fundamental frequency.
3. Vowel Duration.

4, \Wrd Duration.

This was done by neasuring and conparing the different
voi ce paraneters in the following conditions viz. reading,
reciting and singing.

Subj ect s:

5 females and 5 mal es were taken as subjects. The
criterion of selectionwere that,
1. They shoul d not have any speech, hearing or respiratory

probl ens or vocal pathology at the tinme of recording.
2. their nother tongue shoul d be kannada.

3. they should knowto read and wite in kannada | anguage
and

4. they should have mninumof 5 years training in classica
nusi c.
Table 3.1 shows that the age, sex and years of train-

ing of the subjects, The age range was 19 to 33 years.
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TABLE 3.1
Subjects A9  Sex  Nunber of years of training
1 33 . 10
2. 29 F 23
3. 21 F 8
4. 19 F 9
5. 22 F 7
6. 22 M 10
7. 19 M 7
8. 21 M 8
9. 28 M 6
10. 20 M 5

Subj ect nunber 2 was the only prof essi onal singer.

411 others were Anateurs.

Sel ectionof therecordingnateri al :

One popul ar kannada poem which could be easily used
for singing was selected for the purpose of the test.
Wth the help of one singer, the tune which could be
easily sung was conposed for the whole poem The poem
could be recited and read w thout tune conposed.

First stranza of this poemwas sel ected for the

pupose of acoustic anal ysis.

The criterion of the sel ection of this stranza was
t hat
1. It include all the vowels that were intend to be ana-

| yzed and
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2. there are no bl ends.

The text of the stranza was
"wiwed VEoLe RNWRRR AL
‘U{‘éf; v 20 .:‘i{ 3(‘_‘2 FUABI®
200 VDY ™ 2 A f;_’ =0 03 2 2ocLw
o3BoRRQ £nra®.

“hasurina pasejali hu:bisiladisi
hosavaru awu ka:lu:rutide

tunturuhanigala mantrak atejal i
antarangagal a kenakut i de.

Recor di ng envi ronnent

Recordi ngs were doen in a sound treated room of
speech Science Laboratory at All India Institute of
Speech and Hearing, Mysore.

| nstructions:

The subjects were instracted to read the poemfirst.
The script was given to them Then they were asked to
nenorize the poemand recite the sane wi thout | ooking at
the script.

Later, they were asked to sing the poemin a parti-
cul ar tune, as sung by the conposer i.e., the nodel was
provided to the subjects for practice, when the subjects
and the experinenter were statisfied with the practice the
subj ects were made to sing the whole poemand the record-

i ng was done.
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Recor di ng Procedure:

Recording were done using a professional spool tape
recorder which was the part of VII sound spectrograph
series 700, having the speed of 7% ips.

An ommi di rectional mcrophone and it was kept at a
di stence of approximately 6 inces fromthe subject's
nout h.

There tasks were performed by the subjects.
(a) Readi ngthe poem
(b) Recitingthepoem
(c) Singing the sanme in a particular tine.

Atime gap of 1 hour was given between each recordings
i.e. between 1 and 2, 1 hour, and between 2 and 3, 1 hour.

The above 3 performances of all the 10 subjects were
recorded and this served as the material for the acoustic
anal ysi s.

Sampl e:

She first stranza of the poemwas sel ected as the
sanpl e for the acoustic analysis in all the three conditi-
ons (reading, reciting and singing).

She fol | owi ng Acoust i ¢ paraneters of voi ce were anal ysed

inall the three conditions viz. reading, reciting and
si ngi ng:
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1. Range of fundamental frequency.

2. Fundamental frequency.

3. Segnental duration (Wrd duration).
4. Vowel duration.

Acoustic analysis:

The signal fromthe player of Spectrograph(Voice
identification Inc. 700) was feel to pitch anal yzer
PM 100 (voice I dentification I nc) which gave visual dis-
play of the signal of 9 seconds duration on the screen,
di spl ayi ng fundamental frequency and intensity of that
signal from he screen with the help of cursor frequency
and duration of the required signal were obtained and
the val ues were noted.
1. Measurement of the Fundanental Frequency:

To determne the fundanmental frequency, the segnents
were fed fromthe tape recorder to the pitch anal yzer and
the mean fundanental frequencies were determ ned.

2. Measurement of Range of Fundanmental Frequency:

For the neasurenent of Range of fundanmental frequency
the recorded singnal was fed fromthe tape recorder to the
pitch anal yzer PM 1000 and t he fundanental frequency curve
was obtained on the screen.

The curson was moved to the |owest point on the fre-
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quency curve and then to the highest point on the frequency
curve. The difference between these two provided a nmea-
sure of the frequency range used in that particular

3. Measurenent of Vowel duration:

The fol l owi ng instrunents were used for the measure-
nment of vowel duration;
- H gh Resoluton Signal Analyzer (B&K 2033)
- VIl Sound Spectrograph series 700.
The signal was fed fromthe output of the tape
recorder to the H gh Resol ution Signal Analyzer through
the time in jack. Wth this experinental set up, the seg
ment was fed to the H gh Resolution Signal Analyzer
(B & K 2033) inthe time mode with the foll owing settings.

Input: "Direct" —connects the direct input to the input
anplifier.

Sclae level: 2.82 volts. This indicates the full
scal e | evel display on the H gh Resolution Signal Analy-
zer display screen in volts peak, after tha input gain
etc. adjustnents such that the H gh Resol ution Signal
Anal yzer internal reference reads 100 dB or 100 W.
Frequency: 200 Hz.
Input Function: "Time" - causes the input function to the
di splay selector to the tine function.




3.7

The fol | owi ng segnents were takento determne the
durationof vowels/al, /i/, [ul.
[alin [pasejalil [pal
['i] in/hubisiladisi/ [bil
ful inl/tunturu/ /tul

The signal was fed to H gh Resolution Signal Analyzer
An soon as the segnent pasejali appeared on the display
screen, the 'stop' key was applied. The cursor was noved
to the point where the vertical striations beganthat is
to the begining of the envel ope, and thanto the end of
the envel ope. The difference inmlliseconds between these
two points was recorded as the duration of the vowel/a/
in "pasejali". Thus the duration of the vowel /a/ in
(pasejali) as uttered y each subject was obtained.

4. Wrd duration:

Wth the sane experinental set up, words were fed to

the pitch anal yzer. The duration of each word was neasured,
by noving the cursor fromthe starting point of the word
tothe termnating point of the word and finding the

di fference between the two. This provided the duration of
each word in centi seconds. The total duration of nine
words was taken adn the nean was obtained. This
nmean duration was taken as the word duration for that
subj ect .



CHAPTER - |V
RESULTD AND DI SCUSSI ON

For each subject the follow ng acoistic parameters
were measured in reading, reciting and singing conditions.
They wer e:

1. Fundenental Frequency

2. Range of Fundemental Frequency.

3. Vowel Duration.

4, \Wrd Duration.

1. Fundenental Frequency:

Table 4.1 shows the nean fundemental frequency of
each femal e subj ects and table 4.2 shows the mean fundement al
frequency of each sale subject in reading, reciting and
si nging conditions.

TABLE 4.1

Subj ect s Readi ng Reciting S ngi ng

1. 254 Hz. 246 Hz. 267 Hz.
5 254.5 Hz. 280.5 Hz.  273.25 Hz.
3 253.0 Hz. . 247.5 Hz.  312.25 Hz.
4 267.5 Hz. 275.5 H.  257.50 Hz.
5 236.5 Hz. 210.0 Hz.  199.75 Hz.
Mean 253.1 Hz. 251.9 Hz.  261.95 Hz.

SD 11. 02 28. 22 40. 53

Tabl e 4. 1: Mean fundanmental frequency (in Hertz) for
each femal e subject in reading, reciting
and singi ng condi tions.
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The study of table 4.1 shows that two subjects (Sub-
ject No. 1 & 3) eat of five had used a hi gh fundarent al

frequency insinging than in other 2 conditions.

Subject No. 2 & 4 had used a hi gher fundanental fre-
guency inreciting than in other two conditions. Wereas
subj ect nunber 5 had used a hi gher fundanental frequency

I n other two condi tions.

The nmean fundanental frequency for fenal e group
r anged from
1) 236.5 Hz. to 267.5 Hz. in readi ng.
11) 210 Hz. t0280.5 Hz. inreciting.
1ii) 199.75 Hz. to 312.25 Hz. insingingconditions.

The mean and the SDfor this group was 253. 1Hz and 11. 02
respectively in readi ng, whereas the sane subjects had
shown a nean of 251.9 Hz. and SD of 28.22 inreciting and
I n singing the nean was 261.9 Hz. with a SD of 40. 53.

when t he mean fundanental frequencies of all the three
conditions were considered, it was found that in singing
a hi gher fundanental frequency (261.95 Hz.) had been used
than is other conditions. It nust also be noted that the
variability of fundanmental frequency in singing (SD 40.53)

had been nere greater when conpared to other two conditions.

The nmean fundanental frequency of all the five fenal e
subj ects was conpar ed between reading and reciting; reciting

and singing and singing and readi ng conditions using
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Mann- Wi tney U test.

The mean di fference in fundanental frequency between
reading and reciting conditions was not significant. Hence
the auxilary hypothesis stating that"there is no signifi-
cance di fference between readi ng and reciting conditions,

i n fenrmal e group, when the nean fundanmental frequency is

conpar ed" was accept ed.

The nmean difference i n fundanental frequency between
reciting and si nging conditionwas al so not significant.
Therefore the auxilary hypothesis stating that "there is
no significant difference between reciting and singing
conditions, infenal e group, when the nean fundanental fre-

guency i s conpar ed" was accept ed.

The nmean difference is fundanental frequency between
si ngi ng and readi ng conditions was not significant statisti-
cally. Hence the auxilary hypothesis stating that "there
Is no significant difference between singing and readi ng
conditions, in fenal e group, when t he nean fundanent al

frequency was conpared" was accept ed.

Thus, statistically thereis no significant difference
bet ween these three conditions i.e., reading, reciting and
singingwere found in terns of nean fundanmental frequency.
However, it nust be noted that there were differences in
t he nean fundanental frequency when the nean val ues of these

condi tions were consi dered w th hei ghest nean fundarent al
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f uequency under si ngi ng condi ti ons.

The nean fundanental frequency for all the nale
subj ects under all the three conditions are presented
i n Tabl e 4. 2.

TARE 4.2

Subj ect s Readi ng Reciting S ngi ng
6. 137.5 Hz. 143.00 Hz.  204. 25 Hz.
7. 105. 0 Hz. 130.00 Hz.  131.00 Hz.
8. 104.5 Hz. 136.50 Hz.  105. 25 Hz.
9. 151. 5 Hz. 183.00 Hz.  143.00 Hz.
10. 116.0 Hz. 114.00 Hz.  134. 25 Hz.
Mean 122.9 Hz. 141.50 Hz.  143.55 Hz.
SD 20. 84 25. 57 36. 73

Tabl e 4. 2: Mean Fundanental frequency (in Hertz) for
o each nmal e subject In reading, reciting and
singing conditions.

The examnation of the table 4.2 show ng t he funda-
nment al frequencies for each nmal e subj ect under all the
three conditions reveals that three (Subject No. 6,7 & 10)
out of five subjects had usad a hi gher fundanental freque-
ncy in singing than in other two conditions.

Subj ect No. 8 & 9 had used a higher fundanental fre-

gquency in reciting than in other two conditions.
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The nean fundamental frequency of male group ranged
from
1) 104.5 Hz. to 209.5 Hz. in reading.
i) 114 Hz. to 262 Hz. inreciting.
ii1) 105.25 Hz. to 262 Hz. in singing conditions.

The mean and the SD for this group was 143.8 Hz. and
41.03 respectively inreading, and it was 167.7 Hz. and
58.3 inreciting, whereas in singing it was 261.95 Hz.
sad 40.53.

She above val ues show that the mal e subjects had the
hi ghest mean fundamental frequency (261-95 Hz.) in singing
and the | owest fundamental frequency (143.8 Hz.) in
reading. The variation of fundamental frequency was
maxi numin reciting (SD 58.3) and m ni mumin singing(SD40. 53).

The mean fundanental frequency of all the five nale
subj ects was conpared between reading - reciting; reciti-
ng- singing; and singing-reading conditions using Mann-
Wi tney U test.

The mean difference in fundanental frequency between
reading and reciting conditions was not sigificant stati-
stically. Hence the auxilary hypothesis stating that
"there is no significant difference between reading and
reciting conditions, inmale group, when the mean funda-
nental frequency is conpared" was accept ed.

Between reciting and singing conditions the mean
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difference in fundamental frequenty was not significant .
Therefore the auxilary hypothesis stating that "there is
no significant difference between reciting and singing
conditions, in male group, when the mean fundanenta
frequency i s conpared" was al so accept ed.

The mean difference in fundamental frequency between
singing and reading conditions was not significant. Hence
the auxilary hypothesis stating that "there is no signifi-
cant difference between singing and reading conditions
in male group, when the nean fundanmental frequency is
conpared" was accepted.

Thus the results of statistical analysis of mean
fundanental frequency under these conditions in case of
mal es al so show no significant difference, simlar to
femal es. But then, the mean of these values under three
condi tions had shown difference with highest nmean funda-
nental frequency under singing condition.

Thet t est was appliedbetweenthemale and femal e
groups in all the three conditions.

The mean difference of fundanental frequency between
mal e and femal e subjects,
a) Inreading was 109.2 Hz. and it was statistically
significant at 0.01 level (t=5.74). Hence the auxilary
hypothesi s stating that "there is no significant differ-
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ence between nal e aad fenal e subj ects in reading con-
dition when fundanental frequency is conpared" was
rej ected.

inrecitationit was 84.2 Hz. and this was statistically
significant at 0.05 level (t=3.91). Thus the auxilary
hypothesi s stating that "there is no significant diff-
erence between mal e and femal e groups in reciting

condi tion, when fundanental frequency is conpared"

was rej ect ed.

insinging it was 92.2 Hz. and this val ue was not sig-
nificant at 0.05 [evel (t=2.76). therefore the auxilary
hypothesi s stating that "there is no significant diffe-
rence between mal e and femal e subjects in singing condi -
tion, when fundanental frequency is conpared" was

accept ed.

The significance of nean difference val ue shows that

there is difference in fundanental frequency of males and

females in both reading and reciting conditions whereas

both the groups used al onbst same fundanental frequency in

singing i.e. both male and fenal e subjects had used

a higher fundanental frequency in singing and had not

shown any significant difference, whereas mal es had used

a | ower fundanental frequency in reading and reciting when

conpared to females, and this difference was significant
statistically al so.
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Even though there is difference in nean fundanental
frequency used between reading and reciting this differ-
ence is not significant statistically as per Mann- Wit ney
Utest and t test.

The results of the present stady indicate the seen
fundanental frequency in reading to be 143.8 Hz. in nales
and 253.1 Hz. in females which are simlar to Hudson and

Hol brook' s (1981) st udy.

Sheel a (1974) in her study found that trained singers
use their optimumfrequency while speaking but they did
not use their optinumfrequency while singing whereas
untrained singers didnot usetheir optimumfrequency
whi | e speaking sad al so whi |l e singing.

Sheel a (1974) found that the speaking fundanent al
frequency of trained nal e singers ranged from100 Hz. to
155 Hz. and that of untrained mal e singers ranged from
110 Hz. to 160 Hz. In case of trained femal e singers it
ranged from140 Hz. to 320 Hz. and that of untrained fe-
mal e singers it ranged from200 Hz. to 270 Hz.

The range of fundamental frequency insinging in case
of trained male singers was 110 Hz. to 130 Hz. and in un-
trained mal e singers it was 130 Hz. to 200 Hz.

I n case of trained femal e singers fundanental freque-
ncy in singing ranged from160 Hz. to 520 Hz. and in un-
trainedfenal e singers the range was 190 Hz. to 320 Hz.
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Jayaram (1975) found that normal nale and femal e
adul ts using a fundanental frequency which ranged from
100 Hz. to 150 Hz. and 200 Hz. to 280 Hz. , respectively,
which are simlar to the results of the present study.

Nataraj a, Jagadeesh ad Kumar (1985) studied the
fundanental frequency in different types of speech sanples
i.e. in phonation, spontaneous speech, reading and
si ngi ng.

It was found that in case of males the fundamental
frequency in phonation was 141.49 Hz., inreadingit was
192.25 Hz. and in singing the fundamental frequency was
211.17 Hz. and in speaking it was 166 Hz.

They concl ude that the subjects show a tendency to
use a hi gher fundanental frequency for speaking than for
phonation and nmuch hi gher fundamental frequency in reading
and singing than inspeakingi.e., they had used the highest
fundanmental frequency in singing (211.7 Hz.).

In the sane study, it was found that, just |ike males,
femal es al so use hi gher mean fundanental frequency for
speaki ng, reading and singing. Again in female group
they used a hi ghest mean fundanental frequency of 304.04 Hz.
in singing and nean fundanental frequency of 266.26 Hz.
for speaking. Increase in nmean fundanental frequency was
observed from phonation to singing condition.
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Range of Fundanmental Frequency:

The range of fundanental frequency i.e., (the highest
fundanental frequency - | owest fundanental frequency)

used by each subj ect has det er m ned.

Tabl e 4. 3and 4. 4 showt her ange of fundanental fre-
guency of fenal e and nmal e subj ects respectively in reading,

reciting and singing conditions.
TABLE 4.3

Subj ect s Readi ng Reci ting S ngi ng

327. 00 Hz. 272.00 Hz. 261. 00 Hz.
264.00 Hz.  224.00 Hz.  305.00 Hz.
251.00 Hz. 232.00 Hz.  335.00 Hz.
195. 00 Hz. 310. 00 Hz. 220. 00 Hz.
297.00 Hz. 372.00 Hz. 371.00 Hz.

s whE

Mean 208.17 Hz. 282.00 Hz.  293.40 Hz.

110. 02 60. 92 59. 58

Tabl e 4. 3: Range of fundanental frequency (in Hz.)
for each fenal e subj ect in readi ng,
reciting and singing conditions.

| The study of table 4.3 shows that subject nunber 1
had shown t he hi ghest fundanmental frequency range in
readi ng, and subject nunber 4 had shown the | owest funda-
nental frequency range in reading. Further only one

subj ect had used a greater range in reciting (Subject No. 4)
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whereas all the 3 subjects had used greater frequency
range in singing than in other two conditions.

In reciting subject nunber 5 had shown t he hi ghest
fundament al frequency range and subj ect nunber 2 had shown
the I owest fundanental frequency range.

I n singing subject nunber 5 had shown the highest
fundamental frequency range and subject nunber 4 had shown
the | owest fundamental frequency range.

The range of fundanental frequency of female group
ranged from

i) 195 to 327 Hz. in reading.
1) 224 Hz. to 372 Hz. in reciting.
i11) 220 Hz. to 371 Hz. in singing conditions.
The mean and the SD of range of fundanental frequency
for femal e subjects in reading, reciting and singing con-
ditions are provided in table 4.3.

As can be seen fromthe table 4.3, in singing that
frequency range was hi ghest whereas it was |owest in reading.

The range of fundanmental frequency of all the female
subj ects was conpared between reading - reciting;
reciting —singing; and singing- reading conditions using
Mann- Wii tney U test.

The mean difference in range of fundamental frequency
bet ween readi ng and reciting conditions was not significant
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statistically. Hence the auxilary hypothesis stating that
"there is no significant difference between readi ng and
reciting conditions, in female group, when the range of
fundamental frequency is conpared" was accept ed.

The mean difference inrange of fundanental frequency
betweenrecitingandsingingconditionswasinsignificant
statistically. Therefore the auxilary hypothesis stating
that" there is no significant difference between reciting
and singing conditions, in female group, when the range of
fundamental frequency is conpared" was accept ed.

The mean difference in range of fundanental frequency
bet ween singing and readi ng conditions was not significant
statistically. Hence the auxilary hypothasis stating that
"there is no significant difference between singing and
reading conditions, in female group, when the nean
fundament al frequency i s conpered" was accept ed.
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TABLE 4.4
Readi ng
Subj ect Reciting Si ngi ng
6. 77.00Hz. 88.00 Hz.  3379.00 Hz.
;' 353.00 Hz. 418. 00 Hz. 338.00 H.
9' 318.00 Hz. 288.00 H. 290. 00 Hz.
10. 301. 00 Hz. 326.00 H. 317. 00 H.
92.00 Hz. 89.00Hz.  435.00 Hz.
Mean
228.20 Hz. 241.80 Hz.  351.8 Hz.
SD
132. 62 147. 71 56. 75

Tabl e 4. 4: Range of fundanental frequency (in Hz.)
for each nmal e subject is reading, reciting
and singing conditions.

The results of measurenent of frequency range under
3 conditions for all the nal e sabjects, are presented in
table 4.4.

Exam nation of table 4.4 reveal s that subj ect nunber 7
had t he hi ghest range of fundanental frequency and subj ect

nunber 6 | owest fundanental frequency range i n readi ng.

I nreciting subj ect nunber 9 had the hi ghest funda-
nment al frequency range and subj ect nunber 6 had the | owest

f undanent al frequency years.

I n singing, subject nunber 10 had the hi ghest funda-

nental frequency range and subject nunber 8 had the | owest
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fundanental frequency range.

The results also reveal that only 2 subjects had used
a greater range of frequenciesin singing and 2 subjects
inreciting than in other two conditions. Wereas in
readi ng only one subject (Subject No. 8) had used a greater

range of frequency than in other two conditions.

I n mal e subj ects the range of fundanental frequency
used ranged from
1) 77 Hz. to 353 Hz. in r eadi ng.
1) 88 Hz. to 418 Hz. inreciting and
1ii) 290 Hz. to 435 Hz. in singing conditions.

The mean and the SB for range of fundanental frequency
of mal e subjects in reading reciting and singing conditions

are also tabulated in table 4. 4.

Fromtable 4.4 it can be seen that the fundanental
frequency range was the highest in singing and the | owest

i n reading for nmal e subj ects.

The range of fundanental frequency of all the nal e
subj ects was conpar ed bet ween readi ng-reciting; reciting-
si ngi ng; and si ngi ng-readi ng condi tions usi ng Mann- Wi t ney
U test.

The nean difference in range of fundanental frequency
bet ween readi ng and reciting conditions was insignificant

statistically, hence the auxilary hypothesis stating that
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"there is no significant difference between reading and
reciting conditions, in nale group, when the range of
fundanmental frequency is conpared" was accept ed.

The nean difference in range of fundanmental frequency
between reciting and singing conditions was not statisti-
cally significant. Therefore the suxilary hypothesis
stating that *there is no significant difference between
singing and reciting conditions in mal e group when the
range of fundanmental frequency is conpared” is accepted.

The mean difference in range of fundamental frequency
bet ween singing and reading conditions was statistically
i nsignificant, hence the auxilary hypothesis stating that
"there is no significant difference between singing and
reading conditions in male group when the range of
fundanmental frequency is conpared” is accepted.

To know the significance of mean difference in range
of fundanental frequency between male and femal e groups,
the "t' test was applied and the results were as foll ows:

The mean difference of fundanental frequency range
bet ween mal e and femal e groups,
a) inreading was 20.6 Hz, and it was statistically insigni-
ficant at 0.05 level (t=0.32), hence theauxilary hypothesis
stating that "there is no significant difference between
mal e and femal e group in reading condition when the range
of fundanental frequency is conpared” was accepted.
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b) inreciting conditionit was 40.2 Hz. and this was
statistically not significant at 0.05 | evel (t=0.56).
Therefore the auxilary hypothesis stating that " there is
no significant difference between mal e and femal e group
inreciting condition when the range of fundanental
frequency i s conpared". was accept ed.

a) insingingconditionit was 53.4 Hz. and this was not
significant statistically at 0.05 |level (t=1.45), hence
the auxilary hypothesis stating that "there is no signi-
ficant difference between nale and femal e group in singing
condi ti on when the range of fundanental frequency is

conpar ed" was accept ed.

These val ues of significance of nean difference show
that the difference in the range of fundanental frequency

bet ween mal e and fenal e group was negligible.

Hudson and Hol brook (1981) studied the fundanental
frequency range in reading, in a group of young bl ack
adults. Their results indicated a mean range from81.95 Hz
to 158.20 Hz. inmales and 139.05 Hz. to 266.10 Hz. in

f emal es.

The results of the present study showed a nean range
from77 Hz. to 353 Hz. innales and 195 Hz. to 327 Hz. in
f emal es.

Results of sheela's (1974) study indicated that the
trained singers possess significantly greater pitch range
t han untrai ned si ngers.
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Vowel Duration:

The duration of vowels /a/ asin/paejali/; /il as
in/Hu:bisiladisi/; and/u/ asin/tunturu/, under all the

three conditions have been presented in table 4.5 and 4. 6.

Tables 4.5 and 4.6 show t he nean vowel duration of
lal, i/, lul inreading, recitingand singingconditions

of male and fenal e groups respectively.

TABLE4. 5

Vowel s Readi ng Reci ti ng Singing

Mean SD Mean SD Mean SD

/al/ 100. 36 9.6 90.92 20.00 226.04 32*16
[il 120.48 31.2 128.90 22.45 229.22 22*51
/ u/ 101. 20 9.68 93.28 8.68 210.94 32.60

Tabl e 4.5: The nean and t he SD of the vowel duration(in

mlli seconds) of /al, /i/, /ul in reading,
reciting and singing conditions of fenal e
gr oup.

The study of table 4.5 shows that the subjects had
the | ongest duration of vowel /a/ in singing condition
and shortest duration of the sane vowel in reciting
condition. The vowel duration varied nmaxi numin singi ng

condition and it was mninmamin reciting condition.

Wiereas i n case of the duration of the vowel /1/, it



4.18

was | ongest in singing condition and shortest in reading
condition. The variation of duration of vowel was maxi num
inreading condition and it was mnimumin reciting

condi tion.

The duration of vowel /u/ was | ongest in singing and
shortest in reciting condition. The duration of this
vowel varied maximally in singing condition and m nimaly
in reciting condition.

It is seen fromtable 4.5 that the female group had
the longest vowel duration in singing and shortest vowel
duration inreciting condition. The variation in vowel
duration was maxi numin singing and mnimumin reading.

In the femal e group the duration of the vowel /a/
rangedd from
1) 84.4 mlli secs. to 108 m secs. in reading.
1) 60.9 mlli secs. to 117.2 m secs. inreciting and
1i1) 182.8 mlli secs. to 262.5 m secs. in singing.

The vowel duration of /a/ of all the female subjects
was conpared between reading and reciting; reciting and
singing; and singing and readi ng conditions using Mann-
Wi tney Utest.

The mean difference of the vowel duration of /a/

bet ween reading sad reciting conditions was not statisti-
cally significant hence the auxilary hypothesis stating
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that "thereis no significant difference between reading and
reciting conditions, in female group, when, the vowel dura-
tionof /alisconpared" was accept ed.

Themeandifferenceof thevowel durationof/al bet-
ween reciting and singing conditions was statistically
significant, hence the auxilary hypothesis stating that
"there is no significant difference between reciting and
singing conditions, in female group, when the vowel dura-
tion of /a/ is conpared" was rejecte.d

The nean difference of the vowel duration of /al bet-
ween singing and reading condition was significant stati-
stically, therefore the auxilary hypothesis stating that
"there is no significant difference between singing and
reading conditions in female group, when the vowel dura-
tion of /al is conpared" was rejected.

Thus it was concluded that the duration of vowel /al
whi ch was considered as a reporesentative sanple in al
the three conditions was [ongest in sining than in other
two conditions and there was no statistically singificant
difference interns of duration of this vowel under reading
and reci tingconditions.

Inthe same femal e group, the duration of the vowel /i/
ranged from

1) 79*7 m secs. to 157.0 m secs. in reading
i) 103.1 m secs. to 154.6 m secs. in reciting.
1i1) 199.2 m secs. to 262.5 m secs. in singing conditions
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The vowel durationof /i/, of all the fenal e subjects
was conpared between - reading and reciting; reciting and
singing;, and singing and reading conditions using Mnn
Whi t ney Ut est .

The nmean difference of the vowel duration of /i/
bet ween,

a) Readi ngandrecitingconditionswasnot significant
statistically, hence the suxilary hypothesis stating
that " thereis nosignificant differance between
reading and reciting conditions in fenal e group when
the vowel durationof /i/ is conpared" was accept ed.

b) Reciting and singing conditions was significant there-
fore the auxilary hypothesis stating that "there is no
significant difference between singing and reciting
conditions i n fenal e when the vowel durationof /i/

I s conpared.” was rej ect ed.

c) Readi ng and si ngi ng condi ti ons was si gni fi cant hence
t he auxil ary hypothesis stating that "there is no
significant difference between singing and readi ng
conditions in fenal e group when t he vowel duration of

/i /] isconpared." wasrejected.

Simlar totheresults of the duration of vowel /a/,
vowel /i / al soshowedasignificantlylonger durationin

singingthan in other two conditions and no significant
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di fference between reading and reciting conditions were

f ound.
| n the same group the duration of the vowel /u/
ranged from
1) 86.7 msecs. to 107.8 msecs. in reading.
1) 86.7 msecs. to 107.8 msecs. inreciting.
i11) 175.8 msecs. to 257.8 msecs. in singing conditions.

The vowel duration of /u/, of all the female subjects
was conpared between - reading-reciting; reciting-singing;
and singing-reading conditions using Mann-Witney West.

The mean difference of the vowel duration of /u/
bet ween,

i) Reading and reciting conditions was not significant,
hence the auxilary hypothesis stating that "there is
no significant difference between reading and reciting
conditions in femal e group when the vowel duration of
[ul isconmpared" was accept ed.

i 1) Reciting and singing conditions was significant, thus
the auxilary hypothesis stating that "there is no
significant difference between singing and reciting
conditions in fenmal e group when the vowel duration of
[ul i sconpared". was rejected.

i11) Reading and singing conditions was significant, hence
the auxilary hypothesis stating that "there is no
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significant difference between singing and reading
conditions in femal e group when the vowel duration
of /ul is conpared" was rejected.

No subj ect of this group had shown a large duration
of vowels /al/, [i/ and /ul/ in either reading or reciting
condi tions than in singing.

Againa simlar trend as in case of vowels /a/ and
[i/],the vowel /u/ also showed that it was | ongest in
terms of duration in singing than in other two conditions.

Thus all the threevowels/a/, [i/ and /u/ which sele-
cted for measurenent fromthe sanples of all the three
condi tions had consistently shown that they were | onger
interms of duration in singing than in other two conditi-
ons, and had shown no significant difference between read-
ing and reciting in case of fenales. Hence
it was concluded that the "vowels prolonged ia singing".
Such reports have been made by several other investigators.

The resul ts of analysis of durations of vowels /al,
[i] and /u/ under all the threeconditionsfor nale
subjects are presented in table 4.6.
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TABLE-4. 6

Readi ng Reciting Si nging
\ovel s

Mean SD Mean SD Mean SD

| al 91.86 115 91.38 12.71 157 29. 53

IVl 129.86 32.53 159.34  5.47 258.74 72.04
[ul 00.32 12.36 98.46 55 17 176.28 41.04

Tabl e 4.6: The mean and the SD of vowel duration (in
mlli seconds) of /a/, /i/and/u/ in
reading, reciting and singing conditions
of mal @ group.

The exam nation of Table 4.6 shows that the subjects
had t he | ongest duration of /a/ in singing conditions and
shortest duration of the some vowel inreciting condition.
The vowel duration varied nmaxi mumin singing condition and
it was mninumin rading condition.

The duration of vowel /i/ was |ongest in singing
condi tion and shortest in reading condition. The variation
of durationof vowel /i/ was maxi mumi n singing condition
and mninumin reciting condition.

Wiereas i n case of the duration of vowel /u/, it was
| ongest in singing condition and shortest in reading con-
dition. The duration of vowel varied maxinmally in reciting
condition and mninally in reading condition.
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Al the mal e subjects studied had shown the | ongest
duration for all the three vowels, in singing thanin
ot her two conditions.

In the mal e group the duration of the vowel /a/
ranged from
i) 82 msecs. to 105.4 msecs. in reading.
1) 93.8 msecs. to 105.4 msecs in reciting.
iii1) 114.8 msecs to 211 msecs. in singing conditions.

The vowel duration of /a/, of all the nale subjects
was conpar ed bet ween -
i) Reading and reciting conditions.
i) Reciting and singing conditions and
ii1) Singing and reading conditions
usi ng Mann-Witney Utest.

The mean difference of the vowel duration of /a/
bet ween,

i) Reading and reciting conditions was not significant.
Hence the auxilary hypothesis stating that "there is
no significant difference between reading and reciting
condi tions, inmalegroup, when the vowel duration of
[ al was conpared" is accepted.

i 1) Reciting and singing conditions was significant, hence
the auxilary hypothesis stating that "there is no
significant difference between reciting and singing
conditions, in male group, when the vowel duration
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of /al i s conpared" was rejected.
ii1) Singing and reading conditions was significant, hence
the auxilary hypothesis stating that "there is no signifi-
cant difference between singing and readi ng conditions, in
mal e group when the vowel duration of /a/ is conpared”
was rej ected.

The durationof/i/ ranged from,
1) 82 msecs. to 173.5 msecs. in reading.
1) 89 msecs. to 225 msecs. inreciting.
111) 185.2 msecs. to 365.6 msecs in singing conditions.

Usi ng Mann-Wiitney Utest, the vowel duration of /u/,
of all the mal e subjects was conpared between all the three
conditions i.e., between reading and reciting; reciting and
si ngi ng and si ngi ng and readi ng conditi ons.

Themean difference of the vowel duration of /i/
bet ween,

i) Reading and reciting conditions was not significant.
Hence the auxilary hypothesis stating that "there is
no significant difference between reading and recit-
ing conditions, in nmale group, when the vowel dura-
tionof /i/ is conpared" was accept ed.

i 1) Reciting and singing conditions was significant ste-
tistically. Hence the hypothesis stating that "there
is nosignificant difference between reciting and
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singing conditions, in mle group, when the vowel
durationof /i/ is conpared" was rejected.

ii1) Singing and reading conditions was significant stati-
stically. Hence the auxilary hypothesis stating that
"thereis no significant difference between singing
and reading conditions in mal e group, when the vowel
duration of /i/ is conpared" was rejected.
The duration of /u/ ranged from

1) 72.7 msecs. to 103.1 msecs. in reading.
1) 79.7 msecs. to 11011 msecs. in reciting and

111) 142.9 msecs. 208.6 msecs. in singing conditions.

The vowel duration of /u/, of all the male subjects
was conpar ed between readi ng-reciting; reciting-singing;
and singi ng-reading conditions using Minn-Witney U test.

The nean difference of the vowel duration of /u/
bet ween,

i) Reading and reciting conditions was not significant.
Hence the auxilary hypotheses stating that "there is
no significant difference between reading and reciting
condi tions, in male groups when the vowel duration
of /i/ i's conpared" was accepted.

i 1) Reciting and singing conditions was significant sta-
tistically. Therefore the auxilery hypothesis stat-
ing that "there is no significant difference between
reciting and singing conditions, in male group, when
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the vowel duration of /i/ is conpared" was rejected.
i i1) Reading and si ngi ng condi tions was singificant, hence
the auxilary hypothesi stating that "there is no
significant difference between reading and singing
conditions, in male group, when the vowel duration
of /i/ 1s conpared" was rejected.

Thus in case of males also all the three vowels
studied i.e., /al, /i/ and /u/ had the |longest duration
in singing than in other two conditions. Therefore it was
concl uded that the males also prolong the vowels in singing
than in reading and reciting and not much difference was
foundinterns of vowel duration between reading and reciting
in case of males also.

The 't' test was used to conpare the duration of
vowel s /al, /i/ and/u/ between nal e and fenal e groups.

The 't' test results showed that there was no signi-
ficant difference between mal e and femal e groups interns
of vowel durationinreading, reciting and singing condi-
tions.

Hence the auxilary hypothesis stating"there i s no
significant difference between nal e and fenal e groups in
reading, reciting and singing conditions when the vowel
durationof /a/, /il and/u/ is conpared" was accepted.

The reviewof literature indicates that the vowel
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duration varies dependi ng upon the fundanental frequency.
Therefore it is interestingto note, at this point that
event hough the femal es and nal es had used different funda-
nmental frequencies under all the three conditions, there
was no significant difference in terns of vowel duration.
This lack of difference may be due to nunber of subjects
used.

Klatt (1975) neasured the durations of the segments
in a connected discourse, as read by a single talker. The
vowel in the final syllable was |onger, found to be |onger
by 120 m secs. in the phrase final environnent. Oler(1973)
and Klatt (1975) have stated that, word final syllables
are longer iadurations, evenin non phrase final position,
Earlyinvestigations by Barnwell (1971), Lehiste (1972)
aad Kl att (1973 b) have reported | arge word final |ength-
eni ng effects.

The results of the present study indicates that the
durationof the vowel/i/ was |onger and it was in the
word final position.

The osci | | ographi c measurements of the duration of
vowel sininitial, nedial and final positions was done
by Rajapurohit (1982). The results showed, that the
duration of the vowel /a/ inthenedical position was
71.84 msecs. and that of /i/ inthe final position was
80.81 m secs. and the duration of vowel /u/ in the nedial
position was 58. 05.
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| n Raj apurohit's study the subjects were asked to
read the words whereas in the present study subjects
were asked to read a poem

Nataraj a and Jagadeesh (1985) studied the relation-
ship between vowel duration and fundanmental frequency.
The resutls showed that the relationship between funda-
nental frequency and vowel duration was not |inear. The
vowel duration was mninmum at normal pitch or fundanenta
frequency and it increased as frequency changed either
upwar ds or downwards fromthe normal. Thus the increase
in vowel duration in singing may be related to fundanmental
frequency used in singing. This warrants further studies.
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VWrd Durati on"

The table 4.7 and 4.8 showthe total word duration
(in centi seconds) and nean word duration (in centi secs.)
for each fenmal e and nal e subj ect respectively in reading,

reciting and singi ng conditions.

She range of nean word duration of fenal e group
rangedfrom
1) 76.89 c.secs. to 90.67 c.secs. inreading
1) 80.33 c.secs. 92.44 c.secs. in reciting.

1i1) 200.56 c.secs to 209.22 c.secs. in singing condition.

By observing the table 4.8, it can be seen that
si ngi ng had hi ghest nmean word duration and reciting and
readi ng had al nost sane nean word duration. The variation
i n mean word duration insingingwas mninumand it was
maxi numin reading. Thus it was concl uded that the word
duration al nost doubl es i n singing when conpared to read-
ing or reciting condition.

The nean difference in nean word duration of all the
five fenal e subj ects was conpar ed bet ween - readi ng and
reciting; reciting and si ngi ng; singing and readi ng con-
ditions usi ng Mann- Wiitney U test.

In fenal e group, the nean difference in nean word

dur ati on bet ween,



TABLE-4.7

Subj ect s Readi ng Reciting Si ngi ng
Total word Mean Total word \ean Word Total word  Mean Wrd
duration W, durn duration duration duration duration
1. 798 88. 67 759 84. 33 1836 204
2. 749 83.22 724 80. 44 1867 207. 44
3. 692 76. 89 623 80. 33 1883 209. 22
4. 816 90. 67 832 92. 44 1820 202. 22
5. 814 90. 45 813 90. 33 1805 200. 56
Mean
773.8 85. 98 770. 2 85. 57 1842. 2 204. 69

SD 53.12 5.9 50. 35 5.59 32. 38 3.6
Table 4.7: The total word duration and nmean word duration (in centi seconds) for

each femal e subject in Reading, Reciting and Singing Conditions.
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a) Reading and reciting conditionswas not statistically
significant, hence the auxilary hypothesis stating that
"there is no significant difference between readi ng an
reciting conditions in femal e group, when then nean
word duration is conpared" was accepted.

b) Reciting and singing conditions was statistically sig-
ni fi cant, hence the auxil ary hypot hesi s stating t hat
"there is no significant difference between reciting
and singing conditions, in fermal e group, when the nean
word duration is conpared" was rejected.

c) Readi ngandsi ngi ngcondi ti onswasstatisticallysig-
ni ficant, hence the auxilary hypothesis stating that
"there is no significant difference between resding
and singing conditions in fermal e group, when the nean

word duration is conpared" was rejected.

These resutls further confirmthe earlier findings
regardi ng vowel duration in case of females i.e., the
wor ds were al so prol onged in singing when conpared with

readi ng and reciting.

The range of mean word duration of nal e group ranged
from
1) 78.22 c.secs. to 95.56 c.secs in reading.
1) 85 c.secs. to 99.78 c.secs. inreciting.

li1) 188 c.secs. to 196.78 c.secs. in singing, condition.



Tabl e 4.8

Subj ect s . Reciting Si ngi ng
Readi ng
Total word Mean Word Total word Mean Word Total word Mean Wrd
durati on durati on durati on duration duration duration
98. 56
6. 816 95. 56 887 1692 188
7. 788 87.56 898 99. 78 1771 196. 78
8. 704 78. 22 765 85 1755 195
9. 724 80. 45 769 85.34 1681 186. 78
10. 739 82.11 796 88. 44 1702 189. 11
Mean - 91.42
763 84.78 887 1720. 2 191. 13
SD 63. 47 6. 94 887 7.21 40. 17 4. 46

Tabl e 4.8: The total

each mal e subject in Reading,

word duration and nmean word duration (in Centi Seconds) of
Reciting and Singing conditions.
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The above table indicates that the mean word duration

was highest in staging and it was |owest in reading.

Wiereas the variation of meanword durati on was mnimumin

singing and nmaxi numin recitation.

The nean difference in mean word duration of all the

mal e subjects was conpared between reading-reciting and

reciting-singing and singing-reading conditions using
Mann-Wiitney U test.

In the mal e group, themean difference in mean word

dur ati on bet ween,

)

iii)

Readi ng and reciting conditions was statistically
insignificant, hence the auxilary hypothesis stating
that "there is no significant difference between
reading and reciting conditions in nale group, when
the mean word duration i s conpared" was accepted.
Reciting and singing conditions was significant sta-
tistically, therefore the auxilary hypothesis stating
that "there is no significant difference between
reciting and singing conditions, in mal e group,
when the nean word duration is conpared” was rejected.
Readi ng and singing conditions was significant sta-
tistically, hence the auxilary hypothesis stating

that "there is no significant difference between read-
ing and singing conditions, in nale group, when the
mean word duration is conpared" was rejected.
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Smlar to femal e group, nmal e group al so had reveal ed
asimlar trend i.e., the word were prolonged in singing
thus confirmng the prolongation of vowels in singing.
Thus it was concluded the vowel s were prolonged in singin
when conpared to reading and reciting both in case of
femal es and males. Further it was al so observed that all
t he subjects, both nales and fenal es had taken nore tine
to conplete the stranza in terns of sining than in either

readi ng or reciting.

The 't' test was applied to conpare the nean differe-
nces in nmean word duration between nmale and fenmal e subjec

i n reading, reciting and singing conditions.

The nmean difference of nean word duration between
mal e and femal e groups,

a) inreading was 1.2 c.secs. and this was statistically
I nsignificant at 0.051evel (t=0.29), hence t he auxi -
| ary hypothesis "there is no significant difference
between nal e and fenal e group in readi ng condition when
t he nean word duration i s conpared" was accept ed.

b) inreciting it was 5.85 c.secs. and this nean difference
was statisticallynot significant at 0. 05 | evel (t=l.43).
Therefore the auxilary hypothesis stating that "there
Is no significant difference between nal e and fenal e
group in reciting condition when the nean word duration

I s conpared’ was accept ed.
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c) insinging it was 13.56 c.secs. and this nean difference
was statistically significant at 0.01 | evel (t=5.30),
hence the hypothesis stating that "there is no signi-
ficant difference between male and female group in
si ngi ng when the nmean word duration is conpared" was
rej ected.

It issurprisingtonote that there was a statisti-
calily significant difference between sal es and fenal es
interns of word durationin singingeventhoughthereis
no such durational differences were found in reading and
recitation.

Thus the overal |l findings indicate a significant
difference between reading and singing and recitating and
singing, only interns of vowel duration and word duration.
Asimlar trend is seen in case of females also. There-
fore it was concluded that in singing the vowels were pro-
| onged both by males and females and this was found to be
the main factor which differentiates reading and reciting
from singing. However it was al so noticed that there was

an increase in the fundamental frequency in singing, both
in case of femal es and mal es, when conpared to reading

and reciting, which was not statistically significant.

Simlarly the range of fundanmental frequency used in sing-
ing was greater than in reading and reciting both in case
of males and femal es. However this was not statistically
significant.
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| nsummary, it wasconcl udedt hat al | t heparameters
studied i.e., fundanental frequency, range of fundanmental
frequency, vowel duration and word duration show an
increase in singing than in other two conditions. Thus
these acoustical and durational factors play an inportant
rolein differentiating between singing and ot her forns
of speech and this further warrants studies to seek nore
details in these aspects.

Thus this study shows thetrends in changes in the
acoustical parameters in singing.

This study has al so provided the nethodol ogy that
can be used for further investigations of acoustical para-
neters |ike the vowel spectra, he rhythmpatterns and
other factors.
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CHAPTER - V

SUMVARY AND CONCLUSI ON

The present study was undertaken to investigate the
acoustic paranmeters of voice in singing.

This was done by neasuring and conparing the follow ng
voi ce paranmeters in reading, reciting and singing conditions-

1. Fundament al  Frequency.

2. Range of Fundanental Frequency.

3. Vowel Duration.

4. \Nor d Dur at i on.

Ten trained singers in classical music, 5 fenales and
5nmales, wth mnimumtraining of 5 years were taken as
subj ects. The recording material was one of the popul ar
kannada poem whi ch coul d be easily used for singing. The
first stranza of this poemwas selected forthe acoustic
anal ysi s.

The subjects were instructed to read the poemfirst,
then to recite and later to sing in a particular tune, after
practicing it. The nodel was provided to the subjects
earlier.

The above three performances were recorded using a
hi gh speed spool tape recorder, inaasoundtreated room

The sanple was fed to PZ-100 and the mean fundanent al
frequency, range of fundanmental frequency and the nean
word duration were measured.
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The duration of the vowels /al, [i/, [ ul were obtained
using the Hi gh Resol ution Signal analyzer (B &K) .

The collected data was anal ysed statistically. The
"t' test and Mann-\Witney Utest were used to knewthe
si gni ficance of nmean difference of the above mentioned
voi ce paraneters in reading, reciting and singing condition.

Concl usi ons:

The fol | owi ng concl usi ons were drawn fromthe present
st udy.

1. In femal e group, when the nean fandanental frequency
was conpered, there was no difference between,

i) Heading and reciting conditions.
i i) Reciting and singing conditions.
ii1) Singing and reading conditions,

2. I'n male group, when the nean fundamental frequency was
conpar ed, there was no difference bet ween,
a) Reading and reciting conditions.

b) Reciting and singing conditions.
c) Singing and readi ng conditions.

3. There was difference between nmale and fenal e subjects
in reading condition when fundamental frequency was
conpar ed.

4. There was difference between male and female group in
reciting condition when fundamental frequency was
conpar ed.
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There was no difference between nale and fenmal e
subj ects i nsinging condition, when fundanental fre-
quency was conpar ed.
There was no difference, in female group, when the
range fundanmental frequency was conpared between,

i) Reading and reciting conditions.

i 1) Reciting and singing conditions and
i11) Singing and reading.
I n mal e group, when the range of fundanmental frequency
was conpared, there was no difference between,

i) Reading and reciting conditions.

i 1) Reciting and singing conditions and
iii) Singing and reading conditions.
There was no difference between nale and femal e group,
i n reading condition, increasing conditionandin
si ngi ng condition, when the range of fundamental fre-
quency was conpar ed.

. Therewas nodi ff erence bet ween

reading and reciting conditions, in female group when
the duration of vowels/al/, /i/,/ul was conpared.

In femal e group, when the duration of vowels/al, /il

[ ul was conpared betweenrecitingand singingcondition

significant difference was observed.

11.

There was difference between singing and readi ng condi -

tions, in female group, interns of duration of vowels
lal, Iil, lul.
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12. There was no di fference between nal e and femal e groups
in reading condition, in reciting condition and in
singing condition when the vowel durations of

lal,lil, [ul was conpared.

13. There was no di fference between readi ng and reciting
conditions, in female group, when the mean word
duration was conpar ed.

14. In femal e group, when the mean word durationwas com
pared, there was difference between,

i) Reciting and Singing condition and
i 1) Singing and reading conditions.

15. In nmale group, there was no difference between reading
and reciting conditions when the nean word durations
was conpar ed.

16. When t he mean word duration was conpared in nmal e group,
there was difference between,

a) Recitingandsingingconditionsand
b) Singing and readi ng conditions.

17. There was no difference between nale and fenale group
inreading and in reciting condition when the nean
word duration was conpar ed.

18. There is difference between nale and femal e group in
singing condition when the mean word duration was
conpar ed.

Thus, this study shows the trend in changes in the
acoustical parameters in singing.
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| npl i cati on:

Thi s study provides i nfornation regarding,

a) thechangesinfundamental frequency, rangeof f undamen-
tal frequency, vowel duration and word duration with
respect to reading, reciting and singing conditions in
both mal es and femal es respectively.

b) the differences in the above paraneters between nal es
and femalesin all the three conditions.

Limtation:

1. Sanpl e was smal | .
2. The acoustic parameters considered in this study were,
- Fundanent al Frequency.
- Range of fundenental frequency.
- Vowel duration
- Word duration.

Recommendati ons:

1. The study shoul d be carried on | arge scale.

2. Further investigations of acoustical paraneters |ike
vowel spectra, the rhythmpattern and other factors
i n singing should be carried out.
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1. Definition of Terns

2. Settings and description of the instrunents used
in this study.
3. Photographs of the instrumetns used in this study.
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Definition of Terns:

1. Fundanental Frequency:

The nean frequency of the speech stinulus

di spl ayed.
2. Frequency Range I n Speech:
The difference between the highest and the
| owest frequency for the speech stimuli.
3. Vowel Duration:

The duration fromthe beginning of the vowel
to the beginning of the follow ng stop as shown by
the H gh Resolution Signal Analyzer. It is neasured
inmli seconds.

Wrd Duration:
The duration fromthe beginning of the word to
the end of the word. [t is nmeasuredin centi seconds.
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P tch Anal yzer PM- 100

The Pitch Anal yzer is a mcroprocessor controlled

devi ce whi ch has been designed for use in a w de range of

speech and | anguage applications.

Various pitch and intensity traces, as well as, the
digital data are displayed on a TV nonitor. The frequency
and/or intensity carves say be transfered to out put
printing devices in an analog or digital formeither on

a M ngograph or an X-Y plotter.

The operating range of the instrunent is from
70- 1000 Hz.

Inthisunit isalevel of 47 dBis equal to the
agdi ot el ephony standard of O dB. This, inturn, is

approxi nat el y an audi oneter | evel of 130 dB.
The sanpl e duration ranges froml to 9 seconds.

Alows entry of data into the upper or | ower hal f of
the screen, and is provided with two cursors - an upper

and a | ower cursor, which may be noved i ndependently.

Hi gh Resol ution Signal Analyzer Type 20383.
The H gh Resol ution S gnal Anal yzer (B & K 2033)

consi sts of a conbi ned transi ent recorder and Fouri er

anal yzer. The transient recorder has a 10 K sanpl e

menory (1K =1024) and is equipped with an extrenely



flexible trigger allow ng the 2033 to anal yze both con-
tinuous and transient data. The transient recorder
conbines with the Fourier Analyzer to give the 2033 two
nodes of operation - base band node and H gh Resol ution
node.

It has alarge 11" screen for display of time function
| nstant aneous or averaged spectrum ratio* of spectra, or
spect rum conpari son.

Frequency Range: 11 base band full scale frequencies from
10 Hz to 20 KHz in 1-2-5 sequence.

Dynam ¢ Range: Ful | displaced spectrumdynam c range
greater than 70 dB.

Triggering: Internal and external triggered operation wth
flexible pre- and post trigger time delay (from0.0
to 64 K sanples).

Aver agi ng: Li near, exponential or storenax. averagi ng
over 1-2048 spectra with automatic elimnation of
over | oaded input data.

Scan Anal ysis and Scan Average: Unique scan anal ysis for
speed up/ sl ow down of events. Scan average producing
a 400 |ine averaged spectrumof hole of 10 K tine
function. Invaluable to analyse |l ong transient and
nonstationary signals.

Wide angl e zoom Built-in non-destructive zoomw th possi -
bility of neasuring a 4000 |ine spectrum (w de angle



zoonl. Jhe zoom transformation takes only about
a second.

Storage: Protected nenory for storage of displayed
spectra or spectra entered digitally.

Spect rum Conparison: Slow and fast alternate display of
input and stored spectra.

Cursor: Versatile cursor function for indication of tine
or frequency and |evel of selected |ine.











