SUSCEPTI BI LI TY CRITERIA FOR VOCAL FATI GUE
REG STER NO. M9318.

A Dissertation submtted as part fulfillnment of Final

year M Sc(speech and Hearing ) to the University of Msore.

ALL I NDI A I NSTI TUTE OF SPEECH AND HEARI NG
MYSORE- 570006
MAY 1995



CERTI FI CATE

This is to certify that the dissertation entitled

"SUSCEPTI BILITY CRITERIA FOR VOCAL FATI GUE" is the bonafide
work in partial fulfilnment for the final year M Sc (Speech

and Hearing) of the student with Register No. M 9318.

Mysor e Dr& (HMiss) S. NIKAM

May 1995 Di rector
Al India Institute of

Speech and Hearing
MYSORE - 570 006



CERTI FI CATE

This to certify t hat t he di ssertation entitled
" SUSCEPTI BI LITY CRITERIA FOR VOCAL FATI GUE" has been prepared

under my supervision and gui dance.

Mysore Dr. N.P.Nataraja

May 1995. | of. and HOD
/t. of Sp. Sciences
Al.l1.SH



DECLARATI ON

This dissertation is the result of ny own study
undertaken under the guidance of Dr.N P.Nataraja, Prof and
Head, Departnent of Speech Sciences, Al India Institute of
Speech and Hearing, Msore and has not been submitted earlier

at any university for any other D ploma or Degree.

Mysore Reg no. Md318,

May 1995.



ACKNOWLEDGEMENTS

Wrds are very finite and |imted to express the
infinite gratitude to ny teacher and guide Dr. P. N
Nat araj a, Prof. and Head, Departnent of Speech Sciences,
Al.1.S H Msore. H s encouragenent, towards this novel
experinment, confidence in ny work, intellectual expertise
and scrutiny and neticul ous managenent go a |long way towards
the conpletion of this dissertation. H s stance and support
is appreciated in nyriad ways, the description of which
sur passes | anguage.

Sir, I owe you nore than |I can say!

| am grateful to Dr. S. N kam Drector of Al India
Institute of Speech and Hearing Msore for granting ne

perm ssion to carry out this study.

| Ove ny gratitude to ny revered teachers who readily

accepted to be ny subjects.

It would be unfair to ask anything nore from CGod b'cos
he has already given ne the best thing a man could ever ask
for
-Nana, Amma, Sreenu and Padna

Basavayya Uncl e- Thank you for inculcating the scientific
temper in ne and making me conversant wth nunericals.

Ms. Sreedevi and Ms lalitha- | cannot Thank you enough
for all the patient listening and help rendered to keep ne on

track during the course of this study.



Dearest sathya- you are sone one on whom | can always
depend and whenever | think of vyou, | think of a very
special friend who makes ny world a better place to be.

Niru- the very little tine | have spent with you, where
the times | loved nost, thank you for all those beautiful
no- nents especially your friendship which has added col our

tony life.

Pintu and H manshu - 1In this busy world not many people
listen, you always did and that's what nakes you so special.

Bhawani - one of the nbst wonderful things in God' s Wrld
is his gift of friends |ike you. | want to say thanks for
all the little things you dotowarmmny heart.

Bhawana, Sabitha and Sang.V- you are the.kind of friends
' d like to be to others. Your conpany woul d be renenbered
al ways.

Jenny, Rahul, Puski, & force- what would life be wthout
intimate friends? Thanks to you all, ' 11 never have to
find out.

Al ny classmates-thanks a ton for accepting the way |
am and making ny stay at A l.1.S. H a nenorable one

Ranna- If not for you things would not have noved so

fast in the n'th novenent. Hat's off to your brains

Sudhakar (Maruthi Conputers) Kudos to your accurate
strokes on the Keyboard which has given Ilife to this

manuscri pt of m ne.



CONTENTS

I NTRCDUCT! ON

REVI EW G- LI TERATURE

METHCDALOGY

RESULTS AND DI SGUSSI ON

SUMVARY AND GONCLUSI ON

Bl BLI OGRAPHY

. APPENDI X

PACGE NO
1-7

8 - 40
41 - 47
48 - 79
80 - 83
84 - 89
90 - 106



NO.

2a.

4a.

5a.

LI ST OF TABLES
DESCRI PTI ON

School, Age and Sex w se distribution of
t eachers.

Mean and S.D. of the acoustic paranmeters in normnal
mal es and femal e subject (G oup-1).

Paraneters showing significant differences across
phonati on and corresponding T value in normal nales
and femal e subject (G oup-1).

Nunmber of current synptons experienced by teachers.

Mean and S.D. of the acoustic paraneters in nale and
femal e teachers (G oup-1I11).

Parameters showi ng significant differences across
phonation and corresponding T values in male and
femal e teachers (Goup I1).

Mean and SD of the acoustic paraneter in nale and
femal e teachers (Goup I11).

Paraneter showing significant differences across
phonations and corresponding T values in male and
femal e teachers (Goup 111).

Sensitive paraneters affected in each group of
subj ects due to reading task across phonations.

P. NO

46

49

54

58

60

65

69

74

78



LI ST OF GRAPHS
NO. DESCRI PTI ON P. NO

l'a. Means of the acoustic parameters in nornal males 52a
across phonati ons.

I b. Means of the acoustic paraneters in normal fenale 52b
subj ect across phonati ons.

2a. Means of the acoustic paraneters in nmale teachers 63a
(Goup Il) across phonati ons.

2b. Means of the acoustic paraneters in female teachers 63b
(Goup Il1) across phonati ons.

3a. Means of the acoustic parameters in male teacher 72a
(Goup Il11) across phonations.

3b. Means of the acoustic paraneters in female teacher 72b
(Goup Il1) across phonations.



| NTRODUCT| ON

Voice is the primary instrunment through which nost of
the people proj ect their personalities and i nfl uence
conpatriots. Voice production involves a conplex and precise
control by the central nervous system of a sense of events in

the peripheral phonatory organs.

There is an ever increasing segnment of the population
which is dependent on vocal endurance and quality for their
l'ivelihoods. They are referred to as professional voice users
and conprise of actors, singers, teachers, etc. It is
general ly observed that nost professional voice users neither
have awareness of anatony and physiology of the vocal

mechani sm nor do they understand vocal hygiene.

Teachers, singers, actors, and other persons who use
their voice vocationally often involve in vocal overuse or
abuse. They are the high risk groups to develop Vvoice
problens i.e., vocat i onal dysphonia (Sapir.S, Attias.J, &
Shahar, A.), strenuous vocal activity can lead to nucosal
tensi ons, vocal fatigue, sore throat, dryness, sensation of
burni ng, hoarseness, aphonia, pitch breaks, throat clearing
etc. The vocal synptons mainly seen in professional voice

users is vocal fatigue (sataloff 1984).

In our educational set ups the teachers are often the
victins of abuse because of their vocally taxing job. They

may have to use their voices for long hours, and speak |oudly



and continuously to overcone poor acoustic conditions. The
vocal pathology along wth the high |Ievel of anxiety
associated with it would have potential inmpact on the
person's reputation, ability to nmke a I|iving. They do

affect the physical and psychol ogical health (Cooper 1973,
Reich 1986). Abnormal voice in teachers is correlated with
negative judgenment of personality by children ( Blood, Hynman

and Mahan 1979).

Since voice plays a mjor role in speech and hence
communi cation, it needs to be constantly nonitored and in the
event of abnor mal functioning of Voi ce, an immediate
assessment should be undertaken which would lead to the
di agnosis which not only identifies the voice disorders but
also acts as a indicator for the treatnent and managenent to

be foll owed.

There are various neans of analyzing voice devel oped by
different workers |like acoustic analysis, Psychoacousti c
evaluation etc. Hirano(1981) states that Acoustic analysis
may be one of the nobst attractive nethod of assessing the
phonatory function or |aryngeal pathology because it is non
invasive and provides objective and quantitative data.
Presently conmputer based techniques are being used to extract
different paraneters of voice to aid in diagnosis of

di fferent vocal pathol ogies.

It has been found that the concept of vocal fatigue and

its acoustics correlates is poorly understood due to the



l[imted research . The present study was designed to find the
susceptibility criteria for vocal fatigue so that it would be
possible for speech clinicians to advice the susceptible

clients to take appropriate neasures.

NEED FOR THE PRESENT STUDY

1. To understand vocal fatigue in terns of acoustic

correlates using nulti-dinmensional voice analysis.

2. To devel op susceptibility criteria for vocal fatigue.

3. To study vocal fatigue in school teachers who constitute

the high risk group with reference to voice problens.

In the present study nulti-dinmensional analysis on voice
using MDVP software was done to study vocal fatigue in five
normals (4 males, 1 female). 29 acoustic paranmeters were
extracted using vowels /a/,/i/ and /u/ , 3 trials each. There
were three set of phonations i.e., prefatigue phonation (PIl),
phonation after 1/2 hour of reading (P2) and phonation after

1 hour of reading (P3).

A questionnaire was used to collect history of voice
problens due to teaching activity in 55 teachers in Mysore
city. 10 subjects were selected based on questionnaire
responses and categorized into 2 groups. These subjects had
to undergo simlar task as the normals ( group | ). The

phonations wi thin each group and across groups were conpared.



HYPOTHESI S

| a) There is no significant difference between pre-fatigue

b)

d)

I'1a)

b)

phonation (PI) , Phonation after 1/2 hour reading (P2)
and phonation after 1 hour of reading (P3) in terns of

di fferent paraneters in nornal mal es and fenal es

(groupl)

There is no significant difference between prefatigue
phonation (Pl) and phonation after 1/2 hour of reading
(P2) in terms of different paraneters in normal males

and femal es.

There is no significant difference between prefatigue
phonation (PlI) and phonation after 1 hour of reading
(P3) in ternms of different parameters in normal males

and fenunl es.

There is no significant difference between phonation
after 1/2 hour of reading (P2). and Phonation after 1

hour of reading (P3).

There is no significant difference between prefatigue
phonation (pl), phonation after 1/2 hour reading (p2)
and phonation after 1 hour of reading (p3) in terns of
different paraneters in male and fenale teachers wth

(0-3) current synptons.

There is no significant difference between prefatigue

phonation (pl) and phonation after 1/2 hour reading (p2)



d)

in terms of different paraneters in male and fenale

teachers with (0-3) current synptons.

There is no significant difference between prefatigue
phonation (pl) and phonation after 1 hour of reading
(p3) in terns of different paraneters in male and

femal e teachers with (0-3) current synptons.

There is no significant difference between phonation
after 1/2 hour reading (p2) and phonation after 1 hour
of reading (p3) in terns of different paraneters in

mal e and fenmale teachers with (0-3) current synptons.

a) There is no significant difference between prefatigue
phonation (pi), phonation after 1/2 hour reading (p2)
and phonation after 1 hour of reading (p3) in terns of
different parameters in male and female teachers wth

(4-8) current synptons.

b) There is no significant difference between prefatigue
phonation (pl) and phonation after 1/2 hour reading
(p2) in terns of different paraneters in nmale and

femal e teachers with (4-8) current synptons.

c) There is no significant difference between prefatigue
phonation (pl) and phonation after 1 hour of reading
(p3) in ternms of different paraneters in nmale and

femal e teachers with (4-8) current synptons.



d) There is no significant difference between phonation
after 1/2 hour reading (p2) and phonation after 1 hour
of reading (p3) in ternms of different paraneters in

mal e and ferale teachers wth (4-8) current synptons.

IV a) There is no significant difference across nornals
(group 1), group Il teachers (0-3 current synptons) and
group Il teachers (4-8 current synptons) in terns of

means across the three phonati ons.

IV b) There is no significant difference across normal s
(group I ), group Il teachers (0-3 current synptons)
and group Il teachers (4-8 current synptons) in terns
of nunber of paraneters affected across the three

phonati ons.
LI M TATI ONS

1. The nunber of subjects were restricted to five normals and
ten teachers.
2. The males and fenmales were not equal in each group.

3. Vocal fatigue was sinmulated in |laboratory conditions.

RECOMVENDATI ONS

1. The sanme study can be carried out in field situation, that
is, the voices of teachers before and after the cl asses

can be recorded and anal ysed for vocal fatigue.
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Repeated neasurenents/recordings of the sanme subject
across days would vyield better information about vocal

fatigue.

Vocal fatigue can be studied with a large sanple of
subjects and wth increasing fatiguing durations of 1/2,

1, 1 1/ 2hour.

Vocal fatigue phenonenon can be studied with sex as a

vari abl e.



REVI EW OF LI TERATURE

There is nothing nore elenental in all existence than
conmuni cati on. In humans we see its ultimate expression in
the marvel ous vehicle of |anguage (Van R per & Enerick 1990).
The ability of the human beings to use their vocal apparatus
with other organs to express their feelings, to describe an
event and to establish comunication is unique to them It
took mllions of years for human beings to develop this
faculty. The onset of the human era is recognized to have
started with the acquisition of the ability to comnunicate
using the vocal apparatus for social interaction. No nor nmal
person has failed to develop this faculty and no other

species is know to have devel oped this ability.

Speech is the audible manifestation of |anguage. It is
the tool of thought and primary means of comrunication of
human beings. Speech is a conplex notor act brought about by
sophisticated and fine novements of the conponents of the
vocal tract and their conplex interaction with one another.
The speech results due to the fine organization, coordination
and nodul ation between the respiratory, phonat ory, and

articulatory and resonatory systens.

Voice is the vehicle of the speech. It is the nusica
sound produced by the vibration of the vocal cords in the
larynx by air from the |ungs. "Voice plays the nusical

acconpani nent to speech rendering it tuneful, pleasing,



audi bl e, and coher ent bei ng essenti al to efficient

conmuni cation by the spoken word" (Geen 1964).

Voice is nore than a neans of conmunication of verbal
nmessages clearly. Voice constitutes the matrix of verbal
communi cation infusing all paraneters of human speech and the
uni que self one presents to the world. Voi ce has both

[inguistic and nonlinguistic functions in any |anguage.

Voicing has been found to be a major 'distinctive
feature in alnost all |anguages. Voicing (presence of voice)
provi des nore phonenmes and makes the |anguage broader. Wen
this function is 'absent' or used 'abnormally' it would |ead

to a speech disorder.

At the semantic level also voice plays an inportant
role. The use of different pitches-high and low with the

sane string of phonenes would nmean different things. Speech

prosody - intonation, stress, rhythm of a language is a
function of vocal pitch and |oudness as well as phonetic
duration.

Per ki ns(1971) has identified at least five nonlinguistic.
functions of voice. Voi ce can reveal speaker identity i.e.
voice can give information regarding sex, age, height and
wei ght of the speaker. Lass, Brong, ciccolella, (1980)
reported several studies which have shown that it was

possible to identify t he speaker's age, sex, frace,
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Voi ce reflects t he anat om cal and physi ol ogi cal
condi tions of the respiratory, phonatory and resonatory

system deviations in which may lead to voice disorders.

Thus voice serves nunerous and varied linguistic and
nonl i ngui stic functions. As it plays a major role in speech
and hence communication, it becones vital to nonitor it
constantly and undergo imedi ate assessnent in the event of

abnormal functioning of voice.

The term voice has been defined differently by different
people. Sone definitions of voice restrict the term to the
generation of sound at the level of larynx, while others
include the influence of the vocal tract upon the generated
tone, and still others broaden the definition by including

aspects of speech like articulation and prosody.

Fant (1960) defined voice using the fornula, P=sxt where
"P" the speech sound is product of the source 'S and the
transfer function of the vocal tract 'T'. M chael and
Wendhal (1971) defined voice as the |aryngeal nodul ation of
the pul nonary airstreamwhich is then further nodified by the

configuration of the vocal tract.

Green (1980) states that voice is the result of breath
under pressure from lungs causing the approxinmated vocal
cords to perform the rythmc excursion of separation and

cl osure.
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soci o economc status, racial features, height and weight

based on voi ce.

Several investigators contend that voice reflects the
personality of an individual. (St arkweat her 1961, Markel,
Mei sel s and Hanck 1964). Fai r banks (1942, 1966) and Huttar
(1967) have concluded from their study that voice reflects

the enotional status of an individual.

Voice has also been considered to be reflecting the
physi ol ogi cal state of an individual. For eg:- a very weak
voice may indicate that the individual may not be keeping
good health or a denasal voice may indicate that the speaker

has common col d.

Infant cry research has yielded valuable data for the
early identification of the neurol ogical and other conditions

in new born babies (Indira 1982).

Speaker identification by voice wuld be of imense

value in conputer technology (developnment of machines that

will respond to spoken commands) , Forensic medi ci ne
(identification of the speaker by his voice and lie
detection) and in defence (availability of <classified

i nformation).

The quality and efficiency to use the voice optimally
may be of wutnost inportance for certain professionals |ike

T.V/Iradi o announcers, actors, singers and teachers.
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A study of various definitions avail able, indicates that
the pulnonary air stream (acting as power supply), the
participation of vocal cords (vibration), and the voca
tract transfer function (resonator or nodul ator), are conmon
among them Therefore any definition of voice nust include
these three aspects. Hence for the present purpose the

definition given by Mcheal and Wendhal (1971) wll be used.

Though there are varied definitions of voice it is a

difficult task to define normal voice.

Johnson (1956) provides only general standards for

normal voice. They are :-

a) Quality nust be pleasant. This criterion inplies the
presence of certain nusical quality and the absence of

noi se or atonality.

b) Pitch level nust be adequate. It nust be appropriate to

the age and sex of the speaker.

c) Loudness nust be appropriate. The voice nust not be so
weak that it cannot be heard wunder ordinary speaking
conditions nor should it be so loud that it «calls

undesirable attention to itself.

d) Flexibility nust be adequate. Flexibility refers to
variation in pitch and |oudness that aid in the expression
of enphasis, neaning indicating the feelings of the

i ndi vi dual .
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Wlson (1962) is of the opinion that good voice should

have the follow ng characteristics.

a) Pleasing voice quality.

b) Proper bal ance of oral and nasal resonance.

c) Appropriate |oudness.

d) A nodel frequency |evel suitable for his age and sex.

e) An appropriate voice reflections involving pitch and

| oudness.

An attenpt has been made by Nataraja and Jayaram (1975)
to review the definitions of normal voice critically. They
conclude that each of the avail able definitions of voice have
used subjective terns, which are neither defined nor
measur abl e. They have suggested a possibility of defining
good voice operationally - "The good voice is one which has

optimum frequency as its fundanmental (habitual) frequency".

Voi ce production involves a conplex and precise control
by the central nervous system of a series of events in the
peri pheral phonatory organs. The crucial event essential for
voi ce production is vibration of the vocal folds. It changes
DC air stream to AC air stream converting aerodynam c energy

into acoustical energy.

Two broad categories of theories have domnated in
dealing with voice production. They are -
Myoel astic Aerodynamic theory (Miuller 1843) - Hol ds that

phonation is the result of the balancing of forces of air
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pressure against the tension, elasticity and mass of the
vocal folds. Di splaced by the air pressure the vocal folds
return to a resting state due to conbination of factors, the
chief ones being the drop of air pressure at the glottis
following the valvular opening and the vocal fold nass and
elasticity the function of the vocal fold thenselves is in
| arge part passive. As in respiration, the final novenents of

the vocal folds are not under specific concious control.

Neur ochronaxic theory (Husson 1950) holds that voca
fold vibration is an active process. Mdtor inpulses are said
to be emtted from cortical centers to the nuscles of the
folds via the recurrent |aryngeal nerves under the regul ation
of- a "cochlear-recurrential reflex ! vocal fold stimulation
of this kind assumes that the recurrent nerve is capable of
transmtting high frequency stimuli i.e. of the order of

1,000 i npul ses per second.

It has been established that coordination between the
three systens, the respiratory, the phonatory and the
resonatory, are essential for the production of voice.
Variations in the conditions of these three systens would be

reflected in voice produced.

Prof essi onal voice users constitute an ever increasing
segnent of the population and their need for expert care has
inspired new interest in wunderstanding the functions and

dysfunctions of the human voice. "Professional voice users
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are those individuals who are directly dependant on vocal

conmuni cation for their livelihood." (stenple 1991).

Prof essi onal voice wusers include not only singers and
actors but al so politicians, educat ors, t el ephone
receptionists and others. The use of speech for singing,
public speaking, theatrical performance etc can be considered

as supranormal use of speech.

Kauf man and |saacson (1991) suggested a "vocal usage"

classification system It conprised of four |evels.

LEVEL | is the elite vocal perfornmer I.e. pr of essi ona
singers and actors for whom even slight vocal difficulty may

cause serious consequences.

LEVEL Il is the professional voice user, for whom even nodern
vocal difficulty would prevent adequate job performance i.e

clergy, public speakers, lecturers, telephone operators etc.

LEVEL 111 is the nonvocal professionals. This level is
conpri sed of doctors, | awyers, busi ness persons, sal es
persons and others who could not perform their work properly
if suffering with severe dysphonia. MId or noderate
dysphonia may be inconvenient but would not preclude adequate

j ob performance.

LEVEL IV is the nonvocal professional. This includes factory
wor kers, |abourers and clerks who would not be prevented from

doing their work if experiencing vocal disability.
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Prof essional voice users neither have awareness of
anatony and physiology of the vocal nechanism nor do they
understand the consequence of poor vocal hygiene. Cheer
| eaders, teachers, Rock singers, actors and other persons who
use their voice vocationally often involve in vocal overuse
or abuse. They form the high risk group to develop voice

problens (Sapir 1991 a) .

Voi ce disorders in professional voice users : causes &

synpt ons.

In general a voice disorder exists when quality pitch
and | oudness or flexibility differs from the voices of others

of simlar age, sex and cul tural group.

Aronson (1980) has classified voice disorders as organic
and psychogenic or functional type. According to hima voice
di sorder is organic if it is caused by structural (anatom c)

or physiologic disease, either a disease of the larynx itself

or renote systemc Il nesses whi ch inmpairs | ar yngeal
structure or function. Psychogeni ¢ voice disorders include
di sorders of quality, pitch, |loudness and flexibility caused

by psychoneurosis, personality disorders or faulty habits of

voi ce usage.

Satal of f (1991) considers causes of voice disorders in

pr of essi onal voice users as follows: -
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1) Msuse and abuse: - Poor singing/speaking techniques,
singing out of range, chronic coughing / throat clearing

snoki ng, poor hydration, overuse of the voice.

2) chronic nedical problens:- Esophageal reflux, allergies,

sinusitis, upper respiratory tract infection, poor diet,

fatigue, illicit drug use.

3) Environmental factors:- Per f or m ng in snoky, dry
envi ronment, exhaustive schedules, poor acoustics, |oud
nmusi c.

4) Enotional factors:- stage fright, anxiety, depression

per formance stress.

Cooper (1973) has reported a predom nance of voice
disorders in certain occupations such as teachers, singers,
| awers and theol ogi ans. Negative synptons were mainly due

to the m suse of voice.

Vocal m suse and abuse were the predom nant causative
factors for voice problenms in vocations involving high
demands on vocal mechanism (Sapir 1992). Cooper (1973) has
defined vocal msuse as the use of incorrect pitch, tone
focus, quality, volume breath support and rate either

di scretely or in conbinations.

Vocal abuse neans the m streatnent of the vocal folds as

wel |l as the laryngeal and pharyngeal nuscul ature by shouting,
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screamng or talking in conpetition with noise, in talking

above under, around or through noi se.

Sapir (1992) is of the opinion that excessive use,
m suse or abuse of the vocal mechanism alone or in
conmbination with biologic and psychosomatic factors may
result in chronic or acute synptons of vocal attrition
(overall reduction in vocal capabilities, wear and tear of
the vocal nechanism), such as vocal fatigue, hoarseness,

throat disconfort or pain and benign nucosal |esions.

Anot her problem that is noticed anong professional voice
user is vocal attrition. It refers to |laryngeal tissue
pat hol ogy, nuscle fatigue and voice disorders secondary to

acute or chronic abuse or m suse of the vocal nechani sm

Strenuous vocal activity may lead to nucosal |esions,
vocal fatigue, sore throat, dryness, sensation of burning,
hoar seness, aphonia, pitch breaks, limted phonatory range,

low pitch, frequent coughing, throat clearing etc.

It has been reported that the vocal synptom mainly seen
in professional voice users as vocal fatigue. It is usually
descri bed as a negative sensory  vocal synptom that
corresponds to a change in vocal quality or a change in vocal
response, contrary to an intended and usually quality or

response (Sataloff 1984).

Symptons of vocal fatigue include vocal quality changes

(hoar seness, huskiness, register breaks), vocal limtations
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(loss of range, need to use greater effort, lack of vocal
carrying power), deterioration of vocal control (inability to
use or maintain intended pitch, unsteadiness of voice, pitch
breaks), disconfort (throat and neck pain, pain on
swal | om ng, throat clearing and disconfort in the chest, ear
and back of neck) and l|aryngeal tissue change (inflammation

swelling, bowing) - (Boon 1980, Sataloff 1984). Brodnitz
(1954) reported that the common voice problens of the actors
and singers were acute laryngitis, polyps, vocal nodules,

contact ulcers which were attributed to vocal abuse.

Raphael and Scherer (1986) found that 36 professional
actors associated the followi ng synmptons with vocal fatigue -
general physical fatigue, throat fatigue, throat tightness or
constriction, strained or tense throat, greater awareness of
the voice and its nmechanism nore difficulty in producing and
sustaining the voice, reduction in pitch range and nore

difficulty in producing higher pitches.

"Singers who are properly trained and who wuse the
techni ques of good voice production do not damage the vocal

fold" (Geene 1980).

Bunch (1982) opines that an excellent singer may have
sonme vocal strain follow ng |engthy rehearsals or a demandi ng
performance. A tiny vocal fold henorrhage can occur but wll
gradual | y di sappear when the exertion is over. However if

the voice is poorly produced or excessive effort is being
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used the longterm result will be danage to |aryngeal nucosa

and eventually vocal nodul es.

"As a group school teachers are considered at risk for
vocal attrition and they constitute a significant proportion
of patients seeking medical and phoniatric help for voice

probl ens" (Stenmple 1991).

Cooper (1973) found a high prevalence of single and

mul tiple synptons of vocal attrition in classroom teachers.

Bistrizki and Frank (1981) in their study of Israeli
femal e el enentary school teachers, conpared 37 teachers who
had received instructions in vocal hygiene prior to becom ng
teachers with 40 teachers who had not received such training.
The two groups carefully matched, were studied 2-4 years
after they had begun teaching of the teachers wi thout vocal
training 85%reported vocal fatigue, 80% hoarseness, 70% sore
throat and 42% aphoni a. The prevalence of these and other
synptons was significantly Jlower (P<0.0l) in the vocally

trai ned group.

Sapir et al. (1990) are of the opinion that vocal
attrition may have a deleterious effect on perfornmance, work

ef ficiency, physical and psychol ogi cal health.

Sapir (1993) used a survey questionnaire to assess the
preval ence and i npact of  vocal attrition anmong school
t eachers. Over half of the teachers reported nultiple

synptons of vocal attrition. Over one third of them reported
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that their voice problenms interfered with their ability to
teach effectively, nearly one third indicated that they had
to mss work because of voice problens, one fifth reported
that they sought nedical intervention and nearly another one
fifth indicated that their voice had ben a source of chronic
stress or frustration. There was a high correlation between
the nunber of current synptons and nunber of carrier |inked
synptons and neither current synptons nor career |inked
synptons correlated with years of teaching, hours of teaching

or age.

Heidel et. al ( 1993 ) admnistered a questionnaire to
determ ne the characteristics of vocal problenms in 75 female
aerobic instructors and 75 aerobic participants (20-40 years
of age).Results I ndi cated aerobic instructors generally
experienced nore hoarseness and episodes of voicel essness
during and after instructing and a significantly higher

preval ence of nodules than their counterparts in the study.

Sapir (1993) consi ders t hat factors such as

i di osyncratic dysphonia (life 1long vocally abusive speech

habits associated wth one's personality), psychogenic or
psychosomati ¢ dysphoni a (voice disturbances . induced by
stress, anxiety et c) and bi ogeni c dysphoni a (voice
di sturbances associated with nucosal irritation or changes

due to chal k dust, dehydration, nensuration, allergies, acid
reflux etc.) are likely to contribute to vocal pathology in

t eachers.
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H etn, Trunchon-Gagon & Bil odean (1990) states that the
teachers conpl ained of vocal fatigue as not only they use
their voice for may hours, but in many schools they have to
raise and strain their voice constantly to overcone poor
acoustic conditions such as classroom noise and room

reverberati on.

There have been sone studies stating that there are w de
i ndividual differences in synptom change over a period of a
prol onged phonatory task thought to induce vocal fatigue.
Sherman and Jensen (1962) reported increased vocal strain in
their subjects over the half hour of oral reading but adapted
so well following that period and felt they could continue

reading indefinitely.

Stone and Sharf (1973) found that the prolonged readi ng
at different pitches and intensities, maxinmm voice quality
change occurred in the first 5-10 m nutes of phonation, after
the subject apparently adapted to the vocal task. The above
studi es suggest t hat an initial war mup or vocal
adapt ati on/ adjustnment period takes place during prolonged
phonatory task. The recovery of voice during a rest period
after prolonged phonation may be experienced differently by

di fferent subjects.

There have been few quantitative studies in voca
fatigue to chart directly or indirectly physiological changes

due to phonation overlong periods of tine.
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Breiss (1960) concluded that 15 seconds of noise
exposure at levels between 70 and 100 db were sufficient to
i nduce voice fatigue synptons. Recovery time varied from 10
seconds for normal subjects to one hour for subjects wth

hi stories of voice problens.

Sherman and Jensen (1962) have reported that perceptua
study suggested normal readers tended to decrease voca
harshness rating at the end of 1% hours, wth a subsequent
increase in the harshness rating at the end of a % hour vocal

rest period.

Brodnitz (1971) has used LTAS in evaluating voice
fatigue. There were changes in spectral tilt. Vocal fatigue
is expressed by a greater skewness of the straight Iine of

formant region in nmen.

Sander and Ripich (1981) has reported that a 10 m nutes
speaking task at 96 and 102 dB did not produce vocal fatigue

for magjority of their normal subjects.

Zagor ui ko and Tanbovstev (1982) found that after 4 hours
of reading aloud (with short breaks, no [longer than 10
m nutes) reading syllable rates for nmale and female readers
decreased by 22-73 percent. Neils and Yairi (1987) confirmed
vocal fold inflamation within 15 mnutes of reading in a

stimul ated harsh voice by a photographic technique.

Reinmers, Neils and Yairi (1987) have studied the vocal

production of normal females reading for 45 mnutes under
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three conditions of noise heard through earphones. Voi ce
quality did not significantly change overtinme according to a
panel of |isteners. A significant finding was that peak
airflow values increased between the inhibition and end of

the 45 mnutes reading period.

Titze et.al (1986) has used vocal perturbation neasures
in an attenpt to obtain physiological interpretation of vocal
fatigue. A vocally trained subject and a vocally untrained
subject read a text at high loudness level at a pitch one
octave above their |owest pitches. Acoustic neasures and the
subj ects responses to questi ons about sensory and
psychol ogi cal reactions were obtained. The untrained subject
produced vocal fatigue synptons but no significant changes in
the acoustic neasures over 1% hours. The vocally trained
subject reported vocal fatigue synptons, in addition went
through a vocal warming up resulting in adaption to the task
as well as significant changes in acoustic neasures over 1%
hours. The change in shinrer was correlated significantly
with the subjects self evaluation of the relative condition
of their voice. The jitter neasure remained high during the
rest period, whereas the shimmer values recovered to

prefatigue |evels.

Overall the limted speech research has yielded sone
contradictory findings |eaving the concepts of vocal fatigue
and vocal rest still poorly understood. The review suggests

that there has been not enough work in the area of vocal
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fatigue to chart directly or indirectly physiological changes

due to phonation over long periods of tine.

Di agnostic procedures for voice disorder conprises of
tests that elicit information regarding the actual process of
voi ce production and the nature of sound generated. The

pur pose of the diagnostic procedures are

a) To determ ne the cause of a voice disorder.

b) To determine the degree and extent of the causative
di sorder.

c) To evaluate the degree of disturbance in phonat ory
function.

d) To determ ne the prognosis of the voice disorder as well
as that of the cause of the disorder.

e) To establish a therapeutic program

M chael and Wendahl (1971) consi der voice as a
mul ti di nensi onal series of measurable events, inplying that a
singl e phonation can be assessed in different ways. They

present a tentative list of twelve paraneters of voice, "nost
of which can be neasured and correlated wth specific
perceptions, while others are nore elusive and difficult to
talk about in nore than ordinal ternms." The twelve

paraneters listed by them are

1) Vital capacity
2) Maxi mum duration of controlled sustained blow ng

3) Model frequency range.
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5)
6)
7)
8)
9)
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Maxi mum frequency range.

Maxi mum duration of sustained phonati on.
Vol une/ Vel ocity airflow during phonation.
dottal wave form

Sound pressure |evel

Jitter of the vocal signal.

10) Shinmmer of the vocal signa

11) Effort level (vocal).

12) Transfer function of the vocal tract.

Hrano (1989) did an international survey and has

reconmended the  follow ng measur es for clini cal voi ce

eval uati on.

1.

Ar flow

Phonation quotient (PQ
Vocal velocity index (VW)
Maxi mum phonation tine.
Fo range

SPL range

Habi t ual FO

Habi t ual SPL

El ect rogl ot t ography.
Tape recording.

Pitch perturbation
anpl i tude perturbation
SN ratio

LTAS
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| nverse filter acoustic
VOT
per ceptual eval uation.
5. Laryngeal mrror
Fi broscopy of [Iarynx
M croscopy of larynx.
6. Xray | aryngography
7. Vital capacity
Ri bcage and abdom nal novenents

8. Audionetry.

There are various objective nmethods to evaluate these
paraneters. Stroboscopic procedure, hi gh speed
ci nemat ogr aphy, el ectrogrottography, ultrasonic recordings

and high resolution signal analyzer can be used.

El ectromyography is a test which evaluated sonme of the
paraneters which regulate the vibratory pattern of the voca

folds at physiological |evel.

Aerodynam ¢ neasurenents deals wth the aerodynamc
factors. Respiratory volunes, control of expiration and
tenporal aspects are the essential feature of assessnent.
Spironetry, pneumatochograph, pneunography can be used for

air flow neasurenent.

Psycho acoustic evaluation of voice is based on the fact
that the human ear has a surprising capacity to identify the

speakers sinply by listening to the voice. Vel |l trained
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voice clinicians are frequently able to determne the
causative pathologies on the basis of the psychoacoustic
i npression of abnormal voice (Takahashi 1974, Takahashi et al

1974, Hrano 1975).

To study the vibratory pattern of the vocal folds the
net hods recommended are  stroboscopy, ultra high speed

phot ography, glottography and acoustic anal ysis.

The acoustic analysis of the voice quantifies the
paraneters which determne the acoustic characteristics of
the sound generated. It has been considered vital in the

di agnosi s and managenent of patients with voice disorders.

H rano (1981) has pointed out that the acoustic analysis
of the voice signal nmay be one of the nobst attractive nethods
for assessing phonatory function or |aryngeal pathology
because it is noninavasive and provides objective and

guantitative data.

Since any single acoustic paraneter is not sufficient to
denmonstrate the entire spectrum of vocal function or of
| aryngeal pat hol ogy, mul ti di mensi onal anal ysi s usi ng
nmul tiple acoustic paranmeters was attenpted by Davis (1976).
He used paranmeters such as pitch perturbation quotient,
anpl i tude perturbation quotient, pitch anplitude, coefficient
of excess, spectral flatness of the inverse filter spectrum
and spectral flatness of the residue signal spectrum to

di fferentiate pathol ogical voices from nornmal voices.
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At present various conputer based nethods are being
evolved to extract different paraneters of voices. These
met hods are being used nostly in clinical and research work
because they are time savi ng and t hey don't need
interpretation on the part of experi nment er since the
paraneters are automatically anal yzed and gi ven.
Mul ti di nensi onal voice program nodel 4305 is one such program

and is being used in the present study on vocal fatigue.

H rano (1981) has pointed out that it is necessary to
use as mnmany paraneters of voice as possible in assessing
voice and its disorders. Before using the acoustic
paraneters for the study on vocal fatigue it is essential to
review the usefulness and effectiveness of these- paraneters
in the assessnent, diagnosis and treatnent of voice and its

di sorders.

Fundanent al Frequency:

Fundanental frequency is the lowest frequency that
occurs in the spectrumof a conplex tone. In voice also, the
fundanental frequency is considered the |owest frequency in
the voice spectrum This keeps varying depending upon

several factors.

Y- both quality and |oudness of voice are

mai nl y dependent upon the frequency of vibration. Hence it
seens apparent that frequency is an inportant paraneter in

voi ce" (Anderson 1961). There are various objective nethods
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to neasure the fundanental frequency of the vocal cords I|ike
stroboscopi ¢ procedure, hi gh speed ci nemat ogr aphy,
el ectrography, high resolution signal anal yser  frequency

meter, visipitch, vocal 1, etc.,

The study  of f undament al frequency has i nportant
clinical inplications. Cooper (1974) has used spectrographic
analysis, as a clinical tool to describe and conpare the FO
and hoarseness in dysphonic patients before and after vocal
rehabilitation. Jayaram (1975) f ound a significant
differences in habitual frequency neasures between normal's

and dysphoni cs.

A study was conducted by Asthana (1977) to find the
effect of frequency and intensity variation on the degree of
nasality in cleft palate speakers. The results of the study
showed that the cleft palate speakers have significantly |ess
nasality at higher pitch levels than the habitual pitch. But
the degree of perceived nasality did not change significantly

when habitual pitch was | owered.

Most of the therapies of voice disorders are based on
the assunption that each individual has an optinmm pitch at
which the voice wll be of a good quality and wll have
maxi mum intensity wth |east expense of energy (Nataraja and
Jayaram 1982) . Most of the therapies aim to alter the
habitual pitch level of the patients or nake the patient to
use his optinmum pitch (Anderson 1961, Van R per and Irw n,

1966) .
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Thus it is apparent t hat the neasurenent of the
fundamental frequency is inportant in the diagnosis ar.d

treatnent of voice disorders.

Frequency range in Phonation:

Variations in fundanmental frequency and the extent of
range used relate to the intent of the speaker (Fairbanks and

Pronovast 1939).

As far as variability of fundanmental frequency is
concerned the nost extensive study is that of Eguchi and
Hrsh (1969), who collected data for 84 subjects representing
adul thood and the age levels of 3-13 years, at one year
intervals, for the vowels /a/, /i/ and /u/ as produced in the

sent ence contexts. The variability of fundamental frequency

progressively decreased with age until a maxi num was reached
at about 10-12 years. This is taken as an index of the
accuracy of t he | ar yngeal adj ust ment s duri ng vowel
production, then t he accuracy of control I mproves

conti nuously over a period of atleast 7-9 years.

Shipp and Huntington (1965) indicates that laryngitic
voices had significantly smaller ranges than did post-

laryngitic voices.

Sheela (1974) has found that the pitch range was
significantly greater in trained singers than in untrained

si ngers.
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Jayaram (1975) reported that in nornmal males the
frequency range ranged from 90Hz to 510Hz in dysphonic nal es.
The fermales of the normal and dysphonic groups presented 140
Hz to 710 Hz and 60Hz to 400 Hz as their range of frequency
range respectively. He also reported that as a group,
dysphonics, both males and fenales presented a restricted
frequency range as conpared to normals. Thus, the neasure of
frequency range gains inportance in differential diagnosis of

dysphoni cs.

Nataraja (1986) found that the frequency range did not
change nmuch with age i.e, in the age range 16-45 years. He
also found that femal es showed a greater frequency range than

mal es in phonati on.

Nataraja and Savithri (1990) in a study on frequency
range of phonation in normals and dysphonics reported 1 - 29

in normals and 117-470 in dysphonics.
Perturbation measures

Thus review indicates frequency range is an inportant
paraneter and extensive data on pitch variations is needed

before it can be applied to clinical population.

"The cycle to cycle variation is fundanental frequency
is called pitch perturbation or jitter. Presence of snall
amount of perturbation in normal voice has been known (Mbore,
von |leden 1958). A periodic laryngeal vibratory pattern have

been related to the abnormal voice. (Browl er 1964, Carhart
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1983), Wke (1969), sorenson, Horii and Leonard (1980) have
reported the possible role of laryngeal nucosal reflex
mechani sm in Fo perturbation. This view of possible role of
| aryngeal nucosal reflex findings get support from the
studi es where deprivation or reducti on of af f erent
information from the Jlarynx occurred by anesthetizing the
| aryngeal nuscl es. This mght have reduced the |aryngeal
mucosal reflex (Wke '67, '69) and inturn increase the Jitter

size in sustained phonation (Sorenson et al. 1970).

Baer (1980) explains vocal Jitter as inherent to the
met hod of nuscle excitation based on the neuronuscul ar nodel
of the fundanmental frequency and nuscle physiol ogy. He has
tested the nodel wusing EM5 from Crico-thyroid nuscle and
voi ce signals, and clains neuronuscular activities as the
maj or contributor for the occurrence of perturbation.

A nunmber of high speed |aryngoscopic notion pictures
reveal that the laryngeal structures (the vocal folds) were
not totally symmetric. Di fferent amounts  of mucous
accunul ates on the surface of the vocal folds during
vi brati on. In addition turbulent air flow at the glottis
al so causes sone perturbations. Limtation of |aryngeal
servonechani sm through the articular myotitic nucosal reflex
system (CGould and Ckanura 1974; Wke 1967) may al so introduce
smal | perturbations in |aryngeal nuscle tone. Even wi t hout
consi deration of reflex nechanism the |aryngeal mnuscle tone

have i nherent perturbation due to the tinme staggered
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activities, which exi sts in any vol untary muscl e

contractions.

Von Leden et al (1960), reported that the nost frequent
observation in the pathological conditions is that there is a
strong tendency for frequent and rapid changes in the
regularity of vibratory pattern. The wvariations in the
vibratory pattern are acconpanied by transient pressure
changes across the glottis which are reflected acoustically
in disturbance of the fundanental frequency and anplitude
patterns. Hence, pitch perturbation and anpl i t ude

perturbation values are greater in pathol ogical conditions.

Li berman (1963) found that pitch perturbations in
normal voice never exceeded 5nsecs in the steady state
portion of sustained vowels. Simlar vari ations in
fundanental periodicity of the acoustic wave form have been

measured by Fairbanks (1940).

Wlcox (1978), WIcox and Horii (1980) reported that a
greater magnitude of Jitter occurs in the advancing age which
they attributed to the reduced sensory contribution from
| aryngeal nechanoreceptors. However, these changes in voice
with age may also be due to physical changes associated with
respiratory and articulatory nechani sm These perturbations
are related paraneters in pitch and anplitude and can be
nmeasured. There are different algorithns for the measurenent
of pitch perturbations. Some of them are : Absolute Jitter,

Jita percent, pitch period perturbation quotient, snooth
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pitch period perturbation quotient, co-efficient of Fo
variation, relative average perturbation. The definition
met hod of conputation and description is given in the

appendi x 1.

Several factors have been found to effect the val ues of
Jitter such as age, sex, vowel produced, frequency and

intensities.

H ggins and Saxman (1989) reported higher values of
frequency perturbation in nmles then females. Gender
difference may exist not only in magnitude, but also in the

variability of frequency perturbation.

Zemin (1962) has found greater Jitter values for /al,

than /i/ and /U showed | owest val ue.

Sorenson and Horii (1984) studied the vocal Jitter
duri ng sustained phonation of /a/, /i/ and /u/ vowels. The
result showed that Jitter values were low for /a/ with 0.17%

high for /i/ with 0.96% and internmediate for /u/ with 0.86%

Ram g (1980) postulated that Jitter values should
i ncrease when subjects are asked to phonate at a specific

intensity and/or as long as possible.

Cycle to cycle variation of anplitude is called
intensity perturbation or shinmer. These perturbations in
anplitude can be nmeasured using several paraneters. Ther e

are different algorithm for measur ement of anpl i tude
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perturbations. Sone of them are shinmmrer in dB, shinmmer %
anpl i tude perturbation qguoti ent, snoot hed anpl i tude
perturbation quotient, <coefficient of anplitude variation.
The definition, nmethod of conputation and description is

given in the appendix I.

Shimrer in any given voice is dependent atleast upon the
nodel frequency |evel, the total frequency range and the SPL
relative to each individual voice, Mchael and Wndahl (1971)
and Ramg (1980) postulated that shimer values should
i ncrease when subjects are asked to phonate at a specific

intensity and/or as long as possible.

Kitajima and CGould (1976) have found that vocal shinmmrer
is a useful paraneter for the differentiation of normals and
vocal cord polyp groups. They found the value of vocal
shimer ranging from 0.04 dB to 0.21dB in normals and from

0.08dB to 3.23 dB in the case of vocal polyps.

Sorensen and Horii (1983) studied the vocal shimer
during sustained phonation of /a/, /i/ and /u/ vowels. The
results showed that shimmer values was lowest for /u/ wth
0.19 dB, highest for /a/, with 0.33 dB and internediate for
/il with 0.23 dB.

Nataraja (1986) has found that speed of fluctuation in
fundanental frequency and extent of fluctuation in intensity
paraneters were sufficient to differentiate the dysphonics

from the nornals.
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Hi ggins and Saxman (1989) investigated w thin subject
variations of 3 vocal frequency perturbation indices over
multiple sessions for 15 female and 5 nmle young adults
(pitch perturbation quotient and directional perturbation
factor). Co-efficient of variation for pitch perturbation
quotient and directional perturbation factor was considered
indicative of tenporal stability of these neasures. Jitter
factor and pitch perturbation quotient provided redundant
i nformati on about |aryngeal behaviour. Also jitter factor
and pitch perturbation quotient varied considerably wthin
t he individual acr oss sessi ons, whi | e di recti onal
perturbation quotient vari ed consi derably within t he
i ndi vidual across sessions which directional perturbation

factor was a nore tenporarily stable neasure.

Venktesh et al, (1992) reported Jitter Ratio (JR),
Rel ati ve Average perturbation, 3 point(RAP3), deviation from
linear Trend (DLT), shinmmer in dB (SH M and anplitude
perturbation Quotient (APQ to be nost effective paraneters
in differentiating between normal nales, normal fenales and
dysphoni ¢ groups. They added that in the clinical
application, shimer in dB is nost effective and can act |ike
a quick screening device and in pitch perturbation neasures
like Jitter ratio (JR), relative average perturbation (3
point) and DLT are nost useful in differentiating |aryngeal

di sorders.
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Measur enent of Noi se: -

Yanagi hara (1967) states that in cases with a slight
degree of perceived hoarseness the noise conmponent appears in
the formant region and in severe hoarseness additional noise

over 3KHz can be noticed.

On sound spectrographic analysis Yanagi hora (1967) has
found that the sustained vowels perceived as hoarse has the

follow ng characteristics:

1. Noise conponents in the main formants of various vowels.
2. H gh frequency noi se conmponent.

3. Loss of high frequency harnonic conponent.

As the degree of judged hoarseness increases nore noise
appears and replaces the harnonic structure. He also
devel oped a technique for visually evaluating hoarseness

based on the spectrogram

Kitajima (1981) did a study in which he obtained a
quantitative magnitude of the noise in the sustained vowel
/ah/ when uttered by speakers w th pathologic voice. The
findings indicated that the noise ratio obtained could be
used as one of the reliable acoustic paraneters of the hoarse

Voi ce.

Yunoto (1982) and Yunoto et.al (1983) determned HN
ratio directly from the voice signals. They reported

significant agreenment between the HN ratio and objective



39

spectrographi c evaluation, thereby concluding that the HN
ratio would be useful in the assessnent of clinical treatnent

for hoarseness.

Kasuya, Ogawa, Mashima and Ebihara (1986) devised as
adaptive conb filtering method operating in the frequency
domain to estimate noi se conponents froma frequency drain to
estimate noise conponent from sustained vowel phonation and
proposed n acoustic neasure of the anobunt of noise in the
pat hol ogi ¢ voice signal for the purpose of applying it in the

screening of |aryngeal diseases by voice.

Experinents with voice sanples shows that the nornalized

noi se energy is especially effective for detecting glottic

cancer, recurrent nerve paralysis and vocal nodules. But
22.6% of patients with glottic - TI cancer are incorrectly
classified as nornmal. However, nornelised noise energy has

been shown effective in discrimnating glottic T2-T4 cancer.
The detectability of other |aryngeal disease can be inproved
by incorporating other neasures such as filter and shinmrer

(Kasuya et al., 1984).

Thus the review of Literature regarding different
acoustic paraneters show that these have been found to be
useful to study to the normal and abnormal functioning of
voi ce. However there are very few studies reporting the use
of acoustic paraneters in exploring the area of vocal

fatigue. To add, the studies have been carried out on nornal
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speakers and thus very little is known about vocal fatigue in

the high risk groups i.e professional voice users.

The present study was designed with the aimto
* Study vocal fatigue in teachers and i nvestigate t he

acoustic correlates of vocal fatigue in them

* To devel op susesptibility criteria for vocal fatigue

anong teachers.

* To highlight the sensitive paraneters in MVP for the

measur ement of vocal fatigue.
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METHODOL OGY

Experiment - 1

The purpose of the study was to develop a susceptibility
criteria for vocal fatigue by nultidinmensional analysis of
voice. The following twenty nine acoustic paranmeters of
mul ti di mensi onal analysis of voice program developed and

marketed by Kay Elenetrics Inc. were used.

1. Average Fundanental Frequency (Fo)

2. Average Pitch Period (TO

3. Highest Fundanental frequency (Fhi)

4. Lowest fundanental frequency (Flo)

5. Standard Deviation of Fo (STD)

6. Fo-trenor frequency (Fftr)

7. Amplitude Trenor frequency (Fatr)

8. Absolute Jitter (Jita)

9. Jitter percent (Jitt)

10. Rel ative average perturbation (RAP)

11. Pitch perturbation quotient (PPQ

12. Snoothed pitch perturbation quotient (sPPQ
13. Fundanental frequency variation (vFo)

14. Shimer in dB (ShdB)

15. Shimer percent (Shim

16. Anplitude perturbation quotient (APQ

17. Snoot hed anplitude perturbation quotient (sSAPQ
18. Peak-anplitude variation (vVvAM

19. Noise to harnonic Ratio (NHR)
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20. Voice Turbul ence Index (VTI)

21. Soft phonation Index (SPI)

22. Fo Trenor intensity Index (FTRI)

23. Amplitude trenor |ndex (ATRI)

24. Degree of voice breaks (DVB)

25. Degree of sub-Harnonics (DSH)

26. Degree of voiceless (DWW

27. Nunber of voice breaks (NVB)

28. Number of sub-Harnonic segnments (NSH)
29. Nunber of unvoiced segnents (NUV)

Definition of all the paraneters are given in appendix I.
SUBJECTS (G oup I)

Five normal subjects (4 nmales, 1 female) in the age
range of 20-45 years were considered for the study. They had
no apparent speech, hearing or ENT problens. Their
profession did not involve excessive use, msuse or abuse of

the vocal mechani sm

| NSTRUMENTATI ON
The followng instruments were used in the present
st udy.
Dynam ¢ m crophone (carodid, spny F - 760)
Pre amplifier
C. S.L speech interface unit (nodel 4300 B)
486 sx with CS L 50 hardware card.

a & w bh ke

MDVP sof t war e.
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Al'l the nmeasurenents were carried out in a sound
treated room of the phoniatrics |aboratory of the Departnent

of speech sciences. A l.l.S. H Msore-6.

BLOCK DI AGRAM

o e i e a1 +-
[{—‘ | Pre amplifier+--+ Speech interface+---+ PC 486 SX |
Mic  Hm==mm=m=====- + unit | Aemmmdimmmd
‘1-| _|
il |
PROCEDURE

For the purpose of automatic extraction of the acoustic
paraneters using MWVP software it was decided to use the
phonation i.e of vowels /a/, /il and /u/. Three trials of

phonati on were recorded for each vowel.

The subjects were instructed to take a deep breath and

say /a/l and the mcrophone was placed 4-6 inches from the

nonth of the subject. They had to mmintain a constant
intensity and pitch at confortable level. Simlar recordings
for vowels /i/ and /u/ were carried out. The first set of

phonation (pl) were recorded before the subject underwent
fatiguing task i.e reading. After recording the |1 set of
phonation subjects were involved in a fatiguing task. They
were asked to read a non enotional story for a duration of
1/2 hour wi t hout interruption mai nt ai ni ng an average
intensity of 65dB (+5dB). The LED of the speech interface

unit was used to nonitor the intensity. Subjects were told to



44

lower the intensity when the red light flickered and raise

the intensity when the green lights were not on.

The Il set of phonation (p2) were recorded after the
subject conpleted 1/2 hour of reading using the sane
procedure. Simlarly there was another fatiguing task and
the subjects had to continue reading for another 1/2 hour

followng which the Ill set of phonations (ps3) were recorded.

The voice sanples were analysed using nultidinmensional
anal ysis of voice program After the analysis the results
were obtained for each trial of each vowel for all the
subj ects. Further data was subjected to statistical analysis
using the NCSS software to obtain descriptive as well as

inferential statistical infornmation.
Experinment - 2

A survey of questionnaire consisting of three parts(25
guestions) was designed for teachers with an aim to obtain
informati on about vocal fatigue and to identify teachers

suffering from vocal fatigue

PART-A(l-11) was designed to obtain Biographical information

and details of work (teaching)

PART- B(12-22) addressed variety of synptons typically
associated with vocal attrition in order to determ ne which
of these synptons were frequently and currently experienced

by the respondents during or after teaching. The synptons
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were | abelled under current synptonms. The itens in this part

i nvol ved a YES/ NO forced choice response type.

PART- C(23-25) addressed guestions on the inpact of voice
probl em on teaching and general health. They had to conpare
the voice quality before and since they began teaching. The
teachers also had to describe if they had to take any
precauti onary neasures or medi cal t r eat ment for voice

probl ens. The questionnaire is given in appendi x-11.
DATA COLLECTI ON.

The questionnaire was administered to primary and

secondary school teachers in Msore city. Four school s
namel y, Denonstration Miltipurpose school, VijayaVittal a
Vi dhyashal a, Kukkarahalli Higher primary school and Manasa

gangotri school were considered for the survey. The teachers
were inforned about the purpose of the study in advance
through staff meeting. The subjects participation in the

survey was on a voluntary and anonynous basis.

The data was collected from 55 teachers through direct
interviews. Table 1. shows school, Age and sex Ww se

di stribution of teachers.
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School Age Range Mal es Femal e
Denonstrati on 24 - 57 4 14
mul ti pur pose school

Vijayavittal a 22 - 39 2 8
Vi dhya Shal a

Kukkar ahal i Hi gher 33 - 56 4 9

primary school
Manasagangot ri  School 24 - 54 3 11

ANALYSI S OF THE RESPONSES

The nunber of current synptons(PART-B) were totalled for
each teacher. Two groups were made depending on the nunber of
synptons i.e groupll (0-3 synptons) and grouplll (4-8
synptons) as the current synptons in teachers ranged from
(0-8).

Experiment - 3

The study of vocal fatigue were extended to teachers
selected from the Questionnaire.Ten teachers subjects were
divided into two groups (group-ll and group-l1lIl ) based on
the nunber of current synptons experienced. Goup Il
conprised of five teachers (3 males, 2 females) with current
synptons ranging from O0- 3. Gouplll consisted of five
teachers (1 male, 4 females) wth current synptons ranging
from 4-8.
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The instrunentation, procedures for recording and
analysis of voice sanples in Goupll and Goup Il were
simlar to groupl i.e using the sane experinental setup and
procedure as in experinent |. Phonations of /a/, /i/ and /u/

three trials each under prefatigue condition, after 1/2 hr of

reading and |hr of reading were recorded.
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RESULTS AND DI SCUSSI ONS

The purpose of the study was to develop susceptibility

criteria for vocal fatigue. There were three experinments

involved in the study.

1.

Determ ning the duration after which the vocal fatigue may
be observed in terns of paranmeters neasured through NMOVP
and to identify the paranmeters which can be used to find

out the vocal fatigue.

Adm nistration of questionnaire to identify the subjects
who were suffering from vocal fatigue because of their

teaching activities.

Assessnment of vocal fatigue in tw different groups of

subjects (groupll,Illl) who had history of vocal fatigue.
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EXPERI MENT - 1

NORMAL - SUBJECTS( Gr oupl )

Three sets of phonation tasks (pl,P2,P3) were neasured.
Pl was recorded before the reading task. P2 and P3 were
recorded after reading for 1/2 hour and 1 hour respectively.
This group consisted of four males and one female. The
paraneters were subjected to statistical analysis. The nean,
SD are given in Table 2 and graphs la and |Ib for males and

femal es respectively.

Par anet er Subj ect P1 P2 P3

M Mean 114. 64 118. 02 117. 29

Fo( Hz) S. D 13. 41 13. 22 12. 37

F Mean 207. 63 229. 103 227.05

SD 16. 41 24. 12 18. 43

M Mean 8.84 8.57 8. 60

TQ(nb) S. D 1. 07 0.98 0.94

F Mean 4.84 4.42 4.51

SD 0. 38 0.50 0.28

M Mean 120. 65 123. 99 153. 15

Fhi (Hz) S D 14.72 14. 96 0. 86

F Mean 217. 04 236. 29 233. 27

SD 27.72 26. 08 14.78

M Mean 108. 07 110. 76 110. 62

Fl o( Hz) S D 13. 31 11. 46 10. 69

F Mean 193. 14 218. 63 204. 62

SD 18. 30 21.82 15. 81

M Mean 1. 404 1. 56 1.49

STD( Hz) S. D 0.64 0.511 0. 56

F Mean 2.035 2.31 2.24

SD 0.41 0.94 0.51

M Mean 4,73 6. 46 6. 79

Fitr(Hz) S. D 5.55 6. 60 6. 90
F Mean 1.34 1.26 2.304

SD 0.52 0. 104 1.16
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M Mean 0. 00 0.00 0. 00

NVB (% S.D 0. 00 0. 00 0. 00
F Mean 0. 00 0. 00 0. 00

SD 0. 00 0. 00 0. 00

M Mean 5.03 5. 52 5. 55

NSH (% S.D 0. 00 0.33 0. 00
F Mean 0. 00 0. 00 0. 00

SD 0. 00 0. 00 0. 00

M Mean 0. 00 2.77 0.11

NV (% S.D 0. 00 0.16 0. 66
F Mean 0. 00 0. 00 0.00

SD 0. 00 0. 00 0. 00

The inspection of Table 2 and graphs la and 1Ib
showed that there was a nmeans of the followng paraneters

across phonati ons.

Pre fatigue phonation (Pl), phonation after 1/2 hour of

reading (P2), phonation after 1 hour of reading(p3).

No paraneter showed difference (in means) across three
phonations in both mle and female subjects. The female
subj ect showed difference in nmeans of Fo(207.63- 229.10 Hz)
between PI and P2 and (207.63-227.05Hz) between PI and P3. In
addition there was difference in Fhi(217.04-236.29Hz) between
pl and p2, (217.04-233.27Hz) between pl and p3. Jita
differed between pi, p2(23.09-30.84 nsec.) and pi p3 Jita
(23.09-15.49 msec).
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Aver age Fundanental Frequency (Fo)
Average Pitch Period (TO

H ghest Fundanental frequency (Fhi)
Lowest fundanental frequency (Flo)
Standard Deviation of Fo (STD)
Fo-trenmor frequency (Fftr)

Amplitude Trenor frequency (Fatr)
Absol ute Jitter (Jita)

Jitter percent (Jitt)

Rel ati ve average perturbation (RAP)
Pitch perturbation quotient (PPQ
Snmoot hed pitch perturbation quotient (sPPQ
Fundanent al frequency variation (vFo)
Shimrer in dB (ShdB)

Shi mrer percent (Shim

Ampl i tude perturbation quotient (APQ
Snmoot hed anplitude perturbation quotient (sSAPQ
Peak- anplitude variation (VAM

Noi se to harnonic Ratio (NHR)

Voi ce Turbul ence | ndex (VTI)

Soft phonation Index (SPI)

Fo Trenor intensity Index (FTRI)
Amplitude trenor |ndex (ATRI)

Degree of voice breaks (DVB)

Degree of sub-Harnonics (DSH)

Degree of voicel ess (DWV)

Nunmber of voice breaks (NVB)

Nunber of sub-Harnonic segnents (NSH)
Nunber of wunvoiced segnents (NUW)

Pl - PREFATI GUE PHONATI ON

P2- PHONATI ON AFTER %+ OF READI NG

P3- PHONATI ON AFTER | H OF READI NG
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Prefati gue phonation(pl) and phonation after 1/2 hour of

readi ng(p2)

The paraneters showing difference in neans across pli and
p2 only were Jita ( 71.70-78.72usec.) in males. Flo(193. 14-
218. 63Hz), SAPQ2.07-1.805% in fenmale subject.

Prefati gue phonation (pl) and phonation after 1 hour of

reading (p2).

In males fhi(120.65-153. 15Hz) showed difference in neans

between pl and p3.

Further the results were subjected to statistical
analysis using paired T test. The follow ng paraneters showed
statistically significant difference between the phonations

at .05 |evel.
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TABLE 2a : PARAVETERS SHOW NG SI GNI FI CANT DI FFERENCE AND
CORRESPONDI NG T VALUES.
Pl vs P2 Pl vs P3 P2 vs P3
Fo(- 6. 16) Fo( - 4. 45)
Mal es TO(6. 13) TO(4.61)
Fhi (-2.72) Fl o(-2.03)
STD( - 1. 31)
Fo(-5.91) Fo(-6.02) Fftr(-2.59)
TQ( 6. 63) TQ(5.71) Jita(2.74)
Fhi (- 3. 32) STO( - 2. 37) Jitt(2.6)
Fenal es Fl o(-5. 004) Jita(3.28) RAP( 2. 61)
SAPQ - 1. 38) Jitt(2.77) PPQ 2. 63)
Ftri(2.48) Rap(2. 73)
PPQ 2. 72)
ShdB( 2. 89)
Shin( 2. 89)
APQ 3. 47)
Prefatigue phonation(pl), phonation after 1 hour of reading

(p2) and phonation after 1 hour of reading (p3).

From Tabl e-

showi ng si gni fi cant

across all

f requency,

2a it

three phonati ons.

Aver age

pi tch

difference both

peri od

in

and

mal es and

| onest

frequency showed significant difference between pl and p2,

Is evident that there was no paraneter
fenal es
In nmales Average fundanental

f undanent a

pl
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and p3 only. For the female subject paraneters show ng

simlar results were Average fundanental frequency and
Average pitch period. Absolute Jitter, Jitter percent,
Rel ative Average perturbation, and pi tch perturbation

quotient showed significant difference across p2 and p3 and

pl and p3.

Hence hypothesis | a - stating there is no significant
di fference between prefatigue phonation (P1), phonation after
1/2 hour of reading (p2) and phonation after 1 hour of
reading (p3) is rejected as none of the paraneters showed
significant difference across all the three phonations in
both males and females. A so there was no linear pattern
in the amount by which each paraneter was affected wth

respect to fatiguing task.

Prefati gue phonation (pl) and phonation after 1/2 hour of

readi ng(p2).

The paraneters showing significant difference across Pl
and p2 only were - In nales H ghest fundanental frequency and
standard devi ation of Fo and . fenmale subject showed
significant difference on Highest fundanental frequency,
Lowest fundanent al frequency, snoot hed anpl it ude,
perturbation quotient, Fo trenor intensity index and pitch

perturbation quotient.

The Hypothesis | b stating that there was no significant

difference between prefatigue phonation (pl)and phonation
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after 1/2 hour of reading(p2) was partly accepted and partly
rejected as sonme paranmeters showed significant difference
across pl and p2. Thus half an hour of reading was sufficient

to bring changes in the acoustic paraneters.

Prefatigue phonation (pl) and phonation after 1 hour of

readi ng (p3).

Standard deviation of FO, shimer in dB, shimer percent and
Amplitude perturbation quotient showed significant difference

in femal e subject across pl and p3 only.

Hypothesis | C stating that there was no significant
di fference between prefatigue phonation (pl) and phonation
after 1 hour of reading (p3) is partly accepted and partly
rej ected as only sone par aneters showed si gni ficant

di fference across pl and p3.

Phonation after 1/2 hour of reading (p2) and phonation after

1 hour of reading(p3).

In female subj ect par aneters showi ng significant
di fference across p2 and p3 only were Fo-trenor frequency and

pitch perturbation quotient.

Hence the hypothesis stating that there was no
significant difference between phonation after 1/2 hour of
reading (p2) and phonation after 1 hour of reading (p3) was
partly accepted and rejected as sone paraneters showed

significant difference across p2 and p3.
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In case of fenmale subject nore nunber of paranmeters were
affected to 16 as conpared to nales i.e, 5 across phonation
task. In both males and females subjects +the follow ng
paraneters showed significant difference across phonation-
Aver age fundanmental frequency (Fo) Average pitch period (To),
H ghest fundanent al (Fhi), Lowest f undanent al frequency
(Fl o), Absolute Jitter (jita), Jitter percent(%, Relative
Average perturbation (RAP) & pitch perturbation quotient
(PPQ) . It can be concluded that fundanmental frequency
rel ated neasurenents (Fo, To, Fhi,Flo) and short and long term
frequency perturbation neasurenents (Jita, Jitt, RAP, PPQ
were the nost sensitive paraneters in MNP accounting to

measur enent of vocal fatigue.
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EXPERI MENT - |1
ADM NI STRATI ON OF QUESTI ONNAI RE
The questionnaire was admnistered to 55 teachers of
four schools in Mysore. The nunber of current synptons were
tabulated for each subject. Based on nunber of synptons
present 10 subjects selected for the next phase of study.

The synptons observed are presented in Table-3.

SUBJECT 1 2 3 4 5 6 7 8 9 10

ACE IN
YEARS/ 39/F 36/M 43/M 37/F 31/F 40/F 31/ F 38/F 40/M 38/ M
SEX

CURRENT
SYMPTOVS
Dryness in
t hr oat

+
+
+
+
+
1
+
+
+

Vocal + + + + + - + _ _
fatigue

Scr at chy - - + + - + - -
sensati on

D sconfort + - + + - - - - +

Effort to + + - + + + - - -
tal k

Voi ce break- + + + +

Tr oat + i i -
cl earing

Short ness - - - -
of Breath

Pain in the- - - + - - - B B
t hr oat

Bur ni ng - - + - - - . .
sensati on

Voi cel ess + +
ness
Tot al 5 4 1 5 8 5 1 3 1 2
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From the analysis of responses for 10 subjects selected for
the study. It was seen that the nunber of current synptons
ranged from one to eight. The fermale subjects showed nore
nunber of synptons than the male subjects. Anong the current
synptons in teachers-dryness in throat, vocal fatigue (voice
tires easily or changes in quality) and talking needs a I|ot

of effort were nost frequently reported synptons.

The subjects were then divided into two groups i.e.
groupll and grouplll on the basis of nunber of current
synptons experienced. Goupll subject had (0-3) synptons and
G ouplll had (4-8) synptons.
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EXPERI MENT- | | |
GROUPI | TEACHERS (0-3 SYMPTOVS)

Teachers with 0-3 synptons formed Goup II. There were
three males and tw females in this group. These subjects
were given simlar task as group | and acoustic paraneters
nmeasured were subjected to analysis. The nmean, S D for males

and fermales are given in Table-4 and G aphs 2a and 2b.

PARANVETER SEX Pl P2 P3
VEAN 121.76 122. 34 124. 95
M SD 29.92 18. 28 15. 41
Fo( Hz)
VEAN 220. 95 202.94 214. 22
F SD 5.84 3.85 3.96
VEAN 8. 82 7.99 3.12
M SD 1.34 1.04 1.02
TO( Hz)
VEAN 4,52 4. 95 4.90
F SD 0.11 0.14 . 26
VEAN 140. 99 137. 32 134. 58
M SD 24.42 21. 49 17. 03
Fhi (Hz)
VEAN 233. 07 218.55 212.74
F SD 12. 97 12.19 9.5
VEAN 113. 05 117. 39 117. 208
M SD 20. 64 18. 18 71. 43
Fl o( Hz)
VEAN 208. 89 172.71 194. 14
- F SD 12. 62 33.54 16.9
VEAN 3. 007 2.04 3.30
M SD 2.06 0.81 2.82
STD( Hz)
VEAN 6. 32 6. 57 6.34
F SD 8.35 8.83 5.82
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MEAN 4. 82 1.98 3.0
M SD 0.69 0 0
DUB( %)
MEAN 0. 64 0.17 0.34
F SD 4. 63 0.72 0. 62
MEAN 8.61 6. 03 8.25
M SD 0. 26 0. 96 0. 22
beH
MEAN 1. 66 1.91 1.66
F SD 0.37 3.6 4.44
MEAN 2. 68 2. 38 2.97
M SD 0.72 0.43 .67
DUV( %
MEAN .12 .70 0
F SD 2.35 1.85 0
MEAN 0. 22 0.28 0.3
M SD 0. 42 1.28 0.2
NB
MEAN .55 .16 0.13
F SD 4. 03 . 70 0
MEAN 3. 407 3. 05 3. 703
M SD 0.12 0 0.19
NSH
MEAN 1.44 5. 88 1.44
F SD 0.32 8.23 3. 86
MEAN 2.55 2.07 2.59
M SD .11 .61 5. 89
NV
MEAN 0 .61 0
F SD 0.7 1.61 0

Exami nation of table and graphs showed difference in neans

across the phonati ons.

Prefati gue phonation (pl), phonation after 1/2 hour of

readi ng (p2) and phonation after 1 hour of readi ng(p3).

No paraneters showed difference in ternms of means across
all the three phonations in the male subjects. However Jita

(31.13-67.72-0.49 nmsec.) and SPI  (11.85-13.7-18.53nmsecC.)
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showed difference between Pl,p2,p3 respectively in the fenale
subjects. Jita showed di fference across pl and p2
(150. 35-115.15 nsec) and (150.35-138.66nsec) between pl and
p3 in the male subjects. For the femal e subjects paraneters
showing difference across pl and p2 and pl and p3 were
Fo(220. 95-202. 94Hz), (220.95-204.22Hz),, Fhi (233. 07-
218.55Hz), (233.07-212.74Hz), Flo(208.89-172.71Hz).
(208.89-199. Hz), Jita(31l.13-67.72nsec), (31.13-40.49 nsec).
The male subjects showed a difference in VIl between pl and
p3(7.24-0.58), P2 and p3(7.52-0.88). Female subjects showed a
difference in Jitt between pl and p2 (1.85-1.38%, p2 and p3
(1.38-1.54%

Pref ati gue phonation(pl) and phonation after 1/2 hour of

readi ng(p2)

The follow ng paraneters showed difference only across
pi and p2. In mles they were SPl(20.54-16.41) and
Jita (150.35-125.15Msec) and in Fenmale subject sPPQ( 1. 64-
0.999%, Shim(3.23-5.75%, NSH(1.44-5.88), APQ3.35-4.92%,
VAM 9. 19-12.81%, SPI(11.85-13.70) showed difference.

Prefati gue phonation (Pl) and phonation after 1 hour of

reading (p3).

In mal es Fhi (140. 99-134.58Hz) showed difference only

across pl and p3.
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Phonation after 1/2 hour of reading (p2) and phonation

after 1 hour of reading (p3).

VTl showed differences across p2 and p3 in female

subj ect s(5. 69-4. 93)

Paired T test was used for further analysis of the data
and the follow ng paraneters showed statistically significant

di fference across phonation at .05 |evel.

TABLE- 4a: Par aneters showi ng significant difference across
phonations and their T val ues

Pl vs P2 Pl vs P3 P2 vs P3

STD (2. 26) Shim (2.21)
Jita (2.22)
Jitt (2.56)
RAP (2.50)
Mal es PPQ (2.70)
vFo (2.22)
SPl (2.41)
FTR (3. 40)

Fo (12.30) Fo (9.04) Fo (-2.72)
TO (-9.92) TO (-8.19) Jita (2.75)
Fhi (4.33) Fhi (5. 68) Jitt (2.78)
Flo (3.80) Fo (5.16) RAP (2.99)
Jita (-2.97) SPl (-2.72) PPQ (2. 78)
Jitt (-2.53) sPFQ (1.56)



Femal es RAP (-2.78) vFo (1.62)

sPPQ (-1.97) SAPQ (2.17)
ShdB (- 3. 36) N-R (3.13)
APQ (- 3. 40) VAM (1. 83)
SAPQ (-3.01) VTl (1.37)
NHR (-3.41)
NSH (- 2. 43)

Prefatigue phonation(pl), Phonation after 1/2 hour reading

(p2) and phonation after 1 hour of reading(p3)

Table revealed that only Lowest fundamental frequency
showed significant difference across ail the three phonations
in female subjects. Average fundanentals frequency, Average
pitch period, Hi ghest f undanent al frequency, showed
significant difference across pl and p2 and pl and p3 in the
femal e subjects. In addition Jitter percent, Absolute Jitter
Rel ati ve average perturbation, Snoothed pitch perturbation
quotient, and noise to harnmonic ratio showed significant
di fference between pl and p2 and p2 and p3 in them

Thus the hypothesis |Il-a stating that there is no
significant difference between prefatigue phonation(pl),
phonation after 1/2 hour readi ng(p2), phonation after 1 hour of
readi ng(p3) was partly accepted and partly rejected as F10
showed significant difference across the phonation in fenale
subject. Here also no linear trend observed in terns of
amount by whi ch each par anet ers S af fected acr oss

phonati ons.
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Prefatigue (pl) and phonation after 1/2 hour of

readi ng(p2)

Anong nmales the follow ng paraneters showed significant
difference across pl and p2 only- Average fundanental
frequency, Absolute Jitter, Jitter percent, Relative average
perturbation, pitch perturbation Quotient, variation in
fundanmental frequency, soft phonation index and FO trenor
intensity index and only Anplitude perturbation quotient and

Nunmber of Sub-Harnonic segnents in femal e subjects.

Thus the hypothesis-lib stating that there is no
significant difference between prefatigue phonation(pl) and
phonation after 1/2 hour of reading (p2) is partly accepted
and partly rejected as sone paraneters showed significant
changes across phonation Pl and pZ2. Further it can be
concl uded that even anong teachers (group Il1) half an hour of

reading was sufficient to induce fatigue.

Prefati gue phonation(pl) and phonation after 1 hour of

readi ng(p3)

Shi mrer % showed significant difference in males subjects only
across pl and p3.

Hypothesis Il-c stating that there was no significant
difference between prefatigue phonation(pl) and phonation
after % hour of reading (p3) is partly accepted and partly
rejected as sone paranmeters showed significant difference

across pl and p3.
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Phonation after 1/2 hour of reading (p2) and phonati on

after 1 hour of reading (p3).

In femal e subjects Variation in Fundamentals frequency,
peak anplitude variation, Voice turbulence index showed

significant difference between p2 and p3 only.

Hypot hesi s stating t hat there was no significant
di fference between phonation after 1/2 hour of reading (p2)
and phonation after 1 hour of reading (p3) is partly accepted
and partly rejected as sone paraneters showed significant

di fference between p2 and p3.

In femal e subjects nore nunber of acoustic paraneter
ware affected across phonation i.e., 22 whereas only 10

paraneters were affected in males.

Aver age fundanent al frequency (Fo), Average pitch
period (TO), Hi ghest fundanentals frequency (Fhi), |owest

fundanmental frequency (Flo),. Absolute Jitter (Jita),Jitter _

percent (Jitt), Rel ati ve aver age perturbation (RAP) ,
Snmoot hed pitch perturbation qguot i ent (sSPQ), pi tch
perturbation quotient (PPQ shi mer Per cent, snoot hed
anplitude perturbation quotient (sAPQ) , sof t phonat i on

i ndex(SPI'), Noise to harnonic ratio showed significant
di fference across phonation in males and females. Thus it can
be concluded that Fundanental frequency related paraneters
(Fo, To, Fhi,Fl o), short and long term frequency perturbation

neasures (Jita, Jitt, RAP, PPQ sPPQ and Noise related
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nmeasurenents (NHR, SPI) and short and Ilong term anplitude
perturbation measurenent ( Shi nt4 sAPQ are the sensitive
paraneters which could be wused to study vocal fatigue in

t eachers.

Goup I11-TEACHERS (4-8 synptons)

Teachers with 4-8 synptons formed group III. |t
conprised of four females and one male. Simlar reading task
was given as group | & Il. Acoustic paraneters were subjected
to analysis and are presented in terns of nmean and S D across
phonation pl, p2, p3 in Table - 5 and Gaph 3a and 3b

respectively.

PARAMETER SEX Pl P2 P3
MEAN 135. 31 129. 02 129. 80
M SD 11.55 1. 69 3.26
Fo (Hz)
MEAN 203.78 210. 2 218. 43
F SD 7.7 10. 05 12. 84
MEAN 6. 49 7.74 7.93
M SD 0. 57 0. 09 0.74
TO (Hz)
VEAN 4,92 4,76 4,62
F SD 0. 237 0.21 0. 32
MEAN 140. 21 133. 73 133. 74
M SD 18. 90 2.31 4. 66
Fhi (Hz)
MEAN 218. 33 219. 63 231. 39
F SD 17. 31 37.19 20. 22
MEAN 120. 46 123. 39 123. 5
M SD 25.61 7.69 6. 32
F10 (Hz)
VEAN 177. 07 172. 25 172. 25

F SD 37.85 34. 88 37. 30
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Prefatigue phonation (Pl), phonation after % hour of reading

(P2) and phonation after 1 hour of reading:

FO(203. 78-210. 2-218.43Hz) in females was different across all
the three phonations. In male subjects, the follow ng
paraneters showed difference between PI and P2 and PI and P3.
Fo (135.31-129.08 Hz), (135.31-129.80Hz), TO (6.49-7.47Hz),
(6.49-7.93Hz). Fhi (140.21-133.73Hz), (140.21-133.74Hz). The
femal e subjects showed difference in Jita between Pl and P3

and P2 & P3 i.e.(49.88 -29.35), (46.27-27.35).

Prefati gue phonation (Pl) and phonation after % hour of

readi ng (P2):

Mal e subj ect showed difference in sAPQ between PI & P2 (4.90-
3.77%, VAM VTl showed difference between PI & P2 in fenale
subjects. The values are (8.04-11.219% for VAM and (0. 45-
4.78) for VTI.

Prefatigue phonation (PlI) and phonation after 1 hour of

readi ng (P3)

The femal e subjects showed difference in Fhi between Pl and
P3 (218. 33-231. 39Hz)

The data was further subjected to statistical analysis to
verify the observations using paired T test. The follow ng
showed statistically significant difference across phonations

at 0.05 level in males and fennl es.
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TABLE - 5a. Paraneters affected across phonations and
corresponding T values in nale and fenal es
Pl vs P2 Pl vs P3 P2vs P3
Fo (5.63) TO (- 6. 04) Flo (- 2.5)
TO (-6. 10) Fhi (5.92)
MALE Fhi (5. 96) vFo (2.79)
PPQ (2.31) FTR (4.32)
SAPQ (3.77)
FTR (2. 34)
Fo (-4.94) Fo (4.93) Fo (-9.6)
TO (3.29) TO( 6. 99)
TO (4.94) STD (2.33) Fhi (-3.85)
VAM (- 3. 77) Jita (3.34) SPl (2.88)
Jitt (2.98)
RAP (2.95) i
FEMALES PPQ (3. 05)
sPPQ (3.67)
vFo (3.04)
- SAPQ (3. 27)
VAM (2. 12)
NHR (2.05)

VTl (2.5)




75

Prefatigue phonation (Pl), phonation after % hour of reading

(P2) and phonation after 1 hour reading (P3):

The female subjects showed significant difference across
phonations PI, P2, P3 in Average fundanental frequency and
Average pitch period in terms of nmeans. The nmale subject
showed significant difference in Average pitch period, Fo
tremor intensity index and Hi ghest fundanental frequency

bet ween phonations PI & P2 and PI & P3. The fenmale subjects

showed simlar results in peak anpl i tude variation
Hypothesis IIl a - stating that there was no significant
difference between pre-fatigue phonation (Pl), phonati on

after half hour reading (P2) and phonation after one hour of
reading (P3) was partly rejected and partly accepted as sone

par ameter showed difference across phonati ons.

Prefati gue phonation (Pl) and phonation after % hour of

readi ng :

Aver age fundanent al frequency , snoot hed anpl i tude
perturbation quotient and pitch perturbation quotient showed
significant difference in the nmale subject between phonations

Pl and P2.

Thus hypothesis Il b- stating that there was no significant
difference between prefatigue phonation Pl and phonation
after half hour of reading P2 was partially accepted and

partially rejected as sone paraneters showed significant
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di fference across phonation PI and P2 . Here also half hour

was sufficient to induce vocal fatigue

Prefatigue phonation (PlI) and phonation after 1 hour of

readi ng (P3):

In the male subject Variation in fundanental frequency was
seen and in fenmales significant difference was seen in

H ghest fundanental frequency and soft phonation index.

Thus hypothesis I1l c- stating that there was no significant
di fference between Prefatigue phonation (Pl), phonation after
one hour reading (P3) is partly accepted and partly rejected
and sonme paraneters where affected due to one hour of

r eadi ng.

Phonation after % hour of reading (P2) and phonation after 1

hour of reading (P3):

The male subject showed significant difference in Lowest
fundanental frequency across phonation P2 & P3 only. Likew se
the femal e subj ects showed si gni fi cant difference in
paraneters of standard deviation of Fo, Absolute Jitter,
Jitter percent, Rel ati ve Aver age perturbation, pi tch
perturbation quotient, Snoothed pitch perturbation quotient,

Variation in f undanent al frequency, Snmoot hed anpl i tude
perturbation quotient, Peak anplitude variation, Noise to

harnmonic ratio and Voi ce turbul ence index
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Hypothesis |I1l-d stating that there was no significant
di fference between phonation after - % hour of reading (72)
and phonation after 1 hour of reading (P3) was partly
accepted and partly rejected as sone paraneters were affected

across P2 and P3.

In the nmale subject only nine paraneters were affected across
phonations in terns of significant differences shown in
conparison with 16 paraneters as shown by fenmales . Average
fundanental frequency, standard deviation of Fo, Hi ghest
fundanental frequency, Lowest fundanental frequency, Jitter
Percent, Absolute Jitter, pitch perturbation quoti ent.
Variation in f undanent al frequency and peak anplitude
vari ation indicated changes across phonations nore frequently
in mle and female subjects. Thus fundanental frequency
rel ated paraneters (Fo, TO, Fhi, Flo,), short and long tern
frequency perturbation neasures (Jita, Jitt, PPQ vfo) and
short and long term anplitude perturbation neasures are the
nost sensitive paraneters which can be used to study vocal

fatigue in teachers.

Hypot hesis [V

| nspection of tables and graphs reveal ed that there was
no difference across the phonations PI P2 P3 in terns of
different paraneters in normals (group ), group Il and
group Il teachers. Thus the hypothesis |V a stating that
there was a significant difference in terns of neans across

phonation in normals, group | and group Il teachers in terns
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of different paranmeters is rejected. Tabl e showi ng the
sensitive paraneters affected in each group of subjects due

to fatigue task.

TABLE - 6. Sensitive paraneters affected in each group of

subj ects across phonations

GROUP- | GROUP- 1 | GROUP-1 1 |
(Nor nmal s) (0-3 synptons) (4-8 synptons)
p Fo Fo Fo
A TO TO SID
R Fhi Fhi Fhi
A Flo Fl o Flo
M Jita Jita Jita
E Jitt Jitt Jitt
T RAP RAP PPQ
E PPQ PPQ vFo
R sPPQ VAM
S SAPQ
SPI
NHR

(bservation on Table showed that as a group teachers showed
nmore nunber of paraneters affected than normals, however
there were not nuch differences anong the teacher groups i.e.
group Il and group IlIl who differed in terns of nunber of

current synptons.
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Thus the hypothesis IV b stating that there was no
significant difference in normals, group | teachers (0 -3
synptons) and group |l teachers (4-8 synptonms) in terns of
nunber of paraneters affected is partly accepted and part
rejected as there was difference in terns of nunber of
paraneters affected between normals, group |l and group Il
teachers but not between group | and Il teachers. Hence it
can be concluded that teachers are nore susceptible to voca
fatigue because of their teaching activities as conpared to
normals. Also there was no correl ation between the nunber of
current synptons as shown by the questionnaire study and the
nunber of par aneters af fected as f ound t hr ough

mul ti di mensi onal analysis of voice.

Thus it can be concluded that fundanental frequency related
par aneters, short and long term frequency perturbation
rel ated measurenent coul d be used to assess t he

fatiguability. Hence the purpose of the study was achieved
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SUMVARY AND CONCLUSI ONS

In the present study nulti-dinmensional voice program nodel
4305 was used to acquire, analyse and display the follow ng
31 voice paraneters from a single wvocalization. These
extracted paraneters were available as a nunerical

values file which was subjected to statistical analysis.

Aver age Fundanental Frequency (Fo)

Average Pitch Period (TO

H ghest Fundanental frequency (Fhi)

Lowest fundanental frequency (Flo)
Standard Deviation of Fo (STD)

Fo-trenor frequency (Fftr)

Ampl i tude Trenor frequency (Fatr)

Absol ute Jitter (Jita)

Jitter percent (Jitt)

Rel ative average perturbation (RAP)

Pitch perturbation quotient (PPQ

Snoot hed pitch perturbation quotient (sPPQ
Fundanental frequency variation (vFo)
Shimer in dB (ShdB)

Shi mrer percent (Shim

Anplitude perturbation quotient (APQ

Snoot hed anplitude perturbation quotient (sSAPQ
Peak-anpl i tude variation (VvAM

Noi se to harnmonic Ratio (NHR)

Voi ce Turbul ence I ndex (VTI)

NRRPRRRRRRRRER
POOMNONAWNROOONOURWNE

21. Soft phonation Index (SPl)

22. Fo Trenor intensity Index (FTRI)
23. Amplitude trenor Index (ATRI)
24. Degree of voice breaks (DVB)

25. Degree of sub-Harnonics (DSH)
26. Degree of voiceless (DW)

NN N
© oo~

Nunber of voice breaks (NVB)

Nunmber of sub-Harnonic segnents (NSH)

Nunmber of unvoiced segnents (NUW)

The paraneters were neasured in three groups of subjects.
Goup | conprised of normals (4 males and 1 female). Three
sets of phonations for vowels /a/ , /i/ ,/ul were recorded in

prefatigue phonation (P1), phonation after half hour reading

(P2) and phonation after one hour reading (P3)
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A questionnaire was designed for teachers who experienced
problens due to teaching . It was admnistered on 55
teachers from four schools in Msore city. 10 teachers were
sel ected based on the nunber of current synptons experienced.
They formed group Il (0-3 synptons) with (3 males, 2 fenales)
and group Il (4-8 synptons) with (1 male,4 fenales). These
teachers underwent simlar tasks as group | subjects and
phonations Pl, P2, P3 were recorded. The results were subjected
to statistical analysis. (paired T test and descriptive

statistics) using NCSS conputer programme.

The results indicated the follow ng:

1. In normals (group I), teachers with 0-3 synptons

(group Il1) and teachers with 4-8 synptons (group I11),
there was significant difference across phonations in sone of
the paraneters. These par aneters coul d be considered
sensitive to vocal fatigue( using nulti-dinensional analysis
of voice program. They are Fundanental frequency rel ated
measurenents (Average fundanental frequency , Average pitch
period , H ghest fundanental frequency, Lowest fundanental
frequency, Standard deviation in FO, short and long term
frequency perturbation neasures (Absolute Jitter , Jitter
percent , Relative average perturbation , Pitch perturbation
gquotient, snoothed pitch perturbation quotient, f undanent al
frequency vari ation). Interestingly , in teachers short and
long term anplitude perturbation neasurenents - (snoothed

anplitude perturbation quotient, peak anplitude variation)
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and noise related neasurenents (Noise to harnmonics ratio and

soft phonation index) were also affected.

2.

It was observed that half hour of reading was sufficient
to induce vocal fatigue both in normals and teachers as it
brought about changes in the acoustic paraneters. However
there was no linear trend in the anount by which each
paraneter was affected wth increasing fatiguing task
Thus half hour duration of reading was sufficient to study

vocal fatigue.

As a group the female subjects showed nor e nunber of

paraneters affected than the mal e subjects in each group.

There was no significant difference across the phonations
ingroup I ( normals), group Il (0-3 synptons) teachers
and group IV (4-8 synptons) teachers in terns of means in
the paraneters neasured . But there was difference
observed in terns of nunber of paraneters affected across
the groups . Teachers showed nore nunber of paraneters
affected across the groups and they showed nore nunber
of paraneters affected than normals but there was no
di fference observed between the two teacher groups. Thus
no correlation was obtained between the questionnaire
report and the acoustic correlates . It can be concl uded
that the teachers were nore susceptible for vocal fatigue
than normals and recording of voice in natural conditions

at school would have shown nore paraneters affected.
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The sensitive parameters as found in this study could
be used to find out the susceptibility of vocal fatigue that
is when the paraneter are affected after % hour cf reading it

can be considered the particular individual is susceptible

for vocal fatigue.
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APPENDI X - |

The definition of the 29 paraneters as given in the NDVP

manual are as follows: -
1. AVERAGE FUNDAMENTAL FREQUENCY (Fo)/Hz/

Aver age value of al | extracted period to period

fundanmental frequency val ues. Voice break areas are excl uded.

Fo is conputed from the extracted period to period pitch

data as:
Fo = --- &  Fo'%/
i=1
where Fo'') = 1 = period to period fundanental frequency.
Ta"
99, i =1,2,. .. N - extracted pitch period data

N = PER - nunber of extracted pitch peri ods.
2. AVERAGE PI TCH PERIOD (TO)/ nmsec/

Average volume of all extracted pitch period values

voi ce break areas are excluded.
T0 = --- & TO(i)
N i=1
where TA"Y , i = 1,2,....N - extracted pitch period data.

N = PER - nunber of extracted pitch peri ods.
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3. H GHEST FUNDAMENTAL FREQUENCY (FHI)/ Hz/

The great est of al | extracted period to period
fundanental frequency val ues. Voice break areas are
excluded. It is conputed as
Fhi = max [Fo')] i = 1,2, N.
where Fo(i) = 1 period to period fundanental

TG

frequency val ues.

To(i), 1 = 1,2,...N - extracted pitch period data.

4. LOWEST FUNDAMENTAL FREQUENCY (FLO)/ Hz/

The |owest of all extracted period to period fundanental

frequency val ues voice break areas are excluded.

FLO = min [Fo" i = 1,2, N,
1
where Fo(i) =— - period fundanental frequency val ues
To(i)
To(i) =i = 1,2,....N - extracted pitch period data.

5. STANDARD DEVI ATI ON OF FUNDAMENTAL FREQUENCY ( STD)/ Hz/

Standard deviation of all extracted period to period
fundanental frequency val ues. Voice break areas. are
excl uded.

'1 T
S “C \/_ " E (Fo - Fo LB )<
i=1
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fundanental frequency val ues

To(i) = 1,2,....N - extracted pitch period data.

N = nunber of extracted pitch period data.
6. Fo - TREMOR FREQUENCY ( FFTR)/ Hz/

The fregency of the nobst intensive |ow frequency Fo
nodul ati ng conponent in the specified Fo - trenor analysis
range. |If the corresponding FTRI values is below the

threshold, the Fftr value is zero.

7. AMPLI TUDE TREMOR FREQUENCY ( FATR)/ Hz/

The frequency of the nost intensive |ow frequency
anpl i tude nodul ati ng conponent in the specified anplitude
trenmor analysis range. If the corresponding ATRIA value is

bel ow the specified threshold, the Fatr value is zero

8. ABSOLUTE JI TTER(JI TA)/ usec/

An evaluation of the period to period variability of the
pitch period within the analyzed voice sanple. Voice break
areas are excluded.

Jita is conputed as:

Jita = ===—- E- | To (1) - To (i+1)

where To(i) =1 = 1,2,....N extracted pitch period data.
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N = PER - nunber of extracted pitch periods.

Absol ute Jitter neasures of the pitch short term (cycle-
to-cycle) irregularity of the pitch periods in the voice
sanple. This neasure is wdely wused in the research
l[iterature on voice perturbation (lwata and Vonl eden 1970).
It is very sensitive to the pitch variations occuring between
consecutive pitch periods. However, pitch extraction errors

may affect absolute jitter significantly.

The pitch of the voice can vary for a nunber of reasons,
cycle-to-cycle irregularity can be associated wth the
inability of the vocal cords to support a periodic vibration
for a defined period. Usually this type of wvariation is

random They are typically associated with hoarse voices.

Both Jita and Jitt represent evaluations of the sanme
type of pitch perturbation. Jita is an absolute neasure and
shows the result in mcro-seconds which nmakes it dependent on
the average fundanental frequency of voice. For this reason,
the normative values on Jita for nen and wonmen differ
significantly. H gher pitch results into lower Jita. That's
why, the Jita value of two subjects with different pitch are

difficult to conpare.

9. JITTER PERCENT (JITT)
Rel ative evaluation of the period-to-period (every short
term) variability of the pitch within the analyzed voice

sanpl e voice break areas are excluded. It is conputed as
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| N-1 : £
JEEE = ez & | To - To ™"
Y e i:.:l
o @
N i=1
where To(i) , i=l,2, = . N - extracted pitch period data.

N = PER - nunber of extracted pitch peri ods.

Jitter percent measures the very short term (cycle-to-
cycle) irregularity of the pitch period of the voice. Jitt
is a relative neasure and the influence of the average
fundanental frequency  of the subject is significantly

r educed.

10. RELATI VE AVERAGE PERTURBATI ON ( RAP) / %

Rel ati ve evaluation of the period-to-period variability
of the pitch within the analyzed voice sanple wth snoothing
factor of 3 periods. Voice breaks areas are excluded. It is

conput ed as:

] N=1 |To FT'¢ tTo
RA = a ———————————————————— = L(xrl
N=-2 i=2
1 N
R a lL[T}
.=
where Tow*"'~ = i=,2,....N - extracted pitch period data.

N = PER - nunber of extracted pitch periods.

Rel ati ve Average perturbation neasures the short tern{cycle-

to-cycle with snmoothing factor of 3 periods) irregularity of
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the pitch period of the voice. The snoothing reduces the
sensitivity of RAP to pitch extraction errors. However, it
is less sensitive to the very short term period-to-period
variations, but describes the short term pitch perturbation

of the voice very well.

The pitch of the voice can vary for a nunber of
reasons, cycle-to-cycle irregularity can be associated wth
the inability of the vocal <cords to support a periodic
vibration with a defined period. Hoarse and/or breathy

voi ces may have an increased RAP.

11. PITCH PERI OD PERTURBATI ON QUOTI ENT ( PPQ)/ %

Rel ati ve evaluation of the period-to-period variability
of the pitch wthin the analyzed voice sanple wth a
snoothing factor of 5 periods. Voice break areas are

excluded. PPQ is conputed as,

wher e To(1) , =0, 2, N - extracted pitch period data,

N = PER - nunber of extracted pitch periods.

PPQ neasures the short term (cycle-to-cycle wth a
snoothing factor of 5 periods) irregularity of the pitch

period of the voice. The snoothing reduces the sensitivity
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of PPQ to pitch-extraction errors while it is less sensitive
to period-to-period variations, it describes the short-term
pitch perturbation of the voice very well. Hoar se and/ or

breathy voices may have an increased PPQ

12. SMOOTHED PI TCH PERI OD PERTURBATI ON QUOTI ENT ( SAPQ) / X/

Rel ati ve eval uation of t he short or | ong term
variability of the pitch period within the analysed voice
sanple at snoothing factor defined by the user. The factory
setup for the snoothing factor defined by the wuser. The
factory setup for the smpothing factor is 55 periods, voice

break areas are excl uded.

where A(i)= 1i=l,2, =~ ..N extracted peak to peak

N = nunber of extracted inpulses anplitude data.

Sf= snpbothing factor SSPQ allows the experinmenter to define
his own pitch perturbation neasure by changing the snoothing
factor from 1 to 99 periods. This is desirable because in
the scientific literature researchers use pitch perturbation
nmeasures wth di fferent snoot hi ng factors or wi t hout

snoot hi ng.

Wth a small snmoothing factor, SSPQ is sensitive nostly

to the short-term pitch variation of the voice inpulses.
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Wth a snoothing factor of 1 (no snoothing), SSPQ is
identical to Jitter variations occuring between consecutive
pitch periods. Usually this type of variation is random It
is typical for hoarse voices. However, pitch extraction

errors may object Jitter percent significantly.

13. CO EFFI Cl ENT OF Fo VARI ATION (VFO)/ %

Rel ati ve standard devi ation of t he f undanent al
frequency. It reflects, in general, the variation of Fo
(short termto long term, wthin the analyzed voice sanple.

Voi ce break areas are excl uded.

Fo(i) = 1 period to period Fo val ues.
To(i)

N = PER - nunber of extracted pitch peri ods.

VFO reveal s the variations in the fundanental frequency.
The VFO value increases regardless of the type of pitch
vari ation. Ei ther random or regular short term or long term

variations increase the value of VFO Because the sustai ned
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phonati on normative thresholds assune that the Fundanental
frequency should not change, any variations in t he
fundanmental frequency are reflected in VFO These changes
could be frequency trenors (i.e., periodic nodulation of the
voi ce) or non periodic changes, very high jitter or sinply

rising or falling pitch over the analysis |ength.

14. SH MVER IN dB (shdb)/db/:

Evaluation is dB of the period-to-period (very short
term) variability of the peak-to-peak anplitude within the

analyzed voice sanple voice break areas are excluded.

1 N-1 | Cie1y . (|
shdB = --- & | 20 log LA‘**l}fA-*"
N-1  i=1 | .

where A(i)= i=l,2, = N - extracted peak to peak

anpl i tude dat a.

N - nunber of extracted inpul ses.

Shimer in dB neasure the very short term cycle-to-cycle
irregularity of peak-peak anplitude of the voice. Thi s
nmeasure is widely used in the research literature on voice
perturbation (lwata & Von Leden 1970). It is very sensitive
to the anplitude variation occuring between consecutive pitch
peri ods. However, pitch'extraction errors may affect shinmmrer

percent significantly.
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The anplitude of the voice can vary for a nunber of
reasons. Cycle-to-cycle irregularity of anplitude can be
associated with the inability of the vocal folds to support a
periodic vibration for a defined period and wwth the presence
of turbulent noise in the voice signal usually this type of
variation in random It is typically associated with hoarse
and breathy voices. APQ is the preferred neasurenent for
shimrer because it is less sensitive to pitch extraction
errors while still providing a reliable indication of short-

term anplitude variability in the voice.'

Both shim and shdB are relative evaluations of the sane
type of anplitude perturbation but they use different

nmeasures for the result percent and dB.

15. SH MVER PERCENT (SH M/ X/

Rel ative evaluation of the period-to-period (very short
term) variation of the peak-to-peak anplitude wthin the

anal yzed voice sanple voice break neans are excl uded.

where A(i), i=l,2, N - extracted peak to peak anplitude

N = nunber of extracted i npul ses.
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Shimrer percent neasure the very short term (cycle-to-cycle)

irregularity of the peak-to-peak anplitude of the voice.

16. AMPLI TUDE PERTURBATI ON QUOTI ENT ( APQ)/ %

Rel ati ve evaluation of the period-to-period variation,
variability of the peak-to-peak anplitude within the anal yzed
voi ce sanple at snmpoothing of 11 periods. Voi ce break areas

are excl uded.

APQ = --- {‘.‘5-. f i E WEERS o g MRS
-4 i=1 | 5y =0
[ i=1
where A(i), i=l,2, = . N extracted peak to peak anplitude.
N = nunber of extracted inpul ses.

APQ neasures that the short term (cycle-to-cycle wth
snoothing factor of 11 periods) irregularity of the peak-to-
peak anplitude of the voice while it is less sensitive to the
period-to-period anplitude variations it still describes the
short term anplitude perturbation of the voice very well
breathy and hoarse voice usually have an increased APQ APQ
should be regarded as the preferred neasurenent for shsinmer

in MDVP.

17. SMOOTHED AMPLI TUDE PERTURBATI ON QUOTI ENT ( SAPQ) / %

Rel ative eval uation of t he short or | ong term

variability of the peak-tp-peak anplitude within the analyzed
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voi ce sanple at snmoothing for the snobothing factor is 55
periods (providing relatively long-term variability the user

can change this value as desired) voice break areas are

excl uded.
i N-sf+1 | 1 sf-1
AP = == —— E ! L) _
N-sf+1 i=1 | sf r=0
: L (i
= C A
N 1=1
where A(i) , 1 =1,2, = . N - extracted peak-to-peak anplitude
dat a.

N = nunber of extracted inpul ses.
sf = snoothing factor

SAPQ allows user to define their own anpl i tude
perturbation neasure by changing the snoothing factor from 1

to 99 peri ods.

18. CO EFFI CI ENT OF AMPLI TUDE VARI ATION (VAM /%

Rel ative standard deviation of peak-to-peak anplitude.
It reflects in general the peak-to-peak anplitude variations
(short term to long term) wthin the analyzed voice sanple,

voi ce break areas are excl uded.

VAM is conputed as ratio of the standard deviation to
the average val ue of the extracted peak-to-peak anplitude

data as:



102

where A(i) , i=l,2, = N - extracted peak to peak anplitude
dat a.

N - nunber of extracted inpul ses.

VAM reveal s the variations in the cycle-to-cycle
anplitude of the voice. The VAM val ue increases regardless
of the type of anplitude variation. Either random or regul ar

short termor long termvariation increase the value of VAM
19. NO SE TO HARMONI C RATI O ( NHR)

Average ratio of the inharnonic spectral energy in the
frequency range 1500-4500 H2 to the harnonic spectral energy
in the frequency range 70-4500 H2. This is general

eval uati on of noise present in the analyzed signal.

20. VO CE TURBULENCE | NDEX (VTI)

Average ratio of the spectral inharnonic high frequency
energy in the range 2800-5800 Hz to the spectral harnonic
energy in the range 70-4500 Hz in areas of the signal where

the influence of the frequency noise.

21. SOFT PHONATI ON | NDEX (SPI)

Average ratio of the |ower-frequency harnmonic energy in
the range 70-1600 Hz to the higher frequency harnonic energy
in the range 1600-450 Hz.
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22. FREQUENCY TREMOR | NTENSITY INDEX (FTRI)/ %
Average ratio of the frequency magnitude of the nost
sensitive lowfrequency magnitude of the analyzed voice

si gnal
23. AMPLI TUDE TREMOR | NTENSI TY | NDEX ( ATRI )/ %

Average ration of the anplitude of the nobst intense |ow
frequency anplitude nodulating conmponent to the total

anplitude of the analyzed voice signal.

The nethod for conputation is same as FTRI except that
here the peak to peak anplitude data has been taken into

consi deration instead of fo data.

24. DEGREE OF VO CE BREAKS (DVB)/ %

Ratio of the total Ilength of the areas representing

voice breaks to the time of the conplete voice sanple.

Where tl, t2 ... tn - length s of the 1st, 2nd... voice
br eak.
Tsanl' | ength of analyzed voice data sanpl es,

DVB does not reflect the pauses before the 1st and after
the last voiced areas of the recording. It measure the

ability of the voice to sustained uninterrupted voicing. The
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normative threshold is "0" because a nornmal voice, during the
task of sustaining voice, should not have any voice break
ar eas. In cases of phonation with pauses (such as running
speech, voice breaks, del ayed start or earlier and of
sustai ned phonation) DVB evaluates only the pauses between

the voi ced areas.
25) DEGREE OF SUBHARMONI C COMPONENTS ( DSH)/ X/

Rel ati ve evaluation of sub-harnonic to Fo conponents in

the voice sanple.

26) DECGREE OF VO CE LESS (Duv)/ X/
Estimated relative evaluation of nonharnonic areas (where

Fo cannot be detected)in the voice sanples.
27) NUMBER OF VO CE BREAKS ( NVB)

Nurmber of trinmes the fundanental period was interrupted
during the voice sanple (nmeasured from the first detected

period to the |ast period).
28) NUMBER OF SUBHARMONI C SEGVENTS ( NSH)

Nunmber of autocorrelation segnents where the pitch was

found to be a sub-harnonic of Fo.
29) NUMBER OF UNVO CED SEGVENTS ( NUV)

Nunber of unvoiced segnents detected during t he

autocorrel ati on anal ysis.
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Bl OGRAPHI CAL | NFORVATI ON :
. NAME : SEX :
ADD SCHOOL/ COLLEGE: -

2. Since how |long have you been a teacher?

3. At what grades/levels do you teach?

4. How many hours per week do you teach?

5. Do you teach continuously w thout intervals? If yes,
descri be.

6. Do you speak nore than you use bl ackboard?

7. Do you do any other work involving speech either before or
after school ?

8. How much tinme do you spend in talking to others?

9. Is there lot of noise at the place of work?

10. Are you suffering fromany nedical illness? Please

descri be.

CURRENT SYMPTOVS

Pl ease indicate if you experience any of

Sy

11.
12.
13.
14.
15.
16.
17.
18.

nptons during or after teaching—_

Dryness of the throat YES/ NO

A feeling that talking is an effort or
Voi ce breaks or cracks during speaking
A constant need to clear the throat

Shortness of breath while speaking

Scratchy sensation in the throat YES/ NO
Disconfort in the throat YES/ NO

the follow ng

Voice tires or changes quality easily while talking

YES/ NO.
har dwor k YES/ NO
YES/ NO
YES/ NO
YES/ NO
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19. Pain in the throat YES/ NO
20. Burning sensation in the throat YES/ NO
21. Voicel essness - mdsentence YES/ NO
22. Voi cel essness - endsentence YES/ NO

CAREER LI NKED SYMPTOMS

23. Since you began teaching has your voice inproved :r
wor sened than before.

24. Have you taken any treatnent for voice problens
surgi cal / medi cal / voi ce therapy.

25. Have you cutdown on nunber of teaching hours became of
the problem
YES/ NO



