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The professional voice user is an individual whose livelihood depends partially or wholly
upon a certain voice quality. If voice is damaged within these professionals, it can be
detrimental to their careers and how they are perceived by those around them. One among
such professional voice user is Thullal folk fore artists. The long and rigorous duration
practices of Thullal art form, poses risk of vocal dysfunction among these elite voice users.
Hence, the present study was undertaken under this context.

Voice-samples were recorded from 13 amateur Thullal artists and acoustic analysis was
carried out using PRAAT software 5.1.37 version .The result of the present study reveals
variations in certain acoustic characteristics of voice. The finding is in agreement with
study done by William (2003) which states that PVUs are at an increased risk of having
voice disorders. The study necessitates the importance to create awareness among such elite
voice performers, of voice disorders and facilities available for voice conservation. It also
gave an overall view about the voice characteristics of Thullal artists, which would lead to
betterment in provision of treatment and counseling strategies.

Copyright©2020 Radhika Mohan, Satish Kumaraswamy and Betsy Babu. This is an open access article distributed under the Creative Commons

Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

“Voice presents an opening window to a person’s personality”.
The human voice is extraordinary. It is not only capable of
conveying complex thought but also subtle emotion. In an
instant it can communicate the terror of a scream or the beauty
of a voice. The importance of human voice in modern society
cannot be overstated. Voice is the primary instrument through
which an individual’s personality is projected and compatriots
are influenced (Sataloff, 2006).

Professional voice users constitute an increasing segment of
the population and their need for expert care has inspired new
interest in understanding the function and dysfunction of the
human voice. Professional voice users are individuals whose
livelihood depends partially or wholly upon a certain voice
quality. They are public speakers and singers, attorneys,
politicians, clergy, educators, telephone receptionists and
others. If voice is damaged within these professionals, it can be
detrimental to their careers and how they are perceived by
those around them. One among such professional voice users
is Thullal folk fore artists.
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According to Vocal Usage Classification System by Koufman
and Isaacson (1991), Thullal artists can be considered under
LEVEL-1: Elite vocal performers. The vocal needs of such
performing artists are great and their extreme anatomic,
physiological and therapeutic demands tax clinical and
research skills. Among the classical performing arts of Kerala,
Thullal is an art-form which is distinct with its simplicity of
presentation and its frank outspoken wit and humor (Bhatt,
2006). Thullal presentations generally last for two hours. The
dancer sings and dances simultaneously and this entails long
periods of rigorous training, agile body and a good
communicative voice (Manorma, 2004). The dancer executes
vigorous footsteps and rhythmic movement of the body along
with singing. The rhythms of the songs are fast-paced and have
a high-tempo (Subodh, 2002). Singing along with vigorous
body-movements poses an additional strain on voice.
Although a vanishing form of art, Thullal is still practiced in
rural parts of Kerala. This classical art form has gained
popularity because of its simplistic performance and
expressive way of presentation.

Human voice is a major component in communication and
voices are used to connect with others through speech and
songs. Each human voice is unique like a fingerprint and voice
use is culture specific-a feature that is best observed in the
singing voices of different kinds of music in the world. Since
there are voice problems that are unique to Indian climate and
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culture there is a need for new surveys to explore the science
of voice in the Indian context. The focus of the present study
was mainly based on ottanthullal artists, since this population
has not received considerable attention on voice related
research previously.

Review of Literature

Voice reflects the health of human mind and body. Voice is a
potent, effective and artistic tool for communication. The voice
can convey not only sophisticated scholarly concepts, but also
fine emotional nuances. The major focus of research in the
recent years has primarily been focused on professional voice
users, as they constitute a demanding part of the population in
voice health care. Stemple, Glaze and Gerdeman (1995) define
professional voice users as the group of individuals who, by
the very nature of their occupation, are directly dependent on
vocal communication for their livelihood. Their voice
problems can be labeled occupational voice disorders since the
symptoms they suffer from are likely to be caused by the type
of work.

Classification of Professional Voice Users

Koufman and Isaacson (1991) suggested a ‘vocal usage’
classification system which encompasses a wide range of vocal
use and is specific and well-defined system comprising of four
levels-

Level I: The elite vocal performer — including professional
singers and actors, for whom even slight vocal difficulty may
cause serious consequences.

Level II: The professional voice user — including clergy,
public speakers, lecturers, telephone operators, for whom
moderate vocal difficulty would prevent adequate job
performance.

Level III: The non-vocal professional — comprising doctors,
lawyers, business persons, sales persons, etc. who cannot
perform their work properly if suffering from severe
dysphonia.

Level IV: Includes factory workers, laborers, clerks, who
would not be prevented from doing their work if suffering
from vocal difficulties.

A recent study by Cheng and Woo (2010) utilized another
method of classification in the form of a rating scale from 0
(low use) to 5 (elite use). Primary pivotal role has been varied
in PVUs in different groups, ranging from teachers to singers,
but little attention has been paid to such folkfore arts that
incorporate a singing style different from that of common
classical and carnatic singing styles. Reviewing some studies
on professional voice-users:

Western Studies

Russell, Oates and Greenwood (1998) investigated the
prevalence of self-reported voice problems in teachers using a
mail survey of a simple random sample of 1168 state school
teachers (preschool-Grade 12) in South Australia,wherein
teachers were asked to report voice problems for the day of the
survey, during the current teaching year, and during their
careers. The response rate was 75%, with 16% of teachers
reporting voice problems on the day of the survey, 20%
reporting problems during the current teaching year, and 19%
reporting problems at some time during their career. Females

were twice found to be as likely as males to report voice
problems. These findings clearly indicated the need for further
investigation of the causes of vocal dysfunction in teachers and
for the development of educational programs aimed at
preventing voice problems in this group of professional voice
users.

Rantala , Vilkman and Bloigu (2002) studied voice changes
during a working day in 33 female primary and secondary
schoolteachers . Recording was made on first and last lessons
during one school day. Estimation of fundamental frequency
(F¢), sound pressure level (SPL), the standard deviations of
these values (Fy SD; SPL SD) and F, time (vibration time of
vocal folds) were made. The most obvious change noted, due
to loading was the rise of F, that was 9.7 Hz between the first
and last lesson (P = 0.00). F, increased more (12.8. Hz, P =
0.006) in the subgroup with few complaints.

Zeine and Waltar (2002) investigated interest and knowledge
levels of vocal function and dysfunction among professional
voice users. Professional actors and amateur actors indicated
the highest levels of interest in gaining further knowledge
regarding the role of the speech-language pathologist (SLP)
and the voice and vocal hygiene. Professional actors and
amateur actors also reported higher perceived knowledge
levels than the other groups in these areas. Professional actors
answered more knowledge-based questions correctly than
amateur actors, acting students, and controls in the areas
regarding the role of the SLP and voice and vocal hygiene.

Franco and Andrus (2009) reported common problems seen in
professional voice users which included laryngopharyngeal
reflux, muscle tension dysphonia, fibrovascular vocal fold
lesions (eg, nodules and polyps), cysts, vocal fold scarring,
changes in vocal fold mobility, and age-related changes.
Microvascular lesions and their associated sequelae of vocal
fold hemorrhage and laryngitis due to voice overuse were also
reported. Much more common among professional voice users
was the negative impact that voice problems had on their
ability to work, on their overall sense of well-being, and
sometimes on their very sense of self.The article also reviewed
the diagnosis and treatment options for these and other
problems among professional voice users, describing the
relevant roles of medical treatment, voice therapy, and surgery.
Emphasis was placed on gaining insight into the “whole”
patient so that individualized management plans could be
developed.

Van Lierde, Dijckmans, Scheffel and Behlautt (2012)
determined the presence, frequency, and intensity of pain
during speaking in professional voice users and nonvocal
professionals and evaluated whether the presence of pain is
significantly related with the profile of the professional voice
user. To characterize the presence, type, and degree of pain
symptoms during speaking, a questionnaire was used. Pain
severity was measured by means of a numerical rating scale.
Fifty-five percent of the nonvocal professionals and 84% of
the professional voice users mentioned the presence of one or
more pain symptoms during speaking. Throat pain was
mentioned as the most common pain in both the professional
and nonvocal professional voice users. The professional voice
users showed significantly more throat, neck, shoulder,
headache, ear, and back pain. Moreover, the intensity of throat
pain was found to be significantly increased in the professional
voice users. This study showed evidence that several types of
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pain are present with significantly greater frequency in
professional voice users and concluded that vocal screening
strategies, diagnostic, and treatment protocols should include
the assessment of the type and severity of pain.

Singers as Professional voice users

Professional singers are a highly visible and specialized subset
of individuals within the population of professional voice-
users and present an unusual challenge for speech-language
pathologists. Lundy, Roy, Casiano, Xue and Evans (2000),
based on comparative study, on acoustic analysis of singing
and speaking voice in singing students, concluded that
shimmer and noise harmonic ratio were higher in spoken
samples.

Tang, Boliek, Rieger (2008) examined the physiology of pitch
change in terms of laryngeal and respiratory mechanisms in
professional singers. Nine female professional singers
participated in the study. The preliminary data obtained from
this study indicated that the pattern of vocal fold lengthening
exhibited by singers might be related to the number of years of
training possessed. Furthermore, the data also indicated that
stability in one subsystem may result in variability in another,
as shown by the interaction between the vocal fold and
respiratory patterns. Gonslaves, Amin and Behlau (2010)
analyzed voice of rock singers and concluded that rock style is
related to greater use of vocal strain.

Prakub (2011) investigated differences in the acoustic
measures of fundamental frequency (Fo), jitter, intensity, and
shimmer of older amateur singers and nonsingers and whether
there were significant correlations between these acoustic
measurements and listener judgments of speaker age. Study
participants included 30 male and female singers and 30 male
and female nonsingers between the ages of 65 and 80 years.
Also, 10 speech-language pathology graduate students were
recruited as listener participants to estimate the age of speaker
participants  from recorded vowel sounds. Acoustic
measurements were made on sustained vowel production tasks.
The author concluded that acoustic and auditory-perceptual
features of the aging voice appeared to be factors associated
with participation in amateur singing.

Watson, Williams and James (2011) investigated and
compared roles of the accessory respiratory muscles in
classically trained singers and found that lattissmus dorsi
played a significant role in maintaining chest expansion in
classically trained singers.

Indian Studies
Professional Voice users

Since late 1900’s voice analysis of heavy occupational voice
users has been on increase in Indian context. Unnikrishnan
(1999) acoustically analyzed voice of primary school teachers
and college teachers and concluded that primary school
teachers were more subjected to abusive voice.

Regishia, Yeshodha (2004) compared and correlated acostic
and aerodynamic parameters of voice across singers and non-
singers during different phases of menustral cycle. Participants
included 10 female Carnatic singers and 10 non-singers in the
age-range of 20-27 years. Results obtained revealed no
difference in acoustic parameters in singers for the two phases
of menustral cycle and decreased vital capacity measures
across singers and non-singers. Behra and Savitri (2005)

compared the acoustic and perspective characteristics of voice
of 10 professional and 10 prospective teachers and concluded
that more abnormalities were seen in professional users, which
was attributed to the use of voice over a longer period of time.

Johnsirani and Yeshoda (2007) determined speaker’s formant
using acoustic analysis in two PVUs-Theatre artists and AIR
announcers, compared acoustic and perceptual characteristics
and determined perceptual correlates of “good speech” as
indicators of expressiveness. Chandran (2009) compared
acoustical features in voice of speech-language pathologists in
two different situations (routine conversation and speech-
language therapy) and found significant differences in mean
pitch and F1 in the voice of SLPs during routine conversation
and during speech-therapy. Stephen (2009) examined selected
acoustic parameters of voice among theologians and compared
these to VHI scores. A negative correlation was obtained
between VHI scores when compared with Jitter, Shimmer and
HNR.

Shah and Sanghi (2010) compared the voice characteristics
and Reflux Symptom Index values of individuals working in
call-centers and those working as non-professionals and results
revealed significant differences in acoustic parameters and RSI
values. Raj (2011) compared the acoustic characteristics of
radio jockeys before and after broadcast session and results
indicated variations in certain acoustic characteristics of voice.

Singers as Professional voice users

The artistic demands of performance separates singers from
other voice professionals. In Ottan Thullal, the performer sings
and dances to the accompanying music rendered by cymbals
and drum. This contributes to vocal loading due to additional
strain on muscles when used for an extended period of time.

Reviewing some studies on singers

Sheela, Menon (1974) compared vocal parameters of
optimum frequency , Fo of vowel /a/ , phonation time and
pitch range in 30 trained and untrained singers with age range
of 19 to 57 years. It was concluded from the study that
trained singers use optimum frequency while speaking and
possess greater pitch range when compared to untrained
singers. Gupta (1984) investigated off-pitch phenomenon in
singers. Participants included nine trained singers with ten
years training in Karnatic music. Results revealed that of most
of the singers go off-pitch at the highest and lowest note above
and below the octave range. Magnitude of off-pitch
phenomenon was noted more at the lowest note.

Sujatha (1989) differentiated the voice of trained singers from
that of untrained singers using acoustic and aerodynamic
analysis. Participants in the study included 10 trained and 10
untrained singers in the age range of 19-24 years. The results
revealed significant differences with respect to Fo in reading
and octave singing. Trained singers were found to exhibit
larger Fo between transitions and were found to use lesser
number of pauses in between the swaras. Devie, Yeshodha
(2003) investigated formant characteristics in Carnatic and
Hindustani styles of singing. Participants included 20 singers
in each group in the age-range of 21-55 years. Parameters used
in the study were formant structure, Fs, bandwidth and
intensity of Fs. Difference indicated difference in bandwith of
Fs which was wider in Hidustani style when compared to
Carnatic style. Gosh and Yeshodha (2007) investigated
temporal and spectral characteristics of speech sounds in
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spoken and sung utterances of female trained/untrained singers
and nonsingers and concluded that continuous formal/informal
vocal training influenced general speech characteristics of
singers group. Supraja, Savithri (2007) on basis of survey
conducted, revealed that most exercises to improve breath
support, vibrato and physical exercises were performed more
by Hindustani singers when compared to Carnatic singers.
Selvi and Savithri (2008) analyzed glottal parameters and its
variation across genders and emotions in carnatic singers and
results revealed significant differences across singers ,on
comparison with gender and emotions.

Devadas, Rajashekhar and Aithal (2009), on the basis of a
comparative study between Yakshagana singers and age-
matched  non-singers, revealed significantly  higher
fundamental frequency, speaking fundamental frequency and
reduced MPD in Yakshagana singers, as compared to the non-
singing counterparts. Sweety & Yeshodha (2009) investigated
glottal behavior in different vocal registers in singers using
some EEG parameters. Participants included 20 female
Carnatic professional singers and 20 non-singers. Results
revealed differences in Fo and variations in open quotient,
speed quotient and closed quotient across registers.

Ranjini and Savithri (2010) compared voice-quality of trained
carnatic singers and beginning carnatic singers and found
significant differences between the two groups for MPD,
habitual frequency and base-note, range of frequencies in
phonation, number of vibrato and skweness and kurtosis in
singing and speech.

Thullal Art-Form

Thullal is performed with songs and the performer, with his or
her dancing pose and gestures expressing the meaning of the
verses. The songs are composed keeping in mind the basics of
the principles of the treatise, Natyashastra. The origin of
Thullal is attributed to Kunjan Nambiar, a veritable genius and
one of the foremost poets of Kerala. The songs are written in
simple Malayalam language and provide a direct appeal to
every day life. This aspect made Thullal very popular. The
word “Thullal' connotes jumping and it is said that in
Malayalam, it is a genre of poem. Thullal is classified in three
different categories according to the rhythm and metre of the
songs. They are Seethankan Thullal, Ottan Thullal, and
Parayan Thullal. The costumes and dances of Thullal vary
from one kind to another. The songs sung in the Thullal follow
the tala and raga along with the use of Chaste Carnatic ragas.

Ottan Thullal has gained most popularity among the three
forms of Thullals. This dance form is fastest among the three
Thullal dances with a high tempo. In this form, the face of the
dancer is painted in the green style Kathakali make-up. Bold
red, white and bland are used. A white and red coloured cloth
is worn by the performer; extensive use of ornaments made of
wood, beads is prevalent in this dance form. A many- headed
serpent crown with black cloth is worn by the dancer.
Ottamthullal, over the centuries, has a (mostly) single actor,
acting and dancing himself. The art form has of late found
practitioners from among women too, and is occasionally
staged as a group dance form with each artiste representing a
character in the storyplay.The art form still retains its satirical
touch, and lends the artiste the freedom to improvise, more so
on humour. Its incidental satire makes this art form more
popular among the common man.

Need for the study

Human voice is a major component in communication and
voices are used to connect with others through speech and
songs. Each human voice is unique like a fingerprint and voice
use is culture specific-a feature that is best observed in the
singing voices of different kinds of music in the world. Since
there are voice problems that are unique to Indian climate and
culture there is a need for new surveys to explore the science
of voice in the Indian context. The focus of the present study
was mainly based on ottanthullal artists, since this population
has not received considerable attention on voice related
research previously.

Aim of the study

The aim of the present study is to hypothesize significant
differences in the acoustic characteristics of Thullal artists
before and after performance sessions.

METHODOLOGY

The study aimed to hypothesize significant differences in the
acoustic characteristics of voice of Thullal artists before and
after performance sessions.

Subjects

The study group consisted of 13 amateur Thullal artists, 10
females and 3 males, with a mean age of 15 and 17 years
respectively. The participants were artists from Kerala
Kalamandalam, Deemed University for Arts and Culture,
Thrissur.

Participants who were into the field for a minimum of 2 years
was included in the study. Subjects who had a history of
apparent speech, hearing, respiratory problems, asthma, and
other ENT/voice problems were excluded from the study.

Instrument Used

Recording was done wusing a Smartinfocomm SHO3
microphone. Sampling rate of 44100Hz was used.

PRAAT software 5.1.37 version was used to extract voice
related parameters.

Test Procedure

Subjects were seated comfortably in a quiet surrounding.
Voice-samples were recorded before performance and after 2
hours of performance. Prior to recording, subjects were
instructed to take a deep breath and phonate vowels, /a/, /i/ and
/u/, at a comfortable pitch and loudness level. Three trials were
taken for each vowel, and phonatory sample of longest
duration was taken for acoustic analysis.

PRAAT software 5.1.37 version was used to record voice
related  parameters. = Maximum  phonation  duration,
Fundamental frequency (F0), F1, F2, F3, F4, Jitter(%),
Shimmer(dB), Harmonics to noise ratio(dB) was determined
and compared between pre- performance and post performance
for statistical difference.

Data Analysis

Paired ‘t’ test was used to compare the selected parameters of
voice among Thullal artists (before and after performance).For
comparison among male subjects, Wilcoxon Signed Ranks
Test was used. The results are discussed in the next session.
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Table 1 Shows values of acoustic parameters (FO-Fundamental Frequency, HNR-Harmonics to Noise Ratio, F1-first formant, F2-second formant, F3-third
formant, F4- fourth formant) and MPD- Maximum Phonation Duration for Vowel /a/ for Pre- performance and Post- after performance in female

Thullal artists

Sub Age Fo Jitter% Shimmer % HNR F1 F2 F3 F4 MPD
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 13yr 237 230 0.256 0.259 0.135 0.219 21.09 2348 752 720 1736 1625 2501 2596 3724 3046 15 10
2 13yr 252 268 0.405 0.461 0.269 0.698 17.42 19.05 797 713 1554 1687 3026 3179 3385 3476 20 15
3 14yr 211 205 0.586 0.786 0.386 0.582 19.49 21.14 721 520 1418 1354 2975 2618 3402 3268 15 10
4 14yr 209 243 0.583 0.682 0.043 0.297 13.11 20.69 893 790 1666 1569 2950 2850 3298 3256 15 10
5 I5yr 261 275 0.566 0.695 0.912 0.935 14.68 19.82 686 784 1497 1555 2718 2639 3150 3220 15 10
6 15yr 235 252 0455 0468 0.384 0.401 22.13 2525 552 677 1684 1551 3217 3019 3386 3205 20 15
7 16yr 200 229 0.393 0.572 0.516 0.613 22.46 25.07 526 790 1561 1399 3027 3186 3368 3294 15 10
8 16yr 227 239 0.681 0.891 0.314 0.718 18.27 19.31 620 677 1622 1664 3025 3099 3470 3488 15 10
9 17yr 234 246 0.457 0.587 0.252 0.348 15.39 18.63 720 628 1782 1725 3301 3171 3468 3560 20 15
10 17yr 241 267 0.664 0911 0.526 0.661 19.80 25.74 757 486 1636 1619 3171 2983 3671 3446 15 10
Mean 231 246 0.505 0.631 0.374 0.547 1838 21.82 702 679 1615 1575 2991 2994 3912 3914 16.5 11.5
SD 19.28 21.25 0.134 0.204 0.242 0.224 320 2.79 111.62 107.34 110.39 119.48 235.45 241.49 1230.6 160.4 2.41 241
P value 0.007 (HS) 0.002 (HS) 0.002(HS) 0.002(HS) 0.653(NS) 0.205(NS) 0.320(NS) 0.326(NS)  0.002(HS)

Table 2: Shows values of acoustic parameters (FO-Fundamental Frequency, HNR-Harmonics to Noise Ratio, F1-first formant, F2-
second formant, F3-third formant, F4- forth formant) and MPD- Maximum Phonation Duration for Vowel /i/ for Pre- performance and
Post- after performance of female Thullal artists

Sub  Age Fo Jitter% Shi % HNR F1 F2 F3 F4 MPD
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre  Post
1 13 yr 252 237 227 732 251 456 16.46 21.04 468 325 2140 2418 3147 3415 4161 4222 15 10
2 13 yr 223 175 634 745 372 1.128  17.41 18.17 418 377 2118 1862 3327 3202 4400 4128 20 15
3 14 yr 229 228 411 .587 147 352 12.18  20.54 409 412 2159 2428 3279 3361 4109 4386 15 10
4 14 yr 245 248 457 .651 595 693 16.11 18.76 436 408 2395 2755 3267 3335 4433 4596 20 15
5 15 yr 260 275 705 982 188 578 13.75 1826 424 402 2697 2740 3099 3230 4380 4436 15 10
6 15 yr 232 253 579 779 473 .654 19.89  20.32 304 336 2083 1898 3347 3213 4206 3917 15 10
7 16 yr 212 239 561 .637 488 508 1635 17.49 411 412 2800 2805 3206 3363 4690 4645 15 10
8 16 yr 234 239 898 997 229 419 18.54  19.53 379 413 1302 1364 2898 2860 3543 3593 15 10
9 17 yr 233 243 892 .802 611 718 1223 16.27 430 388 2578 2193 3173 3098 4365 4282 20 15
10 17yr 231 256 496 597 568 154 18.13  20.01 374 367 1710 1644 3087 3051 3919 362 15 10
Mean 235 240  0.568 0.745  0.392 0.626  16.11 19.03 405 384 2198 2211 3183 3213 4221 4224 16.5 11.5
SD 13.88 0.209 0.137 0.178 0222 2.631 1.50 44.63 3244 4545 503.16 134.62 171.63 317.90 1267.55 241 241
P value 0.554 NS 0.009 HS 0.006 HS 0.004 HS 0.214 NS 0.875 NS 0.499 NS 0.337NS 0.002 HS

Table 3 Shows values of acoustic parameters (FO-Fundamental Frequency, HNR-Harmonics to Noise Ratio, F1-first formant, F2-second
formant, F3-third formant, F4- fourth formant) and MPD- Maximum Phonation Duration for Vowel /u/ for Pre- performance and Post-
after performance of female Thullal artists

Sub  Age Fo Jitter % Shimmer% HNR F1 F2 F3 F4 MPD
Pre Post Pre  Post Pre Post Pre  Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 13yr 250 241  0.226 0.425 0.288  0.668 24.51 28.54 575 435 1354 1155 2693 3110 3024 4279 15 10
2 13yr 222 206 0.373 0.383 0.312 0551 23.48 2524 436 394 1152 1319 3021 2991 4192 4224 20 10
3 14yr 222 193 0.597 0.692 0.488 0.781 12.52 17.03 446 428 1215 1226 3028 3124 4093 4519 20 15
4 1l4yr 246 248 0465 0.791 0.555 0.643 18.46 19.59 469 465 1229 1033 2835 2816 4220 4088 15 10
5 15yr 271 225 0.566 0.703 0.512  0.739 19.27 2226 434 427 1015 1235 2798 3111 4382 4546 15 10
6 15yr 232 253 0.422 0.468 0451 0472 2277 2540 397 480 1354 1245 2920 2894 4144 3993 20 15
7 l6yr 211 239 0.392 0.409 0.529 0.612 19.75 2430 404 470 1053 1076 2891 2708 4211 3819 20 10
8 1l6yr 232 240 0.351 0.428 0.265 0374 2193 2272 446 470 1291 1379 2667 2846 3933 4358 20 15
9 17yr 233 245 0416 0.435 0.168 0365 20.26 26.23 460 475 1345 1435 2759 2849 3988 4943 15 10
10 17yr 203 249  0.404 0.805 0.472 0.586 21.46 24.33 397 396 1318 1277 2514 2477 3749 36889 20 15
Mean 232 234 0421 0.554 0404 0579 20.44 23.56 447.28 44435 1233 1238 2813 2817 4064 4068 18 12
SD 19.99 19.83 0.106 0.172 0.134  0.141 3.383 3.334 51.78 3232 12441 125.64 161.71 204.02 213.07 368.14 2.58 258
P value 0.001 HS 0.013 HS 0.001 HS 0.000 HS 0.883 NS 0.906 NS 0.195 NS 0.138 NS 0.003 HS

Table 4 Shows values of acoustic parameters (FO-Fundamental Frequency, HNR-Harmonics to Noise Ratio, F1-first formant, F2-second formant, F3-third
formant, F4- fourth formant) and MPD- Maximum Phonation Duration for Vowel /a/ for Pre- performance and Post- after performance in Male Thullal

artists
Sub  Age F0 Jitter% Shimmer% HNR F1 F2 F3 F4 MPD

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre  Post

1 17yr 117.06 137.02 0.552 0.802 0.293 0.298 16.278 19.404 440.77 440.75 13274 13283 2610.8 2613.0 39299 3928.1 25 20

2 17yr 100.65 105.80 0.637 0.714 0.295 0.299 16.524 17.755 47433 47531 1246.3 12472 262495 2623.0 3699.6 36955 20 15

3 17yr 12145 13395 0.784 1.657 0.403 0.637 16.491 15.084 483.89 483.88 1512.5 1514.9 2938.37 2939.0 3685.5 3686.3 25 20
Mean 113 125  0.658 1.08 0330 0411 1643 1741 468 469 1362 1364 2724 2726 3771 3774 2333 18.53
SD 10.96 17.20 0.117 0.503 0.603 0.195 0.134 2.18 18.15 5738 136.47 130.82 185.16 2267 137.22 21599 2.88 2.88

P value 0.109 NS 0.109 NS 0.109 NS 0.593 NS 0.28 NS 0.109 NS 0.109 NS 1.00 NS 0.083 NS

Table 5 Shows values of acoustic parameters (FO-Fundamental Frequency, HNR-Harmonics to Noise Ratio, F1-first formant, F2-second formant, F3-third
formant, F4- fourth formant) and MPD- Maximum Phonation Duration for Vowel /i/ for Pre- performance and Post- after performance of male Thullal

artists

Subject Age Fo Jitter% Shimmer% HNR F1 F2 F3 F4 MPD
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 17yr 116 134 0.284  0.637  0.163 0.321 21.28  27.54 375 377 2355 2356 2833 2834 3921 3923 25 20
2 17yr 100 105 0318 0398  0.212 0.414 19.41 2212 393 395 1690 1694 2482 2483 3752 3754 20 20
3 17yr 127 129 0211 0343  0.564 0.717 1522 16.51 352 355 2150 2152 2823 2825 4318 4319 25 20
Mean 114 123 0271 0459 0313 0.484 18.64  22.06 373 374 2065 2067 2713 2715 3997 3999 2333 20.0
SD 13.62  15.18 0.065 0.156  0.219 0.207 3.10 5.518 2057 1579 340.57 498.89 199.81 196.06 290.69 290.08 2,88 0.00
P Value 0.109 NS 0.109 NS 0.109 NS 0.109 NS 0.285 NS 0.109 NS 1.00 NS 1.00 NS 0.157 NS
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Table 6 Shows values of acoustic parameters (FO-Fundamental Frequency, HNR-Harmonics to Noise Ratio, F1-first formant, F2-
second formant, F3-third formant, F4- forth formant) and MPD- Maximum Phonation Duration for Vowel /u/ for Pre- performance and
Post- after performance of Male Thullal artists

P A Fo Jitter% Shimmer % HNR F1 F2 F3 F4 MPD
8¢ Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1. 17yr 114 135 0428 0462 0281 0294 1874 2426 389 390 1158 1159 2604 2607 3867 3879 25 25

2. 17yr 100 104 0309 0435 0.712  0.733 20.61 21.55
3. 17yr 129 134 0948 0.967 0.738  0.847 10.81 18.55
Mean 114 121 0562 0.621 0.577  0.625 1672 21.45
SD 1438 17.32 0340 0.300 0.257 0292 520 285

P Value 0.109 NS 0.109 NS 0.109 NS 0.109 NS

312 313 1209 1212 2622 2625 3664 3667 25 20
366 369 1490 1493 2749 2752 3898 3899 20 20
356.10 3579 1286 1288 2658 2660 3810 3815 2333 21.66
39.87  9.342  178.82
0.109 NS 0.109 NS 0.109 NS 0.109 NS 0.317 NS

245.07 7879 47.62 126.81 103.98 2.88  2.88

RESULTS AND DISCUSSIONS

The study aimed to hypothesize significant differences in the
acoustic characteristics of Thullal artists before and after
performance sessions and results are discussed below-

Results indicated significant differences of (p<0.05) among
female artists for sustained phonation of /a/ (MPD, p=0.002),
/il (MPD, p=0.002), /u/ (MPD, p=0.003) and acoustic
parameters, fundamental frequency (F0) (/a/, p=0.007,
/i/,p=0.006, /u/, p=0.003), jitter (%) (/a/, p=0.002, /i/, p=0.009,
/u/,p=0.001) , shimmer(dB) (/a/, p=0.002, /i/, p=0.006,/ u/,
p=0.001) and harmonic to noise ratio(dB) (/a/, p=0.002, /i/,
p=0.000, /u/, p=0.004) before and after performance sessions.
No significant differences were noted for formant frequencies
F1, F2, F3, and F4.Differences were also noted in male artists
for MPD and acoustic parameters, although not statistically
significant, which may be attributed to the small sample size.

The results for acoustic parameters (F0, Jitter, Shimmer, and
HNR) and maximum phonation duration in male and female
Thullal artists for pre and post performance with Mean,
Standard Deviation and p- values are shown below.

Differences were noted in male artists for MPD and acoustic
parameters, although not statistically significant, which may be
attributed to the smaller sample size. There were no notable
differences for formant frequencies before and after-
performance.
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Fig 1 shows the mean values of Fo before and after performance of female
artists.

The mean Fo for vowels, /a/ , /i/ and /u/ before performance
were 231Hz , 235 Hz and 232Hz respectively and after
performance 245Hz , 239Hz and 234Hz.High-significant
values were obtained for vowel /a/ as compared to that of /i/
and /u/.
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Fig 2 shows the mean values of Jitter % before and after performance of
female artists.

The mean Jitter for vowels, /a/ , /i/ and /u/ before performance
were 0.5046% , 0.586% and 0.4212% respectively and after
performance 0.6312% , 0.7454% and 0.5539%.High-
significant values were obtained for vowel /i/ as compared to
/a/ and /u/.
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Fig 3 shows the mean values of Shimmer dB before and after performance of
female artists.

The mean Shimmer (dB) for vowels , /a/ , /i/ and /u/ before
performance were 0.374 ,0.392 0.404 respectively and after
performance 0.547 , 0.626 and 0.579.High-significant values
were obtained for vowel /i/ as compared to /a/ and /u/.
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Fig 4 shows the mean values of HNR dB  before and after performance of
female artists

The mean HNR (dB) for vowels, /a/ , /i/ and /u/ before
performance were 18.38 ,16.11 and 20.44 respectively and
after performance 21.82, 19.03 and 23.56.High-significant
values were obtained for vowel /u/ as compared to /a/ and /i/.
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Fig 5 shows the mean values of MPD  before and after performance of
female artists.

The mean MPD (sec) for vowels, /a/, /i/ and /u/ before
performance were 16.5 ,16.5 and 18 respectively and after

performance 11.5 , 11.5 and 12.High-significant values were
obtained for vowel /u/ as compared to /a/ and /i/.

800
700 A
600 A
500

400 A
1 F1 Before
1 F1 After
a i u

300
F1

Mean value

200
100
0

Fig 6 shows the mean values of F1 before and after performance of female
artists.

The mean formant (F1) for vowels, /a/ , /i/ and /u/ before
performance were 702.8Hz ,405.7Hz and 447.2 Hz
respectively and after performance 679.1Hz, 384.4Hz and
444.3Hz. On comparison no significant score was seen before
and after performance.
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Fig 7 shows the mean values of F2 before and after performance of female
artists.

The mean formant (F2) for vowels, /a/, /i/ and /u/ before
performance were 1615.9Hz, 2198.6Hz, 1233.19 Hz
respectively and after performance 1575.3Hz, 2211.1Hz and
1238.6 Hz. On comparison, no significant score was seen
before and after performance.
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Fig 8 shows the mean values of F3 before and after performance of female
artists.

The mean formant (F3) for vowels , /a/ , /i/ and /u/ before
performance were 2991.6Hz , 3183.7Hz , 2813.0Hz
respectively and after performance 2994.4Hz , 3213.2Hz and
2817.0 Hz.On comparison , no significant score was seen
before and after performance.
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Fig 9 shows the mean values of F4 before and after performance of female
artists.
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The mean F3 of vowels, /a/ , /i/ and /u/ before performance
were 3912.31Hz, 4221.20Hz , 4064.08Hz respectively and
after performance 3914.31Hz , 4224.207Hz and 4068.169Hz.
On comparison, no significant score was seen before and after
performance.

DISCUSSION

The results of the above study reveals that Thullal artists are
confronted by strong performance related stressors. Prolonged
and continuous performances for long duration leads to
hampering of the vocal-quality. Josephine and Jennifer (1994)
reported that voice-projection and pitch-range were most
affected when vocally fatigued, among actors and singers, due
to high performance demands and high pitch volume levels.
The results of the present study reveal variations in certain
acoustic characteristics of voice. The finding is in agreement
with the study done by William (2003) which states that PVUs
are at an increased risk of having voice disorders.

SUMMARY AND CONCLUSION

The present study aimed at hypothesizing that there will be
significant differences in the acoustic characteristics of voice
of Thullal artists before and after performance.13 Thullal
artists, 10 females and 3 males with a mean age of 15 and 17
years respectively, participated in the study. The participants
had a minimum of 2 years experience in the field.

PRAAT software 5.1.37 version was used to record voice
related parameters. Task given was sustained phonation of
vowels /a/, /i/ and /u/. Maximum phonation duration,
Fundamental  frequency (F0), F1, F2, F3, F4,
Jitter(%),Shimmer(dB),Harmonics to noise ratio(dB) was
determined and compared between pre- performance and post
performance for statistical difference.

Significant differences were noted in acoustic characteristics
of FO , Jitter(%), Shimmer(dB), Harmonics to noise ratio(dB)
in female Thullal artists. Maximum phonation duration was
found to be decreased after performance. No significant
differences were noted in the formant frequencies. In male
Thullal artists differences were noted in the acoustic
characteristics the results were not statistically significant,
which may be attributed to the smaller sample size. Here too,
differences were not noted in the formant frequencies.

Adequate care and preservation of voice quality is necessary
among Thullal artists. Most Thullal artists leave this practiced
form of art, as vocal dysfunction and voice-disorders hamper
the voice quality. It is necessary to create awareness among
such elite voice performers about voice disorders and facilities
available for voice conservation. The above study gives an
overall view about the voice characteristics of Thullal artists,
which may lead to betterment in provision of treatment and
counseling strategies.

Limitation of the study

1. A large sample size would have yielded more reliable
result
2. Only vowels were included in the study

Future direction

1. Study can be replicated on older Thullal artists
2. Also study can be conducted incorporating more number
of parameters
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