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CHAPTER I 

INTRODUCTION 

Humans have fine control over their vocal folds and can produce variations in 

their perceptual voice by altering the length, shape, and tension of the vocal folds. 

Humans depend on their voice as a source of income for their livelihood and they are 

referred to as professional voice users. Voice professionals are the class of working 

individuals whose remuneration is greatly dependent on their voices. They include 

teachers, singers, actors, salespersons, politicians, customer care service providers and 

lawyers (Rubin et al., 2006). 

1.1 Professional voice users 

According to Koufman & Isaacson (1991), voice users can be classified into 

four levels, elite vocal performers, professional voice users, non-vocal professionals, 

and non-vocal non-professional users. Level I: Elite vocal performers include 

individuals whose livelihood and source of income are profoundly dependent upon 

their voice. Singers are categorized under elite vocal performers, for whom even 

minor changes in their quality of voice can have detrimental effects in their careers. 

Level II: Professional voice users are the class of individuals whose job performance 

will be affected by even a moderate level of vocal difficulty. Teachers, lecturers, and 

clergy are examples of professional voice users. Level III: Non-vocal professionals 

include individuals whose job performance would be impacted if they have a severe 

voice problem. Lawyers, physicians, businesspeople, and other non-vocal 

professionals are included in this category. Level IV: This category includes non-

vocal non-professionals for whom optimum voice quality is not a prerequisite for their 

job performance. Clerks, laborers, factory workers and dancers fall under this 
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category of professional voice users. Vocal demands, techniques, style of voice use 

and amount of voice use differ among the varied group of professional voice users.  

Elite vocal performers, especially singers, have heightened expectations from 

their vocal system to produce an aesthetically pleasing voice. They are often criticized 

even for minute changes in their voice. Therefore, they undergo extensive practice 

sessions to refine their voice and often experience stress during concerts.  This nature 

of voice usage often paves the path for the risk of injury to the vocal mechanism 

(Phyland et al., 1999). There are varied singing styles that require their unique 

approach to produce tunes and rhythm. Various singing styles have developed across 

the globe, varying from one another in terms of vocal scale, quality of tone, and 

energy. For example, Western music differs from Indian music on the basis that the 

former is harmonic while the latter is melodic in nature.  

1.2 Carnatic music 

India is known for its incredible diversity in culture. In India, music has been 

an integral part of socio-religious life. Classical music, Punjabi music, Indian folk 

music, Indian pop music are the few singing styles prevalent in India. Cultures and 

religions influence music; however, Indian classical music remains to be a part of the 

oldest musical traditions. Classical music includes Hindustani and Carnatic music, 

and is often associated with northern and southern India, respectively. Classical music 

has originated from the Vedic age (Sama Veda), and can be traced back to the early or 

middle eighteenth century when this art form of singing was called 'Sangeeth' 

(Chandrasekaran et al., 2005; Chakraborty et al., 2014). 

Carnatic singing is one of the two subclasses of Indian classical music sung by 

artists from the Southern states of India, namely Karnataka, Kerala, Tamil Nadu, 
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Andhra Pradesh and Telangana and also, Sri Lanka. This form of music is learned 

from teachers (called gurus) who have mastered the nuances of Carnatic singing. The 

fundamental of this form of singing necessitates the need for an intense low-pitched 

voice and loud singing. It requires the singer to sing at lower notes in modal register 

in comparison to Western classical singers who sing with a pitch at a higher range and 

head register (Arunachalam et al., 2014; Scherer et al., 2008). 

Carnatic singing lesson gradations include pitch matching, improving their 

flexibility across the pitch range, and producing a projected open-throated voice 

(Devadas et al., 2020).They undergo intense training and practice meticulously to tune 

their voice and sing precise notes. Such long practice sessions and a lack of proper 

vocal hygiene practices result in vocal fatigue among singers.   

1.3 Vocal fatigue 

There is no consensus among voice researchers to identify what defines vocal 

fatigue. Therefore, it has led to the conceptualization of vocal fatigue in several ways. 

One school of thought considers vocal fatigue to be a symptom of an underlying 

functional or organic cause. In contrast, few others believe vocal fatigue is 

predisposed to phonotrauma and laryngeal pathology. Another school of thought 

acknowledges vocal fatigue as an isolated phenomenon (Hogikyan & Sethuraman, 

1999; Welham & Maclagan, 2003). Various authors have tried to explain vocal 

fatigue to signify it as a negative vocal adaptation of the functional biomechanics of 

the larynx occurring due to prolonged usage of voice (Vilkman, 2004; Welham & 

Maclagan, 2003). From a physiological and kinesiological perspective, vocal fatigue 

can be described  as gradual increase in phonatory effort and gradual decrease in 

phonatory abilities (McCabe & Titze, 2002). Solomon (2008) included the concept of 
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voice rest in her definition and proposed that vocal fatigue is primarily manifested as 

the perception of increased effort which occurs with prolonged voice usage and settles 

down with rest.  

Multiple authors have described vocal fatigue symptomatically. Kostyk & 

Rochet (1998) included a summary with 18 symptoms of vocal fatigue that included 

hoarse voice quality, reduced breath support while speaking, breathy voice, unsteady 

voice, inability to produce voice, tension around the neck/shoulders, irregularities in 

pitch, throat ache/pain in the neck, inability to sustain typical pitch, throat fatigue, 

restricted pitch range, tightness/constriction around  throat area, lack of vocal carrying 

power, pain while swallowing, restricted loudness range, increased need to clear 

throat, need to utilize increased vocal effort,  discomfort in chest, ears, or back of 

neck. Other symptoms which are documented in the literature include elevated levels 

of laryngeal tension, dryness of throat, coughing, and inability to produce loud voice 

(D'haeseleer et al., 2017).The symptoms as mentioned above, can be categorized into 

the following areas: respiratory support for speech, vocal quality, the extent of 

muscular and structural discomfort, pitch range, dynamic range, and level of effort to 

produce voice (Welham & Maclagan, 2003). 

1.4 Contributors to vocal fatigue 

Although the origin of vocal fatigue is vague, Titze (1984) proposed that 

several biochemical and neuromuscular factors contribute to the development of vocal 

fatigue (as cited in Solomon, 2008).  Mechanisms can be broadly differentiated into 

peripheral mediated (peripheral nerves and their connections with muscles) and 

central mediated (mental fatigue). Peripheral factors include neuromuscular fatigue, 
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non-muscular tissue fatigue and viscosity, whereas central factors would consist of a 

sense of effort (Solomon, 2008). 

Peripherally mediated factors would affect the peripheral nerves and their 

connections to muscles and the biochemical nature of the vocal folds. Contributions 

of the peripheral factors on vocal fatigue are explained as follows:  

Neuromuscular fatigue: Prolonged usage of voice can result in fatigue to the 

peripheral nerves, muscles of laryngeal and respiratory system, thus leading to a 

decline in vocal function or the perception of increased effort during voice production 

(Solomon, 2008). 

 Non muscular tissue fatigue and viscosity: Mechanical fatigue refers to a 

material's ability to endure the amount of strain placed on it earlier to break down. 

During rapid and frequent vibration of the vocal folds, flexible and non-muscular 

tissues of the larynx undergo biomechanical fatigue. Additionally, due to the 

deformation of lamina propria layer and shear stress at the ends of vocal fold tissue, 

vocal fold mucosa is subjected to mechanical stress at every vocal fold vibration cycle 

(Solomon, 2008). 

At elevated pitch levels, lengthening of vocal folds occurs in the anterior-

posterior direction and results in tensile stress. Other forms of stress which are 

observed in the laryngeal system include contact stress (occurs when vocal folds 

approximate) and inertial and collision stress (happens when vibratory regions of the 

vocal folds come into contact).  

Another factor that contributes to vocal fold fatigue is viscosity. Tissue 

viscosity is determined by the extracellular fluid composition and the cellular 
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environment. The viscous nature of the vocal folds helps to maintain lubrication as 

well as acts as shock absorbents. Reduced hydration can result in increased heat 

diffusion and elevated tissue viscosity. In turn, it increases tissue strain and results in 

tissue fatigue.        

Centrally mediated factor includes a sense of effort. When activation at the 

peripheral nervous system falls to a suboptimal rate, it results in a decline in 

performance, which is reflected as central (or mental) fatigue. Mental fatigue is then 

perceptually identified to be of increased endeavor. This particular factor has been 

studied in vigor among professional voice users. Central fatigue cannot be determined 

or measured through direct measures. Assessment of central fatigue is often done 

using rating scales and questionnaires (Solomon, 2008).  

Singers undergo extensive periods of practice and fine-tune their laryngeal 

system to produce an optimal voice. Long concerts, singing for extended durations, 

reduced consumption of water, misuse of voice by singing at high pitch for long 

durations, consumption of caffeine and caffeine products, performance pressure, 

elevated levels of anxiety and stress before the performance are few vocal and non-

vocal practices exhibited by singers. These characteristics can further lead to the 

development of vocal fatigue, as explained earlier by the neuromuscular and 

biochemical factors. 

To summarize, singing at inappropriately high or low pitches will lead to 

elevated laryngeal muscle tension, thus leading to vocal fatigue (Colton et al., 2011; 

Sander & Ripich, 1983).  
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1.5 Measures to study vocal fatigue 

Studies have attempted to document changes in vocal function under 

conditions of experimentally inducing vocal fatigue using auditory perceptual, 

acoustic, laryngoscopic, videostroboscopic and aerodynamic findings on 

phononormals to illustrate the onset and progression of vocal fatigue( 

Balasubramanium et al., 2015; Laukkanen et al., 2008; Xue et al., 2019; Yiu & Chan, 

2003). However, these findings cannot be extrapolated to pathological vocal fatigue 

as it is more realistically challenging.  

Table 1 

Summary of studies reporting various changes in measures of vocal fatigue. 

Auditory perceptual measures No changes in the listener's perception of vocal 

fatigue prior to and following the vocal loading 

task (Stone & Sharf, 1973). 

Acoustic measures Mixed findings have been reported with few 

authors claiming that vocal loading tasks lead to 

an increase in fundamental frequency (Gelfer et 

al., 1991;Vilkman, et al., 1999)and few others 

suggesting that there is reduction in 

F0(Kooijman et al.,2005; Niebudek-Bogusz et 

al.,2006).  Jitter and shimmer values do not 

provide clear evidence for acoustic changes 

following vocal loading task.  

Aerodynamic measures Aerodynamic measures provide promising 
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results as it gives information regarding the 

interaction of laryngeal and respiratory 

subsystems.  

The most commonly studied measure is 

Phonation threshold pressure (PTP). It can 

detect slight effects during vocal loading tasks. 

Increased PTP values have been reported for 

high pitches following vocal loading tasks 

(Chang & Karnell, 2004; Solomon et al., 2003). 

PTP, to a certain degree, correlates to self-

perceived sense of effort. 

Laryngeal appearance Edema and atypical glottis configuration such 

as the presence of anterior glottic chink and 

spindle-shaped glottis have been observed after 

vocal loading tasks (Solomon et al., 2003).   

 

Though several studies have investigated vocal fatigue using different 

measures, it is also essential to obtain the self-perceived symptoms of vocal fatigue as 

it is a reliable indicator for monitoring the vocal health and aids in identification of 

vocal fatigue. Several self-assessment tools for assessing vocal symptoms and fatigue 

are available, but it includes items that indirectly assess spoken vocal fatigue. Few of 

such tools include Voice Handicap Index (VHI) (Jacobson et al., 1997), the voice-

related quality of life (V-RQOL)(Hogikyan & Sethuraman, 1999), voice rating scale 

(Wingate et al., 2007), vocal effort scale (Wingate et al., 2007), vocal performance 

questionnaire (Deary et al., 2004), voice symptom scale (Deary et al., 2003), 
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Perceived Phonatory Effort (PPE), Perceived Vocal Tiredness (PVT), Vocal Fatigue 

Handicap Questionnaire (VFHQ) (Paolillo & Pantaleo, 2015) and Evaluation Of 

Ability To Sing Easily (EASE) (Phyland et al., 2013). These tools do not directly 

assess vocal fatigue but have items that indirectly refer back to symptoms of vocal 

fatigue.  Standardized assessment tools such as Voice Handicap Index (VHI) 

(Jacobson et al., 1997)and the voice-related quality of life (V-RQOL) (Hogikyan & 

Sethuraman, 1999) are not sensitive to identify and rate vocal fatigue. The number of 

quantifiable indicators of vocal fatigue is limited.  

Vocal Fatigue Index (VFI),originally developed by Nanjundeswaran et 

al.(2015), is a standardized tool used to differentiate individuals with and those 

without vocal fatigue. It has the following constructs of vocal fatigue- tiredness of 

voice and avoidance of use, physical discomfort, and improvement of voice 

symptoms with rest. VFI-2 is a modification to VFI, which includes 19 items. Due to 

the reduced item-to-total correlations, two items from the original Vocal fatigue index 

were excluded. The revised VFI-2 serves as an effective tool for identifying self-

reported improvements in voice after voice rest and could be utilized to evaluate the 

impact of voice therapy on vocal endurance. The questionnaire has good test-retest 

reliability and high sensitivity and specificity ratings for identifying people with and 

without vocal fatigue. It maybe used across various clinical groups to track symptom 

progression and change as a result of voice therapy. Also, incorporation of three 

factors, i.e., tiredness of voice and avoidance of use, physical discomfort and 

improvement of voice symptoms with rest guides the clinician to study, diagnose and 

treat several underlying mechanisms which include laryngeal muscular pathology vs. 

laryngeal tissue fatigue. 
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1.6 Need for the study 

Vocal fatigue is the initial symptom noted before the onset of any vocal 

pathology. It has been documented in research that Carnatic singers often hesitate 

from seeking medical help from a specialist for their voice problem (Boominathan et 

al., 2008; Devadas et al., 2020). In recent times, there has been an increase in the 

number of Carnatic singers in the industry, thus necessitating the need for studying 

the impact of singing practice on voice. Improper training would be accompanied by 

mislearning of singing techniques and ultimately increases the occurrence of vocal 

fatigue. A majority of Carnatic singers share their origin from India and thus make it 

essential to study vocal fatigue among them. Although there have been studies done 

using VFI in the western population, data on Indian population is limited. 

In most of the cases, vocal fatigue is perceptually identified by an individual 

before the onset of voice problems. Thus, it helps in early identification and 

prevention of probable voice problems. It is essential for professional voice users to 

know what levels of vocal fatigue is considered typical and what level is considered 

as 'at risk' and requires them to seek professional help. Hence, the current study aimed 

to investigate the presence of vocal fatigue among trained Carnatic singers in South 

Indian population.  
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CHAPTER II 

REVIEW OF LITERATURE 

The groups of individuals who depend greatly on their optimal voice quality 

are called professional voice users. They include actors, singers, teachers, call center 

advisors, lawyers and clergy etc (Koufman & Isaacson, 1991). The amount of voice 

usage, demands on voice, presence of stress, occupational demands and extent of 

travel would vary among the different classes of professional voice users. However, 

all of them are equally dependent on vocal endurance. Professional voice users have 

an increased load on their vocal mechanism, which often leads to voice problems 

(Phyland et al., 1999). 

2.1 Professional Singers 

Singers have been considered as the most demanding vocal group among other 

professional voice users. They constitute as Elite professional voice users and are 

economically dependent on their voice for their source of income. They could be 

referred as ‘vocal athletes’ because they perform complex maneuvers which requires 

their vocal mechanism to have adequate flexibility and good endurance ability 

(Phyland & Miles, 2019). 

 Singers undergo extensive practice sessions and vocal training to refine their 

voice which often results in vocal loading. Studies have reported that increased vocal 

loading is one of the important factors for the development of dysphonia among 

professional voice users (Phyland & Miles, 2019; Remacle et al., 2012). They are also 

predisposed to stress related to their voice more than non-singers (Braun-Janzen & 

Zeine, 2009). Additionally, they often engage in excessive vocal abusive behaviours 
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such as talking in a loud voice for extended periods of time, singing at extremely 

low/high-pitched voice, style of singing and poor vocal hygiene habits which can lead 

to voice problems (Arunachalam et al., 2014; Sapir, 1993).Various other factors 

which can contribute to increased risk include the environment in which the singer is 

performing, exposure to smoke and chemicals, exposure to an air conditioner, 

consecutive concerts and stage performances, singing extensively for longer periods, 

use of incorrect technique, singing or talking over a noisy situation and under stress 

(Arunachalam et al., 2014).  

Singers constitute as the most vulnerable population for the incidence of voice 

disorders. A systematic review and meta-analysis conducted in 2017 reviewed the 

self-reported voice problems in singers. It was reported that the overall prevalence of 

dysphonia was higher in singing teachers (55.15%), followed by nonclassical singing 

styles such as popular music singers (46.96%) and classical singers (40.53%)(Pestana 

et al., 2017). Major complaints reported by singers included difficulty in projecting 

voice, soreness, dryness of throat, tightness or pain in throat, increased effort to 

produce voice, difficulty in singing extreme high/low pitches, strain, change in the 

quality of voice and vocal fatigue (Arunachalam et al., 2014; Kitch & Oates, 1994).  

2.2 Vocal fatigue 

Vocal fatigue is a phenomenon resulting from muscle/tissue fatigue and 

indicated by elevated effort to produce voice with increased duration of voice use and 

improves with rest. It has been reported in literature that biochemical and 

neuromuscular changes influence the development of vocal fatigue. Long term usage 

of voice can result in exhaustion of peripheral nerves, laryngeal and respiratory 

muscles, further resulting in poor voice quality. This phenomenon is termed as 
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neuromuscular fatigue. Extensive use of voice for longer durations can deform tissues 

of the laryngeal system (lamina propria layer of the vocal fold) and further lead to 

inertial and collision stress at high pitches. Viscosity of the vocal fold layers also 

plays an essential role in maintaining the integrity of vocal fold function. Dehydration 

can lead to increased strain to the laryngeal tissues. The previously mentioned factors 

can be categorized under peripherally mediated factors for vocal fatigue. 

Predisposition to psychological stress and mental fatigue are also identified as 

contributors to vocal fatigue(Solomon, 2008).   

Few critical indicators for vocal fatigue include decreased pitch and loudness 

range, increased strain while speaking, pain in the neck and shoulders, worsening of 

voice by the end of day (Dodderi et al., 2021). Few other symptoms documented in 

literature include reduced breath support, hoarseness and strained voice quality, lack 

of flexibility in vocal range (Heidel & Torgerson, 1993; Sapir, 1993).  

2.3 Vocal fatigue in Professional voice users 

Vocal fatigue has been studied in professional voice users such as teachers 

(Hunter & Banks, 2017; Sivasankar, 2002), beatboxers (Dodderi et al., 2021), 

prospective vocal professionals(Anand et al., 2019), actors and speech-language 

pathologists.   

Stemple (1985) contemplated that nearly all voice disorders would exhibit 

laryngeal fatigue. Further, in 1993, he discussed that the fatigue would result in 

incomplete closure of vocal folds and results in greater air escape. Therefore, it 

requires greater air pressure to maintain phonation. 
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In a retrospective study, Eustace et al., (1996), studied the acoustic and 

aerodynamic measures (F0, airflow volume and rate, Maximum Phonation Time and 

jitter) and videostrobocopic measures for vowels /a/,/i/ and/u/ for 88 patients within 

the age range of 20-79 years who reported with the complaint of vocal fatigue. They 

observed an increased airflow rate, decreased MPT, and abnormal glottic 

configurations (anterior, posterior and spindle-shaped glottis chinks) in the 

participants. The study did not find any relationship between abnormal pitch and 

laryngeal fatigue in contrast to Koufman & Blalock(1988) and Sander & 

Ripich(1983) who reported that individuals with fatigue experience difficulties at the 

extreme ends of the pitch range. Another limitation of this study was that it included 

patients above the 40 years of age. Age can contribute to physiological changes 

(calcification of cartilages and bowing of vocal folds that could lead to glottis chinks), 

resulting in changes in voice quality and respiratory measures (reduced MPT).  

Kitch & Oates (1994) utilized retrospective self-reported questionnaire on 10 

actors and 10 singers to investigate the perceptual features of vocal fatigue. Actors 

reported to have difficulty in projecting their voice and rated 'power' aspects to be 

most affected by vocal fatigue. In contrast, singers reported their voice to be affected 

in vocal dynamics, pitch range, flexibility and difficulty in achieving optimal quality. 

They also reported experiencing muscle tension in the throat, neck and jaw during an 

episode of vocal fatigue.  

 Boominathan et al. (2008) conducted a study on 400 professional voice users 

that included singers, teachers, politicians and vendors with 100 participants in each 

subgroup. The prevalence of voice problem, frequency of occurrence and vocal 

hygiene practices were studied with the use of a questionnaire. The questionnaire 

comprised of open-ended as well as forced choice questions (Yes/No). Results 
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revealed that 48% of politicians and 44% of vendors reported to have voice problems 

frequently. The reason for this finding could be attributed to intense and adverse work 

conditions (exposure to smoke and pollution). On the contrary, singers (37%) and 

teachers (47%) reported that they experienced voice problems occasionally and the 

explanation for this finding could be linked to the training they received for their 

voice use. It was reported that all the subjects were engaged in throat clearing, 

speaking at loud volume for longer durations. They accounted that 70% of singers did 

not seek professional help for the voice problem even after a week of the vocal 

symptoms and suggested the reason for the same to the insufficiency of awareness 

about the problem. Vocal fatigue was accounted to be the most common symptom 

reported by singers with vocal problems.  

 Koufman & Blalock (1988) investigated 67 professional voice users (Level I 

and Level II) who reported laryngeal musculoskeletal tension. They were diagnosed 

to have laryngeal tension-fatigue syndrome (TFS) and referred to it as 'Bogart- Bacall 

syndrome'. It is characterized by fluctuating voice quality which gets worse with 

strain and is often associated with lower speaking fundamental frequency and 

difficulty to maintain breath support. They also found out that trained professionals 

(Level I) had developed tension fatigue due to the production of low-pitched voice 

whereas, untrained professionals (Level III) are prone to develop TFS as a result of 

muscle tension.  

2.4 Vocal fatigue in Singers 

Although the duration of voice usage is higher for teachers and actors than 

singers, the latter group has increased demands to fulfill in a relatively short period. 

Similarly, the level of mental stress is higher for singers as they have to satisfy the 
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audience's expectations during a performance. Frequency of travel is also another 

contributing factor to vocal fatigue among singers. Reduced humidity, increased risk 

of air-borne infections and lack of adequate rest add on to vocal fatigue (Timmermans 

et al., 2005). 

 Gelfer et al.(1991) studied the effect of induced vocal load on trained and 

untrained female singers. Pre- and post-test measures were obtained by the production 

of isolated vowels /a/, /i/ and /u/. Subjects were asked to read aloud for 1 hour and 

sing the 'The Star- Spangled Banner'. They documented that jitter ratio and shimmer 

values decreased slightly in trained singers, thus suggesting that one hour of loud 

phonation might not be vocally challenging for singers who undergo vigorous practice 

sessions on a daily basis. On the other hand, untrained singers displayed an increase in 

F0 and poor SNR values, indicating that prolonged voice usage negatively affects 

their vocal function.  

The amount of training, nature of training and demands placed on the vocal 

mechanism varies among singers. The prevalence of voice impairment, disability, and 

handicap was studied by Phyland et al. (1999) among three groups of singers- musical 

theatre, opera, contemporary (excluding rock music) and non-singers. They designed 

a questionnaire to assess singer's vocal behaviours, vocal health and experience for 1 

year. It was divided into 2 sections of singing and speaking voice in which the 

participants were asked to identify if they had experienced the symptom, and if yes, 

they were asked to rate it on a 5- point Likert scale. They reported that singers 

experienced more episodes of voice disorders such as oedema and laryngitis than non-

singers and concluded that singers reported increased prevalence of vocal disability 

and handicap over the last 12 months. However, they did not find any significant 

changes among the three styles of singing.  
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Prevalence of self-reported voice problems among 190 Carnatic singers and 

singing teachers was investigated using a questionnaire by Devadas et al (2020).  

They reported that 35% of Carnatic singers experienced voice problems in their career 

and 23 % of the singers reported that they experienced recurrence of voice problems 

since the onset of vocal pathology. They also accounted that 81 % of Carnatic singers 

reported vocal fatigue as the prevailing symptom and documented that it results from 

several phonotraumatic behaviors (talking for extended durations, singing at louder 

intensities and increased jaw and laryngeal muscle tension during singing) exhibited 

by singers.  

 Arunachalam et al.(2014), conducted a study on the complaints reported by 45 

Carnatic singers who visited a tertiary care center in Chennai and complaints reported 

were voice change, dry throat, and difficulty in singing higher pitches and vocal 

fatigue as the chief complaints. Inadequate knowledge of vocal behavior and incorrect 

use of techniques to project their voice are major risk factors for developing voice 

problems in professional voice users. Singers reported an average duration of 6 

months for which they experienced vocal fatigue. It was concluded that singers took 

part in singing for longer durations, had poor eating schedule and exhibited frequent 

throat-clearing habits.  

The literature mentioned above supports the notion that singers experience a 

significant amount of vocal fatigue and thus it is imperative to monitor the vocal and 

non-vocal habits. Doing so would reduce the risk of voice problems. 
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2.5 Vocal Fatigue Index (VFI) 

There are several methods to measure vocal fatigue- Auditory perceptual 

(Stone & Sharf, 1973), acoustic (Gelfer et al., 1991; Kooijman et al., 2005; Vilkman 

et al., 1999), laryngoscopic(Solomon et al., 2003) and, aerodynamic findings(Chang 

& Karnell, 2004; Solomon et al., 2003). Yet, the most consistent measure is the self-

perception of symptoms by the individual. 

Vocal Fatigue Index- 2 (VFI-2), a 19- item questionnaire developed by 

Nanjundeswaran et al. (2015), was used to evaluate vocal fatigue. VFI-2 consists of 

19 items that focus on assessing vocal fatigue symptoms and is distributed into three 

factors. Factor 1 consists of 11 questions (cut-off score for vocal fatigue > 24) and 

Factor 2 (cut-off score for vocal fatigue > 7) consists of 5 questions are worded 

negatively and therefore, a higher score indicates greater vocal fatigue. On the 

contrary, Factor 3 consists of 3 questions (cut-off scores for vocal fatigue < 7) are 

worded in a positive manner; therefore, a lesser score indicates that vocal fatigue does 

not improve with rest.  All three factors are conceptually different from one another, 

and therefore, a total score is not obtained. 

Vocal Fatigue Index- 2 (VFI-2) focuses on assessing vocal fatigue symptoms 

and is distributed into three factors. Factor 1 consists of 11 questions (cut-off score for 

vocal fatigue > 24) which includes statements related to general tiredness of voice and 

avoidance of voice usage and Factor 2 (cut-off score for vocal fatigue > 7) consists of 

5 questions which incorporates statements about physical discomfort associated with 

voice use. Statements of Factor 1 and Factor 2 are worded negatively and therefore, a 

higher score indicates greater vocal fatigue. On the contrary, Factor 3 consists of 3 

questions (cut-off scores for vocal fatigue < 7) contains items relating to the 
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improvement of fatigue after a period of rest. Here, statements worded in a positive 

manner; therefore, a lesser score indicates that vocal fatigue does not improve with 

rest.  All three factors are conceptually different from one another, and therefore, a 

total score is not obtained.   

Vocal fatigue was studied by Keren and Yeshoda (2019) on 100 teachers who 

were categorized into five groups (Kindergarten, primary teachers, secondary 

teachers, higher secondary teacher and, physical education teachers). All the teachers 

were recruited from private schools located in Chennai, Tamil Nadu. The study aimed 

at exploring the vocal fatigue symptoms reported by different levels of school 

teachers. VFI-2 was utilized to analyze the self-reported symptoms of teachers. The 

scores of VFI-2 were analyzed statistically for each factor and to check for gender 

differences. Results revealed that kindergarten teachers had significantly higher scores 

than the other groups for Factor 1 and 2. On the other hand, secondary, higher 

secondary and physical education teachers had obtained higher scores than 

kindergarten teachers for Factor 3, which could be attributed to the fact that they 

engage in vocally exhaustive tasks such as group play activities and provide verbal 

instructions at a louder voice. Gender differences were analyzed in higher secondary, 

secondary and physical education teachers. Male teachers had obtained significantly 

higher scores for factor 3 than female teachers in Higher secondary. This reveals that 

female teachers experience and rated worse self-percept of vocal fatigue than male 

teachers.  

Anuroopa and Yeshoda (2020) conducted a similar study to explore the vocal 

fatigue among theatre artists. Thirty theatre artists (age range between 20 and 45 

years),with an equal distribution of males and females were chosen from Karnataka's 

well-recognized institutions. Theatre artists have to perform several vocal activities 
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such as displaying several emotions while enacting in a play or during rehearsals, 

resulting in abuse and overuse of their voice. Such practices when accompanied with 

poor vocal hygiene habits can result in vocal fatigue. VFI-2 was administered directly 

and through electronic modality (for participants who resided in different parts of the 

state). Statistical analysis revealed that females had higher cut-off scores than males 

for Factor 2 and were classified into vocal fatigue group. On the other hand, Factor 3 

documented higher cut-off scores for both males and females referring to the fact that 

there is an improvement of vocal fatigue symptoms after a period of rest. However, 

the scores obtained by theatre artists was not sufficient to classify them into vocal 

fatigue group. The authors suggest that effective voice training and practice of 

appropriate vocal habits could explain the findings.  

Beat boxers are professional voice users who alter their voice to mimic sounds 

of animals and musical instruments. This art form is often self-learned and is 

improvised by trial and error method of learning. Dodderi et al. (2021) studied vocal 

fatigue in Beat boxers. Vocal fatigue was studied on 37 beatboxers, 40 avocational 

singers (included choral and contemporary western singers) and 40 non singers 

(included undergraduate and postgraduate students of commerce and management 

areas) using Vocal fatigue Index (VFI). Additionally, participants were asked to 

answer a question 'Do you have vocal fatigue?' to check for self-awareness for which 

participants had to choose yes, no or do not know. Data was collected through an 

online survey mode (Google form). They were asked to rate using 0-4 rating scale on 

the basis of how frequently they experienced the symptoms mentioned in the 

statements. Results were analyzed for each factor constituting under the VFI. They 

reported that avocational singers obtained higher rating for factors 1 and 2 in 

comparison to beat boxers and non-singers who exhibited lowest scores on VFI. Non 
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singers had highest VFI scores in factor 3 in comparison to the other two groups. 

Participant's self-awareness of vocal tiredness was also analyzed which revealed that 

avocational singers (72.5 %) had higher score than beatboxers (48.6 %). Non singers 

(27.5%) had obtained the least score for self-awareness of vocal fatigue. 

2.6 Aim of the study  

To explore the self-reported symptoms of vocal fatigue among trained Carnatic 

singers using Vocal Fatigue Index (VFI)- Version 2.  

2.7 Objectives of the study 

 To estimate the extent of vocal fatigue prevalent among trained Carnatic 

singers using Vocal Fatigue Index (VFI)- Version 2. 

 To check for gender differences, if any, in the VFI scores among trained 

Carnatic singers. 
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CHAPTER III 

METHOD 

3.1 Participants 

A total of thirty trained professional Carnatic singers (15 males and 15 

females) from Southern part of India between 21 and 40 years of age (mean age of 

25.73 years) participated in the cross-sectional survey. Participants were recruited by 

snowball sampling method.  

3.1. 1 Inclusion and Exclusion criteria 

Carnatic singers who completed a minimum of 3 years of vocal training, 

actively engaging in singing, literate in English and who had a basic knowledge of 

using Google form were included in the present study. 

Participants with a history of speech, language, hearing, or cognitive deficits 

and those with active respiratory tract infections were excluded from the study. 

3.2 Material used 

Vocal Fatigue Index Version-2 (VFI- 2), originally developed by 

Nanjundeswaran et al.(2015)was chosen for this study. The tool consists of 19 

questions categorized into 3 factors, namely, Factor 1 that included statements 

relating to tiredness of voice and avoidance of voice use, Factor 2 has statements 

describing the physical discomfort associated with voice use and, Factor 3 includes 

statements that indicate improvement of voice symptoms with rest. Rating is based on 

five- point Likert scale in which '0' represented 'Never' and '4' represented 'Always' as 
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the end points. A score of ‘1’ corresponded to 'Almost never', '2' corresponded to 

'Sometimes' and '3' corresponded to 'Almost always'.  

3.3 Procedure 

The current study was conducted by adhering to the ethical and COVID- 19 

guidelines provided by the institute's research committee. The participants were 

personally contacted through telephone call and information regarding the purpose, 

aims, and procedure of the study were explained in detail.  The consent to participate 

in the study was collected verbally during the phone call.  

The data was collected via Google form. The Google form was divided into 

three sections: informed consent and demographic details, singing-related information 

and statements from Vocal Fatigue Index –Version 2 (VFI-2). The link to the Google 

form was sent to the participants who agreed to participate through communication 

platform- WhatsApp and Gmail.  

In the first section, demographic details of the participants were collected 

along with the consent form for the study. Consent was collected in the form of 

Yes/No question to document their compliance to participate in the study.  

The second section included questions which profiled the vocal and non-vocal 

habits, such as years of experience, average hours of practice in day/and week, 

average talking hours in a day, average duration of speaking on phone, and the 

average amount of water consumed in a day.   

The last section included statements from the VFI- 2. Participants were 

instructed to indicate how frequently they experienced the symptoms given in the 

statements. The rating for these statements was based on a scale from 0 to 4 where '0' 
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indicated 'Never' and '4' indicated 'Always'. Following the completion of the 

responses, the participants were asked to 'Submit the form'.  

Out of 30 participants, 2 participants (one male and one female) were 

randomly selected and were instructed to repeat the Google form after 2 weeks of 

initial response collection to ensure response reliability. 

3.4 Analysis 

The completed responses were tabulated in a spreadsheet and total scores for 

each factor were calculated and analyzed using Statistical Package for Social Studies 

(SPSS) Version 20.0. Scoring was done separately for each factor and further 

descriptive statistics was carried out to calculate mean and standard deviation of 

factor wise scores of VFI. Inferential statistics was done to identify gender differences 

in VFI scores.  
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CHAPTER IV 

RESULTS 

The aim of the present study was to explore the self-reported symptoms of 

vocal fatigue among professional Carnatic singers (15 males and 15 females) using 

Vocal Fatigue Index- Version 2. Statistical analysis was carried out using SPSS 

Version 20.0 to analyze the responses procured during the data collection.  

The following tests were carried out to analyze the data.  

1. Shapiro Wilk test of normality 

2. Descriptive analysis of factor wise responses  

3. Mixed ANOVA to determine within subject and between subject variations 

4. Independent t test to assess gender differences 

5. Correlation analysis  

4.1 Results of normality 

Shapiro-Wilk test of normality was used to check for the normal distribution 

of data. Table 2 depicts the data which reveals that all the factors, Factor 1 (general 

tiredness of voice), Factor 2 (symptoms of physical discomfort related to voicing) and 

Factor 3 (improvement of symptoms with rest) are normally distributed in both male 

and female populations.  
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Table 2 

Results of Shapiro Wilk’s Normality test 

Factors Gender Statistic W Degree of 

freedom 

Significance 

Factor 1 Male 

Female 

0.877 

0.944 

15 

15 

.001 

.436 

Factor 2 Male 

Female 

0.910 

0.957 

15 

15 

.133 

.634 

Factor 1 and 

2 

Male 

Female 

0.896 

0.957 

15 

15 

.084 

.639 

Factor 3 Male 

Female 

0.903 

0.894 

15 

15 

.106 

.078 

 

The results are discussed under the following sub-headings.  

 Self-reported symptoms of vocal fatigue in male and female Carnatic singers.  

 Factor-wise comparison of scores between male and female Carnatic singers 

 Within- and between-subject effects of Factors and Gender in Carnatic singers 

 Correlation between factors and vocal and non-vocal habits in Carnatic 

singers. 

4.2 Self-reported symptoms of Vocal Fatigue in male and female Carnatic singers 

Cross-tabulations of the responses for each factor were carried out separately 

using SPSS software. Table 3 depicts the responses for male Carnatic singers. For 

Factor 1(tiredness with voice use), most frequently reported symptoms included 

tiredness with the use of voice, hoarseness in voice, limited period of voice use, 

avoidance of social situations and inability to talk to family after a period of voice 
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use. Effort to produce voice, weakness in voice after a period of usage and difficulty 

to project voice were among the less frequently reported symptoms.  

Table 3 

 Cross-tabulation of factor wise responses in male Carnatic singers 

VFI 
Question 

Never Almost 

never 

Sometimes Almost 
always 

Always 

Factor 1 
VFIQ1 3 2 6 3 1 
VFIQ2 2 4 4 5 0 
VFIQ3 3 4 5 2 1 
VFIQ4 5 2 5 1 2 
VFIQ5 4 2 5 2 2 
VFIQ6 2 0 4 7 2 
VFIQ7 3 1 3 7 1 
VFIQ8 4 3 8 0 0 
VFIQ9 2 3 5 5 0 
VFIQ10 4 4 4 3 0 
VFIQ11 3 4 5 3 0 
 
Factor 2 

     

VFIQ1 8 2 5 0 0 
VFIQ2 7 2 6 0 0 
VFIQ3 6 4 3 2 0 
VFIQ4 6 3 6 0 0 
VFIQ5 9 0 5 1 0 
 
Factor 3 

     

VFIQ1 1 2 5 7 0 
VFIQ2 2 1 3 4 5 
VFIQ3 1 1 5 4 4 

 

Under Factor 2 (physical discomfort with voice usage), less commonly 

reported symptoms in male Carnatic singers were pain and discomfort in the neck 

with voice usage. However, throat ache and experience of throat pain in the evening 

were frequently reported by the singers. In Factor 3 (improvement of symptoms with 
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rest), male Carnatic singers reported that their voice feels better and required reduced 

effort to produce voice after a period of rest.  

Table 4 

Cross-tabulation of factor wise responses in female Carnatic singers 

VFI 
Question 

Never Almost 

never 

Sometimes Almost 
always 

Always 

Factor 1 
VFIQ1 2 3 8 2 0 
VFIQ2 0 6 7 1 1 
VFIQ3 5 5 4 1 0 
VFIQ4 2 3 9 1 0 
VFIQ5 5 6 4 0 0 
VFIQ6 3 5 7 0 0 
VFIQ7 8 5 2 0 0 
VFIQ8 5 5 5 0 0 
VFIQ9 3 4 6 2 0 
VFIQ10 5 3 5 2 0 
VFIQ11 3 4 6 1 1 
 
Factor 2 

     

VFIQ1 4 6 4 1 0 
VFIQ2 4 4 5 1 1 
VFIQ3 2 6 6 0 1 
VFIQ4 3 4 7 1 0 
VFIQ5 4 4 7 0 0 
 
Factor 3 

     

VFIQ1 0 7 2 6 0 
VFIQ2 1 0 7 3 4 
VFIQ3 1 0 6 3 5 
 

Similarly, Table 4 depicts the cross-tabulation responses by female Carnatic 

singers. The data reveals that in Factor 1, which is the general tiredness and avoidance 

of voice use, the most frequently reported symptoms were hoarseness of voice, 

inability to use voice after a period of voice usage, exhaustion of voice and limited 

talking after a period of voice usage. Less frequently reported symptoms include 



29 
 

avoiding social situations, difficulty to project voice and an increased sense of effort 

after a period of voice use.  

As observed in Table 4, Factor 2 recorded soreness, throat ache and 

discomfort in the neck region with voice use as the most commonly reported 

symptoms among female Carnatic singers. Less frequently reported symptoms were 

pain in the neck and throat pain at the end of the day with voice usage.  

In Factor 3, most singers reported betterment of voice and decreased effort to 

produce voice with rest.  

4.3 Factor-wise comparison of scores between male and female Carnatic singers 

Chi-square test could not be administered as the frequencies of responses for 

each item were less than 5 and the criteria for using chi-square test were not fulfilled. 

Therefore, descriptive statistics was carried out and the results are shown in Table 5. 

Table 5 

Mean, median and standard deviation for Factor wise VFI scores for the participants. 

 Maximum 
score 

Gender N Mean Standard 
deviation 

Median 

Factor 1 
total 

 
44 

Male 
Female 
Total 

15 
15 
30 

19.13 
14.20 
16.67 

10.25 
6.01 
8.63 

22.00 
13.00 
18.00 

Factor 2 
total 

 
20 

Male 
Female 
Total 

15 
15 
30 

4.66 
6.66 
5.66 

4.15 
4.46 
4.35 

4.00 
8.00 
5.00 

Factor 1 
and 2 
total 

 
64 

Male 
Female 
Total 

15 
15 
30 

23.80 
20.86 
22.33 

13.25 
9.95 
11.61 

27.00 
20.00 
23.50 

Factor 3 
total 

 
12 

Male 
Female 
Total 

15 
15 
30 

8.40 
8.26 
8.33 

2.84 
3.03 
2.89 

10.00 
8.00 
9.00 
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The above table reveals that mean scores of Factor 1 and combined total of 

Factor 1 and 2 were higher in males than females and mean score of Factor 2 are 

higher in females than males. The mean scores of Factor 3 were similar for both male 

and female participants.    

4.4 Within- and between-subject effects of Factors and Gender in Carnatic 

singers 

Mixed ANOVA was carried out to analyze the within subject effects for 

Factor 1 and Factor 2 with gender to determine between-subject effect as presented in 

table 6. Results revealed that the scores are statistically significant (F = 9.687, p < 

0.05) for Factor 1 percentage and Factor 2 percentage. As the raw scores for Factor 1 

and Factor 2 were different, they could not be integrated for analysis, therefore, 

percentage values were chosen.  

 Gender differences were also analyzed and it was found that there was no 

statistical significance (F = 0.008, p > 0.05) between males and females. Furthermore, 

interaction effects was studied which revealed that there was an interaction effect 

observed between factors and gender and, the values were statistically significant 

(p=0.05). 

Table 6 

F and significance values of Factors (within-subject effects) in males and females 

(between-subject effects) 

Group F Sig. Effect size 

Factors 9.687 .004* .257 
Gender .008 .929 .000 
Factors*Gender 11.959 .002* .299 
Note.*Significance value <0.05 
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As observed in Figure 1, Factor 1 had higher mean percentage scores for male 

Carnatic singers and female Carnatic singers had a higher mean percentage for Factor 

2. The mean percentage values for Factor 3 were similar for both male and female 

groups. Interaction effects were seen but the differences are not significant. 

Independent t-test was carried out to analyze the gender based differences for 

the combined total percentage of Factor 1 and 2 and Factor 3 percentage. There was 

no significant difference a

analyzed separately as the scoring and interpretation for Factor 3 was different from 

scoring of Factor 1 and 2. Therefore, they could not be compared during statistical 

analysis. 
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As observed in Figure 1, Factor 1 had higher mean percentage scores for male 

Carnatic singers and female Carnatic singers had a higher mean percentage for Factor 

2. The mean percentage values for Factor 3 were similar for both male and female 

action effects were seen but the differences are not significant. 

test was carried out to analyze the gender based differences for 

the combined total percentage of Factor 1 and 2 and Factor 3 percentage. There was 

no significant difference as observed in table 7. Here, Factor 3 percentage was 

analyzed separately as the scoring and interpretation for Factor 3 was different from 

scoring of Factor 1 and 2. Therefore, they could not be compared during statistical 
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Males

Females

wise scores of VFI and interaction effects of factors and 

As observed in Figure 1, Factor 1 had higher mean percentage scores for male 

Carnatic singers and female Carnatic singers had a higher mean percentage for Factor 

2. The mean percentage values for Factor 3 were similar for both male and female 

action effects were seen but the differences are not significant.  

test was carried out to analyze the gender based differences for 

the combined total percentage of Factor 1 and 2 and Factor 3 percentage. There was 

s observed in table 7. Here, Factor 3 percentage was 

analyzed separately as the scoring and interpretation for Factor 3 was different from 

scoring of Factor 1 and 2. Therefore, they could not be compared during statistical 
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Table 7 

Results of independent t test for gender comparison in Factor 3 and combined 

percentage of Factor 1 and 2.  

Group T Sig. 

Factor 1 and 2 

percentage 

-.685 .499 

Factor 3 percentage -.124 .902 

 

4.5 Correlation between vocal and non-vocal habits and Factors in VFI 

Table 8 

Correlation between Factors and hours of singing in a day  

Factors Ρ Significance 

Factor 1 -.467 .009* 

Factor 2 -.367 .046* 

Factor 1 and 2 -.495 .005* 

Factor 3 -.283 .130 

Note.*p <0.05 

              Spearman rho correlation was carried out to assess correlation between the 

factors and vocal and non-vocal habits such as years of experience, average number of 

singing days in a week, average hours of practice in day/and week, average talking 

hours in a day, average duration of speaking on phone, and the average amount of 

water consumed in a day.   
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Results revealed that there was significant weak negative correlation for 

Factor 1, Factor 2 and combined total of Factor 1 and 2 and the number of days they 

sing in a week as observed in Table 8. 

The other domains did not have a significant correlation with VFI Factors.  

The reliability of responses was tested by comparing the total scores obtained 

in each factor, which were found to be similar for one male and one female 

participant. 

The following paragraph summarizes the key findings of the current research. 

Cross-tabulation was used to document the self-reported vocal fatigue symptoms in 

male and female Carnatic singers. The frequently reported and less commonly 

reported symptoms of vocal fatigue were documented for each factor separately. 

Factor-wise comparison of scores between male and female Carnatic singers revealed 

that males had greater mean values for Factor 1 and a combined total of Factor 1 and 

2. Females, on the other hand scored higher values for Factor 2. Both groups obtained 

similar scores for Factor 3. Within- and between-subject effects were analyzed which 

revealed significant differences between scores obtained for Factor 1 and 2.  Findings 

revealed that Factor 3 and the combined total of Factors 1 and 2 were not significantly 

different. Between male and female Carnatic singers, there was no significant 

difference in VFI scores. However, there were significant interaction effects between 

the Factors and gender. There was significant correlation between Factor 1, Factor 2, 

combined total of Factor 1 and 2 and the number of days of singing in a week in 

Carnatic singers.  
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CHAPTER V 

DISCUSSION 

The focus of this study was to examine the symptoms of vocal fatigue among 

professional Carnatic singers. The findings of this study are presented, along with 

supporting and contradictory studies and the rationale behind them. For the purpose of 

ease of understanding, the findings are explained in the following sub-headings.  

 Self-reported symptoms of vocal fatigue in male and female Carnatic singers  

 Factor-wise comparison of scores between male and female Carnatic singers 

 Within- and between-subject effects of Factors and Gender in Carnatic singers 

 Correlation between factors and vocal and non-vocal habits in Carnatic singers 

 

5.1 Self-reported symptoms of vocal fatigue in male and female Carnatic singers  

Factor-wise responses were documented using cross-tabulations for male and 

female participants separately. For Factor 1, which represents statements regarding 

fatigue and avoidance of voice use, male Carnatic singers reported that they 

experience hoarseness of voice, tiredness, and difficulty to interact with family 

members after prolonged voice usage and restricted their voice use more frequently. 

Less commonly reported symptoms of vocal fatigue included weakness, trouble in 

projecting their voice and increased effort to produce voice.  

Female Carnatic singers, on the other hand, frequently reported experiences of 

hoarseness in voice, exhaustion and a limited ability to talk for long periods of time 

under Factor 1. Less frequently reported symptoms included increased effort to 
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produce voice, avoidance of social situations and difficulty to project voice after a 

period of voice use.  

The above mentioned symptoms may occur as a result of muscle group stiffness 

due to over-activation of muscle groups involved in vocalization and if enough time is 

not provided for recovery, it would result in structural and physiological changes 

(McCabe & Titze, 2002). 

Statements of physical aspects of discomfort with voice use were covered under 

Factor 2. Neck pain and discomfort with voice use were among the less common 

concerns reported by male Carnatic singers. On the other hand, frequent complaints 

included soreness and throat ache in the evening.  

Female Carnatic singers reported that they frequently experienced soreness, 

discomfort around the neck area, and throat irritation similar to the symptoms 

reported by males under Factor 2. 

The findings given above are consistent with the results reported by Kitch & 

Oates (1994) who studied the self-reported symptoms of vocal fatigue on 10 actors 

and 10 singers.  

Attempts to sing during episodes of fatigue would result in an increase in 

neuromuscular fatigue and muscle tension around neck, throat and jaw as these areas 

are functional during vocalization as well as singing. This could be the possible 

rationale for the physical discomfort experienced by individuals with vocal fatigue 

(Kitch & Oates, 1994).  

Majority of the male and female Carnatic singers procured similar scores for 

Factor 3 implying that vocal fatigue gets better with rest. This outcome could be 
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justified by the fact that vocal rest has a prominent impact on the vocal folds and is 

protective in nature. Adequate voice rest along with hydration and the maintenance of 

proper vocal hygiene routine will aid in the recovery process after vocal exertion. 

5.2 Factor-wise comparison of scores between male and female Carnatic singers 

On calculation of the mean scores for each factor, it was observed that male 

participants had a higher mean value for Factor 1 and a combined total of Factors 1 

and 2. Female participants, on the other hand, had a higher mean value for Factor 2. 

Factor 3 ratings were similar for both male and female Carnatic singers, suggesting 

faster recovery of vocal fatigue symptoms following a period of voice rest.  

Increased pain sensitivity in females can be hypothesized as one of the reason for 

the increase in the mean scores for Factor 2 in female Carnatic singers. Similar 

justification was documented by Keren and Yeshoda (2019) who investigated the 

vocal fatigue among different levels of school teachers using Vocal Fatigue Index- 2.  

Another study investigating the vocal fatigue among theatre artists by Anuroopa 

and Yeshoda, (2020) revealed that female theatre artists reported to have an increased 

mean score for Factor 1, Factor 2 and combined total of Factor 1 and 2.  In contrast to 

our findings, they noted that males reported a higher score for Factor 3, implying 

betterment of vocal fatigue after voice rest. They hypothesized that female actors 

perceive greater mental stress during performances, which can be one of the rationale 

for the difference in the findings.   
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5.3 Within- and between-subject effects of Factors and Gender in Carnatic 

singers 

Within-subject differences i.e., differences in scores between Factor 1 and Factor 

2 percentages were noted and it was observed that they were statistically significant. 

Gender based differences for vocal fatigue was not observed in the findings of the 

present study. However, interaction effects between the VFI factors and gender was 

statistically significant. The findings of the current study are in contrary to the 

research documented in the literature. Researchers have reported that females are at 

higher risk of voice problems than males as the vocal system and mechanics of males 

and females differ from each other in terms of structure and physiology. Changes in 

vocal fold length, size and elastic properties of vocal fold are some of the contributing 

factors for the differences (Laukkanen et al., 2008).  

5.4 Correlation between factors and vocal and non-vocal habits in Carnatic 

singers 

Vocal fatigue can be influenced by several vocal and non-vocal habits, such as 

the duration and intensity of voice use, the frequency of abusive vocal practices such 

as screaming, speaking at loud volumes, singing for prolonged periods, and the 

maintenance of vocal hygiene (Arunachalam et al., 2014; Devadas et al., 2020).  

In the present study, significant negative correlations were observed for Factor 1, 

Factor 2 and a combined total of Factor 1 and 2 and the duration of singing practice 

done in a day. To simplify, an increase in the amount of singing practice resulted in 

higher scores of vocal fatigue. The justification for this finding can be attributed to the 

amount of vocal training performed by the participants. Long hours of rehearsal and 

use of precise techniques may have also improved the vocal folds' capacity to endure 
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the vocal load. As a result, vocal folds may have evolved to withstand such long 

periods of singing practice during the day. The preceding argument is reinforced by 

findings from Scherer et al 1986, who studied vocal fatigue in a trained and an 

untrained voice user and reported that trained users are less prone to vocal fatigue. 

Summary of the results:  

 Frequently reported and less commonly reported symptoms of vocal fatigue 

among male and female Carnatic singers were documented by cross-tabulating 

factor-wise responses.  

 On comparison between the mean scores of VFI, it was found that males had a 

higher mean value for Factor 1 and combined total of Factor 1 and 2. This 

implies that male Carnatic singers experience tiredness of voice and avoided 

the use of voice more often than female Carnatic singers. On the other hand, 

mean scores for Factor 2 was higher for female participants, thus suggesting 

that they experience symptoms of physical discomfort after voice use more 

frequently than male participants.  

 The mean score of Factor 3 was similar in both groups of participants 

implying betterment of symptoms after a period of voice rest.  

 Results of Mixed ANOVA revealed that the percentage VFI for Factor 1 and 2 

were significantly different between each other. Factor 3 and a combined total 

of Factors 1 and 2 were not significantly different.  

 There was no significant gender difference for VFI scores between male and 

female Carnatic singers.  

 Interaction effects between the Factors and gender was present and was 

significantly different.  
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 There was significant correlation between Factor 1, Factor 2, combined total 

of Factor 1 and 2 and the number of days of singing in a week.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 
 

CHAPTER VI 

SUMMARY AND CONCLUSION 

Carnatic singers are professional voice users who depend exclusively on their 

voice for their livelihood. The style involved in singing Carnatic music demands long 

hours of rehearsal and extensive periods of training. However, such long sessions of 

practice and consecutive performances during concerts often leads to vocal fatigue 

and later, develops into voice problems. Acoustic, aerodynamic, laryngoscopic, and 

auditory perceptual measures are among some of the ways to detect vocal fatigue. 

However, the most reliable method would include the self-perceived report of vocal 

fatigue by the individual.  

The present study aimed at investigating the self-reported symptoms of vocal 

fatigue in trained Carnatic singers using Vocal Fatigue Index- 2 (VFI-2). The 

objectives of the study were to explore the self-reported symptoms of vocal fatigue 

and to check for any gender differences.VFI-2 was administered to 30 participants 

aged 21-40 years (equal number of male and female Carnatic singers) through a 

Google form questionnaire. Demographic details, vocal and non-vocal habits and 

responses for statements of VFI-2 were collected using the questionnaire.  

Results revealed that percentage VFI for Factor 1 and 2 were significantly 

different between male and female participants. There was no significant gender 

difference for VFI scores between male and female Carnatic singers. However, 

interaction effects between the three factors and gender was observed and it was 

statistically significant. Male participants had higher mean percentage values for 

Factor 1. On the other hand, female participants scored higher percentage values for 

Factor 2. Similar trends in percentage values were observed in both male and female 
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participants for Factor 3. There was significant correlation between Factor 1, Factor 2, 

combined total of Factor 1 and 2 and the number of days of singing in a week for all 

the participants. Neuromuscular fatigue, presence of increased mental stress prior to 

performances, adequate hydration and, increased endurance ability to tolerate higher 

vocal load were observed from the results in general. And these findings find support 

from the documented literature in professional voice users.  

6.1 Clinical implications 

 The current study provides information on the self-reported symptoms in trained 

Carnatic singers and will facilitate in counseling and educating professional voice 

users about vocal fatigue and vocal hygiene practices. 

 It will guide clinicians in identifying the underlying processes, such as, laryngeal 

muscular and laryngeal tissue fatigue that could lead to developing voice 

problems. 

 The tool can be used in therapeutic settings to monitor symptom development and 

document outcomes after voice therapy. 

6.2 Limitations and future directions:  

 Generalization of the findings of the current study must be done with caution as 

the sample size was limited to 30 participants. Larger sample sizes may be chosen 

for future studies to understand and explore the nature and extent of vocal fatigue 

and also representation of this population.  

 Correlation of vocal fatigue among the different styles of singing in Indian 

population can be attempted in future studies.  
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