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Chapter 1 

INTRODUCTION 

Voice plays a major role in oral, verbal communication between humans. When 

voice, pitch and loudness vary or are inappropriate for a person's age, gender, cultural 

context, or geographic area, a voice disorder occurs (Aronson & Bless, 2009). 

Voice is the most dominant tool to express both emotions and oral language. 

Dysphonia occurs due to a faulty structure or improper functioning of the larynx, 

resulting in the change in quality, pitch and loudness of the voice (Smith, 1996). Boone 

et al. (2010) classified the voice disorder into three types based on the etiological factor. 

The first type is the organic voice disorder, which may be due to any laryngeal structure 

deviation that affects the vocal fold vibration. The second type is the neurogenic voice 

disorder that induces the vocal fold closure due to either paralysis or exhaustion due to 

neurological diseases. The third type is the hysterical voice disorder induced by 

psychosocial influences and voice disorders of muscle tension (muscle tension 

dysphonia), which may occur with excessive laryngeal muscle use. 

1.1 Evaluation of voice disorders – conventional methods 

The team for evaluation of dysphonia includes the Speech Language 

Pathologists (SLPs) and Otolaryngologists (ENT). SLP deals with assessment of an 

individual with Dysphonia to make a proper diagnosis for voice disorder management. 

The individual quality of voice can be assessed qualitatively by perception and 

quantitatively by the instrumentation (Hakkesteegt, 2009). European Laryngeal Society 

(ELS) recommends laryngostroboscopy, perceptual voice assessment, acoustic 

analysis, aerodynamic measurements, and subjective as well as self-evaluation of voice 

to assess voice disorders (Dejonckere, 2001). 



2 

 

 

Conventional methods used in the clinical setting to evaluate voice disorders 

include both perceptual evaluation and acoustic analysis. Tools for perceptual 

assessment of voice quality includes the Darley Rating system (Darley, 1969), Grade, 

Roughness, Breathiness, Asthenia, and Strain (GRBAS) Scale (Hirano, 1981), Buffalo 

Voice Screening Profile (Wilson, 1987), and the Consensus Auditory Perceptual 

Evaluation of Voice (CAPE-V) Scales (Kempster, 2009). Objective evaluation of voice 

quality includes the acoustic analysis which helps to quantify the degree of severity of 

Dysphonia. It is a reliable measurement of voice quality (Carding, 2009).  Acoustic 

measures include frequency related measures (eg., fundamental frequency, habitual 

frequency, frequency range etc.), amplitude related measures (eg., habitual intensity, 

extent, and fluctuation of intensity etc.), perturbation related measures (e.g., jitter, 

shimmer, etc.) as well as harmonics related measures (e.g., Harmonics to noise ratio 

etc.).  Widely used by various researchers (Dejonckere & Lebaq, 1996; Hirano et al., 

1988), Dysphonia Severity Index  (Wuyts et al., 2000) and the Acoustic Voice Quality 

Index (AVQI) evaluates the acoustic parameters of the voice samples of phonation and 

speech task (Maryn et al., 2010). Cepstral peak prominence (CPPS), Harmonic to Noise 

Ratio (HNR), Shimmer local (SL), Shimmer local dB (ShdB), Long-term average 

spectrum slope (slope), and trendline tilt across the long-term average spectrum (tilt) 

are the parameters used for AVQI.  

AVQI is estimated as  

AVQI = 2.571*(3.295-0.111*CPPS-0.073*HNR-0.213*SL+  

2.789*ShdB-0.032*Slope + 0.077*Tilt + 0.077*Tilt).  

 

 



3 

 

 

1.2 Online evaluation of voice disorders 

In the pandemic situation, it is difficult to carry out the conventional method of 

perceptual evaluation and acoustic analysis of voice, which requires face to face 

physical interaction with the patient. Alternative methods such as online evaluation of 

voice may be explored for assessment of the person with Dysphonia in this pandemic 

situation. 

Different applications (apps) such as Zoom, Google Meet, Skype, WebEx, and 

WhatsApp are available for tele-conferencing for different purposes such as students' 

online classes, audio visual interaction with friends and family members. Speech 

Language Pathologists can use these apps for tele-assessment and tele-management of 

various speech and language disorders. Smartphone are used for establishing 

communication using these apps. For tele-assessment, the speech samples will be 

acquired through these Smartphone. Several researchers have analysed recordings from 

Smartphone to find their suitability for voice assessment. 

Lin et al. (2012) measured and compared the voice and speech samples recorded 

through the iPhone and Personal Computer Memory Card International Association 

(PCMCIA) laptop recording system. This study concluded that recording using iPhone 

is suitable for acoustic analysis for speech & voice assessment. Vogel (2014) compared 

the recordings of Smartphone, landlines, laptops, and hard disc recorders. Results 

showed that none of the methods of acquisition for capturing voice and speech could 

provide statistically equivalent values compared to the high-quality recording system. 

Yun (2015) recorded the voice of 30 individuals within the age range of 21-40 years 

with three devices such as Samsung galaxy (G90S6) mobile phone, Computerised 

Speech Lab (CSL - model 4500), and a digital recorder (Model PCM-M10, Sony, 



4 

 

 

Japan). Parameters such as F0, jitter, shimmer, NHR (Noise-Harmonic ratio), and 

formant derived through Multi-Dimensional Voice Program (MDVP) were analyzed. 

The author reported no significant difference in the parameters across the three devices 

used for recording. The author concluded that the Samsung Galaxy Smartphone could 

be used for the acoustic analysis of voice. 

Lee (2018) compared the recording of 180 individuals. The vowel /a/ samples 

were recorded using CSL-Model 4150B and android Smartphone (Samsung Galaxy 

Note 5, SM-N920) through the smart recorder app. No significant differences were 

observed between the devices and the study concluded that Smartphone can be used as 

a screening tool for voice disorders. Barche et al. (2020) experimented the automatic 

detection and assessment of voice disorder using the Saarbruecken Voice database. The 

results show that open smile features are better for the detection and classification of 

voice disorder. Vogel (2008) compared the voice samples acquired through three 

recording devices such as hard drive, solid-state recorder, and computer-based 

(standard laptop). The finding showed that selective acoustic measurements (e.g., F0, 

noise-to-harmonic ratio, number of pauses) were efficiently extracted using all three 

methods. 

It is evident from the previous research that voice samples recorded with 

Smartphone are suitable for acoustic analysis. The previous research also reveals that 

the MDVP and AVQI parameters listed in Section 3.4.1 and 3.4.2 have been used for 

acoustic analysis of voice. But in all these studies, the voice samples were directly 

recorded through Smartphone. In the present scenario, it is difficult to have direct 

recording, the possibilities of collecting samples through online recording need to be 
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explored. No study has been reported in the literature investigating the suitability of 

samples collected online through videoconference apps, for acoustic analysis of voice. 

1.3 Need of the study 

In the present pandemic situation, it is difficult to carry out the conventional 

assessment, which requires face to face interaction of the clinician with the patient. 

Tele-assessment of voice may be explored as an alternative method for assessment of 

persons with Dysphonia. Telepractice has been successfully used for voice therapy as 

well as for prevention of voice disorders (Castillo-Allendes, 2020; Grillo, 2017). Apps 

such as Zoom, Google Meet, etc. installed in Smartphone are used for tele-

conferencing. For tele-assessment, the speech samples need to be acquired through this 

online mode. Several researchers (Lee et al., 2018; Lin et al., 2012; Vogel et al., 2014; 

Yun, 2015) have analysed voice samples recorded directly through Smartphone and 

found that these recordings are suitable for voice assessment. But none of the 

researchers have investigated whether the voice samples recorded online using 

Smartphone can be used to assess voice disorders.  There is also a need to find out the 

most suitable among the widely used apps, for online recording. 

1.4 Aim of the study 

To determine the suitability of the voice, recorded online through two widely 

used video conference apps (App1 and App2) for assessment of voice characteristics, 

by comparing with the acoustic parameters of voice recorded directly through 

Smartphone, and to find out the most suitable among the two apps. 
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1.5 Objectives 

• To compare the acoustic parameters (AVQI & MDVP) of the voice samples of 

individuals with normal voice, recorded online through App1 and App2, with the 

voice samples recorded directly through mobile phone. 

• To compare the acoustic parameters (AVQI & MDVP) of the voice samples of 

individuals with Dysphonia recorded online through App1 and App2, with the 

voice samples recorded directly through mobile phone. 

• To compare the acoustic parameters (AVQI & MDVP) of the voice samples of 

individuals with normal voice, recorded online through App1 with the samples 

recorded through App2. 

• To compare the acoustic parameters (AVQI & MDVP) of the voice samples of 

individuals with Dysphonia, recorded online through App1 with the samples 

recorded through App2. 
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Chapter 2 

REVIEW OF LITERATURE 

2.1 Conventional Methods for Voice Evaluation 

The conventional methods used to evaluate voice are majorly divided into two 

categories: - subjective and objective. Subjective methods of assessment include 

perceptual voice assessment, self-evaluation of voice, etc. Objective assessment 

methods are further classified as non-invasive and invasive. Non-invasive methods 

include acoustic analysis and aerodynamic measurements. Invasive methods include 

laryngoscopy, video-stroboscopy, etc. A brief review of the conventional methods is 

given in the following subsections. 

2.1.1 Subjective Evaluation 

2.1.1.1 Perceptual Evaluation 

Perceptual evaluation is the 'gold standard' method for assessment of voice 

quality which provides the accurate diagnosis of the severity of voice quality. The 

buffalo-III speech profile (Wilson, 1987) was designed specifically for evaluating 

pediatric voices. It is a five-point equal-appearing interval rating scale, with ‘1’ 

indicating "normal" and ‘5’ indicating "very severe" variation. It analyses twelve 

significant aspects of voice production. The 'GRBAS Scale' (Hirano, 1981) evaluates 

five aspects of vocal quality and the severity is expressed on a four-point scale ranging 

from ‘0’ to ‘3’ (De Bodt et al., 1997). Consensus auditory perceptual evaluation of 

voice (CAPE-V) developed by the American Speech and Hearing Association (ASHA, 

2002) is a 100 mm visual analog scale that evaluates six parameters such as overall 

severity, roughness, breathiness, strain, pitch, and loudness. 
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2.1.1.2 Self Evaluation 

Self-assessment is done using voice handicap index (VHI) (Jacobson et al., 

1997). A shortened 10-item version named VHI-10 was subsequently developed for 

quick assessment of VHI (Rosen et al., 2004). 

 

2.1.2 Objective evaluation 

2.1.2.1 Non-Invasive methods 

Non-invasive methods include aerodynamic and acoustic measures. 

Aerodynamic parameters include vital capacity, mean airflow rate, phonation duration, 

vocal intensity, maximum phonation duration and S/Z ratio. Acoustic parameters 

evaluated are fundamental frequency-related parameters, intensity, perturbation, noise-

related parameters and spectral parameters. 

The perceptual evaluation combined with acoustic measurement is considered 

gold standard for assessment of dysphonia and its severity (Ma & Yiu, 2006). 

Dysphonia Severity Index is given by the equation:- 

DSI=0.13 x MPT + 0.0053 x F0-High – 0.26 x I-Low – 1.18 x Jitter (percent) + 12.4. 

For perceptually normal voices, the DSI is +5, while for highly dysphonic voices, it is 

–5. The lower the patient's index, the lower the patient's vocal output. Acoustic Voice 

Quality Index (AVQI) (Hema et al., 2009; Maryn et al., 2010) combines six parameters 

using the equation:- 

AVQI = 2.571*(3.295 - 0.111*CPPs - 0.073* HNR - 0.213*SL +2.789*Sh dB - 

0.032*Slope +0.077*Tilt).  
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AVQI can be calculated automatically using the script written in Praat for a 

concatenated sample of sustained vowel and continuous speech. The AVQI score 

ranges from 0 to 10, indicating average to a profoundly abnormal voice on a scale of 

severity. The MDVP available in the CSL gives the quantitative measurement of voice 

quality by calculating 33 parameters on a single vocalization. MDVP is remarkable in 

its ability to function through a wide variety of pathological voices reliably. 

Hema et al. (2009) developed normative data of the MDVP parameters for 

Indian population. Sixty participants were considered, thirty male and thirty female 

within the age range of 18 to 25. Results showed significant difference only in 

perturbation measurements, when the estimated values were compared with built-in 

normative data of CSL. Vishali (2019) investigated whether the AVQI parameters 

differed with respect to age and gender in Tamil speakers. No significant difference 

was observed in AVQI with respect to age and gender. 

2.1.2.2 Invasive methods 

An invasive method means the introduction of instruments into the body or body 

cavity. Many instruments are used to visualize the laryngeal state, such as rigid 

endoscopy, flexible endoscopy, video-stroboscope, video kymography, ultra-high-

speed photography, ultrasound glottography and photoglottography. The use of 

instrumental analysis provides direct access to structures in action and supplements the 

acoustic and perceptual findings. 

2.2 Telepractice 

Telepractice is defined as "the application of telecommunications technology to 

provide remote professional services by connecting clinician to client or clinician to 
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clinician for assessment, intervention and consultation" (American Speech-Language-

Hearing Association [ASHA], 2005,) 

There are three modes of telepractice namely synchronous, asynchronous, and 

hybrid: - 

• Synchronous (interactive client) - Services with two way audio and video 

interactions. 

• Asynchronous (store-and-forward) - Images or data are collected and 

distributed (i.e., saved and forwarded) for skilled viewing or understanding. 

• Hybrid - Telepractice applications that involve combinations of 

synchronous, asynchronous and in-person resources. 

Before starting the telepractice, the appropriate video conference application 

such as Zoom, Google-meet, WebEx, etc. need to be selected. The selected application 

should include features such as webcam sharing, screen sharing, interactive features, 

etc. 

2.2.1 International Guidelines for Telepractice 

ASHA suggests using Health Insurance Portability and Accountability Act 

(HIPAA)-friendly applications such as Go To Meeting, WebEx, etc., and the HIPAA-

compliant version of Zoom. Applications such as Facetime, Skype, and Facebook 

Messenger are not HIPAA-compliant. 

HIPAA compliant application should have the features given below (Fetzer & West, 

2008) 
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• Capacity to maintain privacy while sending the emails and documents during 

screen sharing. 

• Capacity to choose the appropriate virtual activities like PBS Kids, ABCya, 

Starfall, and TeacherspayTeachers (TpT) or Boom Cards, and also to create 

digital resources for the children and adults to attend the session. 

• Facility to make virtual sessions engaging with the child. 

• Shall follow the ASHA Code of Ethics (ASHA, 2016a). 

2.2.2 Global Scenario of Telepractice 

Fong et al. (2021) conducted a study on the implementation of telepractice in 

Hongkong during covid -19. Totally 135 speech language pathologists participated in 

the study which investigated the perception, training and knowledge of the telepractice. 

83% of the SLP reported that its suitability depends on the type of condition of the 

patient. Lack of training about the technology usage in telepractice was found to be a 

major obstacle. 

2.2.3 Telepractice in India 

Mohan et al. (2017) conducted a study on telepractice in India. 205 members, 

including speech-language pathologists and audiologists, participated in the study. The 

participants were providing services in different settings such as clients' homes, 

elementary school, pre-elementary school, etc., for different age groups varying from 

infants to older adults. The services delivered include screening, assessment and 

management follow-up, and the professional consultancy for different communication 

disorders. 64% of telepractitioners reported client satisfaction with follow-

http://pbskids.org/
https://www.abcya.com/
https://www.starfall.com/h/
https://www.teacherspayteachers.com/
https://wow.boomlearning.com/
https://www.asha.org/Code-of-Ethics/
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up/monitoring and increased access to resources and 60% of clients were pleased with 

the regularity of telepractice services. 

Yashaswini (2018) conducted a small survey regarding the telepractices in 

India, in two phases. In the first phase, questionnaires were mailed to all the 17 speech-

language pathologists who were tele-practising in Mysore and Bangalore. Majority of 

the respondents (53.3 percent-86.6 percent) described technical problems as obstacles 

to telepractice. Furthermore, the service delivery model is different in terms of 

caregiver orders, documentation, face validity, acceptance, and caregiver 

accountability. 

Gupta et al. (2021) reported that, for implementing telepractice, speech-

language pathologists in India were using various software and applications (WebEx, 

TheraKonnect, VSee, FaceTime, Skype, Google Hangout).  

 Aggarwal et al. (2020) conducted an online survey in India during the covid-19 

using the google form in which 84 SLPs between the ages of 21 and 53 years involved 

in telepractice participated. Percentage of SLPs using telepractice for treatment of child 

language disorder, fluency disorder, voice disorders, neurogenic language disorder and 

neurogenic speech disorders are 75.0%, 45.2%, 31.0%, 29.8%, and 25.0% respectively. 

The above studies indicate that telepractice would be a viable option for SLPs in India 

in the coming days. 

2.3 Telepractice in voice disorders 

According to ASHA, telecommunications is an effective mode of services for 

speech therapists during pandemic (Weidner & Lowman, 2020). Many studies have 
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reported success stories of tele-rehabilitation of persons with voice disorders. The 

effectiveness of tele-rehabilitation has been documented in these studies by comparing 

the pre and post therapy voice parameters (acoustic and perceptual). 

 Rangarathnam et al. (2015) compared telepractice mode treatment of the voice 

disorder with conventional face to face method. Participants were divided into two 

groups (face to face and telepractice), each with seven participants. Pre and post 

treatment analysis was done using auditory–perceptual, acoustic, aerodynamic, and 

quality-of-life measures. No significant difference was observed between the face to 

face and telepractice groups. 

 Tindall et al. (2008) compared the traditional delivery and telepractice for 

persons with Parkinson's disease. Results showed no significant difference between the 

pre-test and a significant difference between pre and post-test. Similar improvements 

were reported in the face-to-face and telepractice modes. 

 Mashima et al. (2003) compared the conventional method and telepractice mode 

of voice therapy. Before therapy, baseline data were collected from all participants. 

Therapy was given through a real-time audio-video monitoring system. The vocal 

rehabilitation techniques (Boone, 1982; Boone & McFarlane, 2000) showed no 

differences in outcome measures between the face to face and online mode. 

Majority of the studies reviewed above indicate the efficacy of telepractice 

mode in treatment of persons with voice disorders. The studies also showed no 

significant difference between the conventional and telepractice modes in terms of 

outcome measures. However, no studies were reported on tele-assessment of voice 

disorders. 



14 

 

 

2.4 Recording of samples through mobile phone for Assessment of voice 

Smartphone are the most easily available devices for recording of voice 

samples. Curtis et al. (2019) showed that Smartphone can be used for recording the 

voice samples for assessment and management of speech disorders. Lin et al. (2012) 

measured and compared the parameters through analysis of voice and speech recorded 

through the iPhone and Personal Computer Memory Card International Association 

(PCMCIA) laptop recording system. They concluded that recording using the iPhone 

is suitable for acoustic analysis for assessment of speech & voice. Vogel et al. (2014) 

compared the recordings of modern devices such as Smartphone, landlines, laptops, 

and hard disc recorders. Results showed that none of the methods of acquisition for 

capturing voice and speech could provide statistically equivalent values compared to 

the benchmark system. 

Lee et al. (2018) compared the recording of 180 individuals. The vowel /a/ 

samples were recorded using CSL-Model 4150B and android Smartphone (Samsung 

Galaxy Note 5, SM-N920) through the smart recorder app. No significant differences 

were observed between the devices and the study concluded that Smartphone can be 

used as a screening tool for voice disorders. 

Grillo (2017) conducted a preliminary study on the VoiceEvalU8 Smartphone 

application. A total of twenty-one participants participated in the Global Voice 

Prevention Model (GVPM). Acoustic analyses were done by extracting the AVQI 

parameters. Findings revealed that F0 and jitter percent show improvements in voice 

from pre- to post-GVPM, in-person and telepractice settings. 
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Grillo et al. (2016) recorded voice samples using different Smartphone (iphone 

5s, iPhone 6s, Samsung Galaxy S5) and a microphone mounted on the head. Ten 

participants were asked to phonate /a/ and small phrases at a comfortable pitch and 

loudness. The findings revealed that there was no significant within-subject 

heterogeneity between devices and applications. The study concluded that Smartphone 

are suitable for recording voice samples for regular voice measures that reflect the 

effects of vocal loading within individuals. 

 Barche et al. (2020) reported effectiveness of Smartphone in clinical assessment 

and management. The population tested included those with normal and disordered 

voice. Results indicated that the Smartphone can be used as instruments for voice 

assessment outside the clinic.  

 Petrizzo and Popolo (2020) conducted acoustic analysis on voice samples 

recorded using Smartphone as well as ipads. Results of analysis of voice parameters 

suggested that Smartphone and mobile applications can be useful instruments in voice 

assessment outside the laboratory.  

 Grillo et al. (2016) measured the acoustic parameters using different 

Smartphone such as iphone 5 and 6s and Samsung Galaxy S5 with head-mounted 

condenser microphones. The voice samples were analyzed using software programs 

such as MDVP, Praat and analysis of dysphonia in speech and voice (ADVS). The 

finding indicates no significant difference across the devices and concludes that 

Smartphone can be used to record the voice for estimation of acoustic parameters. 

 Carson and Ryalls (2018) highlighted the benefits of using Smartphone for an 

augmentative procedure through acoustic analysis, to assist perceptual evaluation of 
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voice. The major advantages listed are: - they are non-invasive, can be implemented 

with freeware such as Praat or low-cost phone/ tablet applications such as OperaVOX 

(On Person Rapid Voice examiner). Findings suggest that the acoustic analysis of voice 

samples recorded through Smartphone supplements the perceptual evaluation. 

Majority of the above studies suggest that Smartphone can be used as devices 

to record voice samples for voice analysis. Most of the studies conclude that the 

parameters of voice recorded through Smartphone do not show significant difference 

when compared with parameters of voice recorded through conventional systems such 

as digital recorders. 

2.5 Recording of samples through online apps for Assessment of voice 

 McGill and Fiddler (2021) reported that the Zoom platform is widely utilized 

for telepractice. Zoom was selected based on HIPAA compliance, usability and pricing 

of software licenses.  

 Weerathunge et al. (2021) measured the accuracy of acoustic parameters when 

transmitted through videoconference platforms. Twentynine individuals with 

dysphonia within the age range of (19-82) participated in the study. Six popular 

videoconference platforms were considered. After the recording of audio samples, the 

acoustic analysis was carried out, using Praat acoustic software. The parameters 

analysed were mean F0, F0 variation (standard deviation and range), SPL variation 

(standard deviation and range), HNR, L/H ratio, and CPPS. All acoustic parameters 

except MF0 were affected. They concluded that Microsoft Teams and Zoom had the 

least impact on acoustic measures. Overall, measures of F0 were least affected by 

telepractice transmission. In this study, participant’s voice sample was recorded and 
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was reproduced through an external speaker while transmitting through the computer 

during videoconferencing.  

Many researchers investigated the voice samples recorded through different 

media, such as digital recorder, Smartphone, and laptops to find their suitability to 

record voice samples for acoustic analysis.  However, none of these researchers have 

investigated whether the voice samples recorded online can be used to assess voice 

disorders.  In the present pandemic situation, it is difficult to record the voice samples 

directly at the clinic. It has been already established by the previous researchers that 

recordings with Smartphone can be used for acoustic analysis. Hence, there is a need 

to investigate whether the voice samples recorded online are suitable for assessing voice 

disorders. The present study is an investigation in this direction. 
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Chapter 3 

METHOD 

3.1 Research design 

The present study uses standard group comparison to compare the normal and 

the dysphonia group to achieve the objectives. 

3.2 Participants 

A total of 48 literate Kannada speaking adults, within the age range of 20-50 

years, were recruited for the study, in two groups. Group I included 31 normal 

participants, and group II included 17 participants with Dysphonia.  

Inclusion and exclusion criteria for selection of group I and II 

• Participants having mobile phones within the price range of Rs. 10,000 - 20,000/-  

with video conferencing apps (App1 and App2) installed in their mobile phones. 

• Participants with normal/ corrected vision. 

Additional inclusion and exclusion criteria for selection of group I 

• Participants with normal speech, voice, language, hearing, intact cognition, with 

no signs and symptoms of upper respiratory tract infections at the time of 

recording. No neurological, social, emotional, cognitive or psychiatric 

disturbances. 

• Individuals who have a history of voice disorders, exposure to cigarette/ 

consumption of alcohol/chemical fumes, or any trauma/ accident/ surgery to the 

laryngeal system or long-term drug history exposure regardless of medical 

conditions such as diabetes or hypertension were excluded. 
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Additional inclusion and exclusion criteria for selection of group II 

• Participants who were diagnosed with Dysphonia and without any co-morbid 

condition. 

3.3 Procedure 

The researcher virtually connects to the participant (setting at their residence) 

through App1 and App2 and give clear instructions before the online recording. Oral 

consent was obtained from the participants and the purpose and procedure of the study 

was explained. Participants were instructed to be seated comfortably in a noise-free 

room, keeping the phone at a distance of 10 cm from the mouth. They were requested 

to perform the following two tasks: - 1. To phonate of /a/ for 5-6 seconds at a pitch and 

loudness, comfortable to them and 2. To read a standardized passage (Appendix-A) in 

Kannada (Bengaluru passage). Six lines of text in the passage were shown at a time on 

the screen. Font size and line spacing of the text in the passage were finalized after 

ascertaining the readability by three Speech Language Pathologists, before the start of 

the study. The phonation and the read passage were recorded by the researcher through 

App1 and App2. The stability in internet connectivity was ensured with speed test by 

Ookla, (https://www.speedtest.net/) and the data collection was done only when the 

internet speed was between 60-70 megabytes per second (Mbps). After the online 

session, the participants were instructed to record the phonation and passage through 

their mobile phone and send it to the researcher through mail. All the samples were 

stored in laptop or PC for further analysis. 

 

 

https://www.speedtest.net/


20 

 

 

3.4 Instrumentation and Analysis 

13 acoustic parameters were analysed using the MDVP of the CSL (model 

4305) for the phonation sample of vowel /a/. For AVQI, both phonation sample /a/ and 

standardized reading passage were analysed using AVQI script in PRAAT software. 

3.4.1 Analysis using MDVP 

MDVP evaluates 33 parameters, which can be categorized under eight main 

types: such as fundamental frequency, frequency and amplitude perturbation (short and 

long term), voice break related, sub-harmonic related, voice irregularity related, noise 

related, and tremor related measures. In the current study, only the following 13 

parameters were considered to compare voice characteristics between the groups: 

1. Average fundamental frequency (MF0) – Average value of all obtained 

period to period F0 values. 

2. Standard deviation of fundamental frequency (STD) – Variation of F0 

within the analyzed voice sample. 

3. F0 tremor frequency (Fftr) – It is the frequency of most intense low 

frequency modulated signal. 

4. Amplitude tremor frequency (Fatr) – It is the frequency of most intense low 

frequency amplitude modulated signal. 

5. Jitter percentage (Jitt %) – Relative evaluation of period to period (brief 

term) variability of pitch within the analyzed speech sample. 

6. Relative average perturbation (RAP) - Relative evaluation of period to 

period (concise term) variability of pitch within the analyzed speech sample 

with smoothening factor of 3 periods. 
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7. Fundamental frequency variation (vF0) – Relative standard deviation of the 

period to period calculated fundamental frequency. 

8. Shimmer percentage (Shim %) - Relative evaluation of period to period 

(very short term) variability of peak-to-peak amplitude within the analyzed 

voice sample. 

9. Amplitude perturbation quotient (APQ) - Relative evaluation of period to 

period (very short term) variability of peak-to-peak amplitude for 11 cycles. 

10. Noise to harmonic ratio (NHR) – Average ratio of harmonic energy in the 

range of 1500-4500 Hz to harmonic energy in the range of 70-4500 Hz. 

11. Voice turbulence index (VTI) – It is the ratio of high frequency in-harmonic 

spectral energy in the range of 70-1600 Hz to spectral harmonic energy in 

the range of 1600-4500 Hz. 

12. F0 tremor intensity index (FTRI) – Average ratio of frequency magnitude 

of the lowest frequency modulation to total frequency modulation. 

13. Amplitude tremor intensity index (ATRI) – Average ratio of the amplitude 

of the most intense low amplitude modulating component to the analysed 

voice sample's total amplitude. 

3.4.2 Analysis using AVQI 

The phonation and reading samples were subjected to AVQI analysis using 

AVQI script in PRAAT software (v.6.0) (Boersma & Weenink, 2015) on Lenovo G-50 

Laptop. The AVQI analysis includes estimation of the following six parameters:- 

1. Cepstral peak prominence (CPPS) – The distance between the first 

rahmonic’s peak and the point with equal quefrency on the regression line 

through the smoothed cepstrum 
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2. Harmonic to noise ratio (HNR) – The base-10-logarithm of the ratio 

between the periodic energy and the noise energy, multiplied by 10.  

3. Shimmer local (ShimLocal) – The absolute mean difference between the 

amplitudes of successive periods, divided by the average amplitude. 

4.  Shimmer dB (SLdB) – The base-10-logarithm of the difference between the 

amplitudes of successive periods, multiplied by 20.  

5. Slope of LTAS – The difference between the energy in 0–1,000 Hz and the 

energy in 1,000–10,000 Hz of the long-term average spectrum. 

6.  Tilt of LTAS The difference between the energy in 0–1,000 Hz and the 

energy in 1,000–10,000 Hz of the trend line through the long-term average 

spectrum. 

 

3.5 Ethical consideration 

The aim and objective of the study were told to all the participants and the 

method and purpose of the study was explained. Their safety and confidentiality were 

ensured, and oral consent was taken before conducting the study. 

3.6 Data recording 

The recording was carried out in a noise-free room, and all the participants were 

instructed to sit comfortably and asked to join the researcher's meeting using App1 and 

App2 through mobile phones kept at a distance of 10 cm away from the mouth. The 

researcher recorded the meeting through online mode. For the 1st task, all the 

participants were asked to take a long breath and phonate /a/ vowel at a comfortable 

pitch and loudness level for 5-6 seconds. 3 trials of phonating the vowel /a/ was 
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recorded and the best one selected by the researcher was considered for the analysis. 

For the 2nd task, participant was asked to read the standard Kannada passage (Bengaluru 

passage) at a comfortable loudness level. Both the samples were stored in the laptop. 

After online recording, the text of the passage was sent to the participant through what's 

app. Participant was informed to record the two tasks through the voice recorder app of 

their mobile phones and then mail the recorded samples to the researcher. All samples 

were converted to .wav format, for further analysis. 

3.7 Data analysis 

Recorded samples of phonation and read text were subjected to the AVQI and 

MDVP analysis. For the AVQI analysis, 3 seconds slice was taken from the recorded 

phonations and named as 'SV' (sustained vowel). The read speech samples (89 

syllables) were named as 'CS' (continuous speech). Using the Praat software (v.6.1.51), 

the analysis was done using the AVQI script developed by Maryn et al. (2010). The 

AVQI scores were obtained on a scale of 0-10. Phonation samples were also subjected 

to MDVP analysis, and 13 acoustic parameters were extracted. 

3.8 Statistical Analysis 

The obtained MDVP and AVQI parameters were tabulated and subjected to 

statistical analysis in Statistical Package for the Social Sciences (SPSS) software 

(Version 21.0). Descriptive statistics was carried out to calculate the mean, median, and 

standard deviation for both the groups. Shapiro Wilk test and Kolmogorov-Smirnov 

test was done to test the normality. As the obtained data was non-normalized, a non-

parametric analysis was performed. That is, the Friedman's test was done to compare 

between Smartphone, App1 and App2. 
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Chapter 4 

RESULTS 

The objectives of the present study were to compare the acoustic parameters 

(AVQI and MDVP) of the voice samples of individuals with normal voice as well as 

individuals with dysphonia recorded online through two video conferencing platforms 

(apps), with the voice samples recorded directly through mobile phone. The study also 

compared the acoustic parameters of those voice samples recorded online through the 

two apps. 

 The obtained MDVP and AVQI parameters were tabulated and subjected to 

statistical analysis. The following analyses were carried out to achieve the objectives 

of the study: 

a) Estimating the mean, median and standard deviation (SD) of the MDVP and 

AVQI parameters of the voice samples recorded with Smartphone, video 

conferencing application1(App1) and video conferencing application2 

(App2). 

b) Test of normality using the Shapiro Wilk test and Kolmogorov-Smirnov test. 

c) Comparison of the acoustic parameters of normal voice samples recorded 

through Smartphone, App1 and App2, using Friedman's test. 

d)  Comparison of the acoustic parameters of dysphonic voice samples recorded 

through Smartphone, App1 and App2, using Friedman's test. 

e) Comparison of the acoustic parameters of normal voice samples recorded 

through App1 and App2, using Friedman's test. 
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f) Comparison of the acoustic parameters of dysphonic voice samples recorded 

through App1 and App2, using Friedman's test. 

4.1 Characteristics of participants 

In the present study, we considered two groups of participants. Group I included 

31 normal participants with mean age range of 23.03 years (SD =1.741), and group II 

consisted of 17 persons with Dysphonia with mean age of 37.64 years (SD= 9.816). 

Details of the group II participants are shown in Table 4.1. 

 

 

 

 

 

 

 

 

 

 

 

 



26 

 

 

Table 4.1  

Details of Group II participants 

Dysphonia 

Participants Age/Gender Degree Severity Stroboscopic examination 

S1 23/M Moderate Hoarse voice Right vocal fold polyp 

S2 40/M Moderate Hoarse voice - 

S3 50/M Moderate Hoarse voice - 

S4 51/M Severe Breathy 

voice 

Left vocal fold paralysis 

S5 45/M Moderate Hoarse voice - 

S6 26/M Mild Hoarse voice - 

S7 35/M Moderate Hoarse voice - 

S8 41/M Moderately 

severe 

Hoarse voice Sulcus vocalis 

S9 23/M Moderate Hoarse voice - 

S10 30/M Mild Hoarse voice Sulcus vocalis 

S11 44/M Moderate Hoarse voice - 

S12 40/F Mild Hoarse voice Restricted right vocal fold 

movement 

S13 30/F Moderate Breathy 

voice 

Glottic chink 

S14 25/F Moderate Hoarse voice - 

S15 47/F Moderate Hoarse voice Laryngitis 

S16 50/F Mild Hoarse voice - 

S17 40/F Mild Breathy 

voice 

Restricted right vocal fold 

movement 

Mean age range of participant in Dysphonia group = 37.64 ±9.816 
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4.2. Comparison of the acoustic parameters of normal voice samples recorded through 

Smartphone, App1 and App2 

The mean, median and standard deviation (SD) values are obtained using the 

descriptive statistics for the acoustic parameters of voice samples of group I recorded 

through Smartphone, App1, and App2. These values are tabulated in Table 4.2. 
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Table 4.2 

 Mean, SD, Median values of acoustic parameters of voice sample recordings through Smartphone, App1, and App2 in Normal group I 

 Smartphone App1 App2 

Parameters Mean SD Median Mean SD Median Mean SD Median 

MF0(Hz) 180.2 51.55 192.5 182.8 49.97 195.2 182.7 53.17 198.4 

STD(Hz) 1.944 1.042 1.787 2.529 1.498 1.899 2.357 1.394 2.071 

Fftr (Hz) 2.919 2.097 2.878 2.715 1.498 3.252 3.046 2.926 3.125 

Fatr (Hz) 2.373 2.163 2.721 2.658 2.369 3.226 2.997 2.418 2.837 

Jitt (%) 0.694 0.388 0.573 0.700 0.452 0.566 0.819 0.556 0.635 

RAP (%) 0.432 0.229 0.377 0.408 0.273 0.331 0.481 0.333 0.379 

vF0 (%) 1.058 0.394 0.966 1.265 0.603 1.096 1.453 1.087 1.057 

Shim (%) 3.596 0.939 3.311 4.736 0.948 4.642 6.061 2.753 5.050 

APQ (%) 2.801 0.838 2.629 4.311 1.274 4.144 5.342 2.598 4.343 

NHR 0.128 0.021 0.132 0.133 0.013 0.134 0.145 0.024 0.142 

VTI 0.048 0.025 0.043 0.042 0.020 0.040 0.053 0.026 0.051 

Ftri (%) 0.224 0.200 0.186 0.261 0.159 0.246 0.290 0.397 0.228 

Atri (%) 2.973 3.226 2.613 4.171 4.900 2.438 5.125 4.607 4.594 

CPPS 12.48 1.147 12.20 12.25 0.988 12.32 11.99 0.915 12.21 

HNR 14.53 2.120 14.38 14.47 2.473 13.98 14.22 2.553 14.49 

ShimLocal 9.621 1.730 9.470 10.19 2.105 10.32 9.907 2.088 10.05 

Shimmer dB 0.925 0.146 0.940 0.990 0.162 0.980 0.972 0.170 1.010 

SlopeLTAS -22.61 3.889 -22.24 -20.80 5.073 -21.07 -20.17 4.569 -19.91 

TiltLTAS -11.06 1.853 -10.73 -13.23 1.087 -13.46 -12.96 1.522 -13.33 

AVQI 4.574 0.672 4.640 4.272 0.529 4.220 4.412 0.576 4.440 
Abbreviations: MFO, Average Fundamental Frequency; STD, Standard Deviation of FO; Fftr, FO Tremor Frequency: Fatr, Amplitude Tremor Frequency; Jitt (%), Jitter Percent; 

RAP, Relative Average Perturbation; vFO, Fundamental Frequency Variation; Shim (%), Shimmer Percent; APQ, Amplitude Perturbation Quotient; NHR, Noise to Harmonic Ratio; 
VTI, Voice Turbulence Index; FTRI, FO Tremor Intensity Index; ATRI, Amplitude Tremor Intensity Index. CPPS, Cepstral Peak prominence; HNR, Harmonic to noise ratio; AVQI, 

Acoustic Voice Quality Index, App1 – video conference application 1, App2 – video conference application 2 
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The data containing values of acoustic parameters (AVQI and MDVP) were 

tested for normality using the Shapiro Wilk test and Kolmogorov-Smirnov test. Results 

showed that the data were not normally distributed (p<0.05) for the parameters such as 

MF0, STD, Fftr, Fatr, Jitt, RAP, vF0, Shim, APQ, NHR, VTI, FTRI, ATRI, CPPS, 

HNR, ShimLocal, ShimdB, SlopeLTAS, TiltLTAS, and AVQI.  Hence a non-

parametric test was performed to compare the parameters across the Smartphone, 

App1, and App2. 

To compare the acoustic parameters (MDVP and AVQI) of normal voice 

sample recorded in Smartphone, App1, and App2 Friedman's two-way analysis of 

variance was carried out. Results, as shown in the Table 4.3, revealed that there is no 

significant difference in any of the parameters other than shimmer (ꭓ2(2) = 25.74, 

p<0.05), APQ (ꭓ2 (2) = 40.25, p<0.05), NHR (ꭓ2 (2) = 12.64, p<0.05), CPPS (ꭓ2 (2) = 

7.16, p<0.05) and TiltLTAS (ꭓ2 (2) = 19.93, p<0.05). 
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Table 4.3 

Acoustic parameters with significant difference when voice sample recordings through 

Smartphone, App1 and App2 in group I were compared using Friedman’s Test. 

Group I 

SI. No Parameters  |z| p value 

1 Shimmer Smartphone-App1 0.871 0.002 

  Smartphone-App2 1.258 0.000 

2 APQ Smartphone-App1 1.161 0.000 

  Smartphone-App2 1.548 0.000 

3 NHR App1-App2 0.839 0.003 

4 CPPS Smartphone-App2 0.677 0.023 

5 TiltLTAS Smartphone-App1 1.065 0.000 

  Smartphone-App2 0.871 0.002 

Abbreviations: Shim (%), Shimmer Percent; APQ, Amplitude Perturbation Quotient; NHR, Noise to Harmonic Ratio; CPPS, 
Cepstral Peak prominence; App1 – video conference application 1, App2 – video conference application 2. 

 

4.2.1 Shimmer 

Friedman's test was done to find out whether there is a significant difference in 

the value of shimmer in the voice samples recorded through Smartphone, App1 and 

App2 (ꭓ2(2) = 25.74, p<0.05). As there was a significant difference, pair wise 

comparison was done between Smartphone and App1 (|z|=0.871, p<0.05), Smartphone 

and App2 (|z|=1.258, p<0.05) and between the App1 and App2 (|z|=0.387, p>0.05). As 

indicated in Figure 4.1, it is observed that shimmer value is higher in App2 than App1 

and Smartphone. 
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Figure 4.1 

Mean and SD value of Shimmer of voice sample recordings through Smartphone, App1, 

and App2 in Group I. 
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4.2.2 Amplitude perturbation quotient 

Friedman's test was done to find out whether there is a significant difference in 

the value of APQ in the voice samples recorded through Smartphone, App1 and App2 

(ꭓ2(2) = 40.25, p<0.05). As there was a significant difference, pair wise comparison 

was done between Smartphone and App1 (|z|=1.161, p<0.05), Smartphone and App2 

(|z|=1.548, p<0.05) and between the App1 and App2 (|z|=0.387, p>0.05). As indicated 

in Figure 4.2, it is observed that APQ value is higher in App2 than App1and 

Smartphone. 
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Figure 4.2 

Mean and SD, of APQ of voice sample recordings through Smartphone, App1, and 

App2 in Group I. 
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4.2.3. Noise to harmonic ratio 

Friedman's test was done to find out whether there is a significant difference in 

the value of NHR in the voice samples recorded through Smartphone, App1 and App2 

(ꭓ2(2) = 12.645, p<0.05). As there was a significant difference, pairwise comparison 

was done between Smartphone and App1 (|z|=0.129, p>0.05), Smartphone and App2 

(|z|=0.710, p>0.05) and between the App1 and App2 (|z|=0.839, p<0.05). As indicated 

in Figure 4.3, it is observed that NHR value is higher in App2 than App1and 

Smartphone. 
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Figure 4.3 

Mean and SD, of NHR of voice sample recordings through Smartphone, App1, and 

App2 in Group I. 
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4.2.4 Cepstral peak prominence 

Friedman's test was done to find out whether there is a significant difference in 

the value of CPPS in the voice samples recorded through Smartphone, App1 and App2 

(ꭓ2(2) = 7.161, p<0.05). As there was a significant difference, pairwise comparison was 

done between Smartphone and App1 (|z|=0.387, p>0.05), Smartphone and App2 

(|z|=0.677, p>0.05) and between the App1 and App2 (|z|=0.387, p>0.05). As indicated 

in Figure 4.4, it is observed that CPPS value is higher in Smartphone than App1 and 

App2. 
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Figure 4.4  

Mean and SD, of CPPS of voice sample recordings through Smartphone, App1, and 

App2 in Group I. 
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4.2.5 Tilt of Long Term Average Spectrum 

Friedman's test was done to find out whether there is a significant difference in 

the value of Tilt of LTAS in the voice samples recorded through Smartphone, App1 

and App2 (ꭓ2(2) = 19.935, p<0.05). As there was a significant difference, pair wise 

comparison was done between Smartphone and App1 (|z|=1.065, p<0.05), Smartphone 

and App2 (|z|=0.871, p<0.05) and between the App1 and App2 (|z|=0.194, p>0.05). As 

indicated in Figure 4.5, it is observed that Tilt of LTAS value is higher in App1 than 

App2 and Smartphone. 
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Figure 4.5 

 Mean and SD, of Tilt LTAS of voice sample recordings through Smartphone, App1, 

and App2 in Group I. 
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4.3 Comparison of the acoustic parameters of dysphonic voice samples recorded 

through Smartphone, App1 and App2 

The mean, median and standard deviation of the acoustic parameters in Smartphone, 

App1, and App2 of the voice samples of persons with dysphonia (Group II) are 

tabulated in Table 4.4. 
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Table 4.4 

Mean, SD, Median values of acoustic parameters of voice sample recordings through Smartphone, App1, App2 in Group II. 

 Smartphone App1 App2 

Parameters Mean SD Median Mean SD Median Mean SD Median 

MF0 (Hz) 200.0 66.40 189.3 199.8 59.99 177.4 192.3 52.90 171.2 

STD (Hz) 11.44 19.27 4.541 12.43 12.91 7.925 8.786 11.73 4.283 

Fftr (Hz) 3.218 2.590 3.175 4.253 2.523 3.279 3.863 2.528 3.252 

Fatr (Hz) 3.108 2.492 2.500 2.597 2.575 2.523 3.091 2.888 3.030 

Jitt (%) 1.893 1.700 1.321 1.711 1.292 1.071 2.115 1.161 1.788 

RAP (%) 1.156 1.080 0.798 0.998 0.745 0.650 1.250 0.682 1.061 

vF0 (%) 5.206 7.901 2.158 4.169 5.506 1.991 6.928 7.981 3.914 

Shim (%) 7.170 3.932 6.705 7.559 3.795 6.267 8.851 2.656 7.790 

APQ (%) 5.402 2.227 5.162 6.382 3.115 5.565 7.936 2.835 7.218 

NHR 0.198 0.126 0.152 0.157 0.057 0.141 0.174 0.053 0.158 

VTI 0.047 0.024 0.047 0.048 0.022 0.045 0.044 0.019 0.045 

Ftri (%) 0.890 2.369 0.315 0.593 0.488 0.360 0.636 0.654 0.559 

Atri (%) 4.694 4.747 3.885 6.033 6.882 4.181 5.935 7.755 1.805 

CPPS 11.19 1.552 11.07 11.52 1.202 11.82 11.39 1.449 11.51 

HNR 14.37 2.187 14.07 13.83 2.427 13.94 13.98 2.964 13.02 

ShimLocal 10.01 1.865 9.870 10.01 2.971 10.57 11.03 2.309 11.80 

ShimmerdB 0.980 0.156 1.020 1.038 0.131 1.010 1.045 0.188 1.110 

SlopeLTAS -21.77 3.182 -21.08 -20.88 3.767 -21.10 -20.40 3.692 -20.44 

TiltLTAS -11.98 1.691 -12.51 -13.02 1.515 -13.39 -13.07 1.388 -13.66 

AVQI 4.747 0.775 4.910 4.600 0.681 4.730 4.510 0.728 4.680 
Abbreviations: MFO, Average Fundamental Frequency; STD, Standard Deviation of FO; Fftr, FO Tremor Frequency: Fatr, Amplitude Tremor Frequency; Jitt (%), Jitter Percent; RAP, Relative Average Perturbation; vFO, 

Fundamental Frequency Variation; Shim (%), Shimmer Percent; APQ, Amplitude Perturbation Quotient; NHR, Noise to Harmonic Ratio; VTI, Voice Turbulence Index; FTRI, FO Tremor Intensity Index; ATRI, Amplitude Tremor 
Intensity Index. CPPS, Cepstral Peak prominence; HNR, Harmonic to noise ratio; AVQI, Acoustic Voice Quality Index, App1 – video conference application 1, App2 – video conference application 2. 
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The data containing values of acoustic parameters (AVQI and MDVP) were 

tested for normality using the Shapiro Wilk test and Kolmogorov-Smirnov test. 

Distribution of the data were not normal (p<0.05) for the parameters such as MF0, STD, 

Fftr, Fatr, Jitt, RAP, vF0, Shim, APQ, NHR, VTI, FTRI, ATRI, CPPS, HNR, 

ShimLocal, ShimdB, SlopeLTAS, TiltLTAS, and AVQI.  Hence a non-parametric test 

was performed to compare the parameters across the Smartphone, App1, and App2. 

To compare the acoustic parameters (MDVP and AVQI) of Dysphonia voice 

sample recorded in Smartphone, App1, and App2, Friedman's two-way analysis of 

variance was carried out. Results, as shown in the Table 4.5, revealed that there is no 

significant difference in any of the parameters. 
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Table 4.5. 

Comparison of acoustic parameters of samples recorded through Smartphone and 

App1 & App2 values in Group II. 

Dysphonia 

Parameters ꭓ2 value p value 

MF0 (Hz) 0.567 0.753 

STD (Hz) 3.077 0.215 

Fftr (Hz) 2.133 0.344 

Fatr (Hz) 0.327 0.849 

Jitt (%) 3.656 0.161 

RAP (%) 3.469 0.177 

vF0 (%) 3.323 0.190 

Shim (%) 2.338 0.311 

APQ (%) 2.469 0.291 

NHR 3.469 0.177 

VTI 0.406 0.816 

Ftri (%) 1.477 0.478 

Atri (%) 0.250 0.882 

CPPS 1.529 0.465 

HNR 2.716 0.257 

ShimLocal 4.353 0.113 

ShimmerdB 4.455 0.108 

SlopeLTAS 4.149 0.126 

TiltLTAS 3.254 0.197 

AVQI 2.000 0.368 

Abbreviations: MFO, Average Fundamental Frequency; STD, Standard Deviation of FO; Fftr, FO Tremor Frequency: Fatr, 

Amplitude Tremor Frequency; Jitt (%), Jitter Percent; RAP, Relative Average Perturbation; vF0, Fundamental Frequency 

Variation; Shim (%), Shimmer Percent; APQ, Amplitude Perturbation Quotient; NHR, Noise to Harmonic Ratio; VTI, Voice 
Turbulence Index; FTRI, F0 Tremor Intensity Index; ATRI, Amplitude Tremor Intensity Index. CPPS, Cepstral Peak prominence; 

HNR, Harmonic to noise ratio; AVQI, Acoustic Voice Quality Index, App1 – video conference application 1, App2 – video 
conference application 2. 
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4.4 Comparison of the acoustic parameters of normal voice samples recorded 

through App1 and App2 

To compare the acoustic parameters (MDVP and AVQI) of normal voice 

sample recorded in App1, and App2, Friedman's two-way analysis of variance was 

carried out. Results, as revealed that there is no significant difference in any of the 

parameters other than NHR (ꭓ2 (2) = 12.64, p<0.05) Friedman's test was done to find 

out whether there is a significant difference in the value of NHR in the voice samples 

recorded through App1 and App2 (ꭓ2(2) = 12.645, p<0.05). As there was a significant 

difference, pairwise comparison was done between App1 and App2 (|z|=0.839, p<0.05). 

As indicated in Figure 4.6, it is observed that NHR value is higher in App2 than App1. 

Figure 4.6 

Mean and SD, of NHR of voice sample recordings through App1, and App2 in  

Group I. 

Normal
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4.5 Comparison of the acoustic parameters of dysphonic voice samples recorded 

through App1 and App2 

To compare the acoustic parameters (MDVP and AVQI) of Dysphonia voice 

sample recorded through App1 and App2, Friedman's two-way analysis of variance was 

carried out. Results, as shown in the Table 4.6, revealed that none of the parameters 

were having significant difference in App1 and App2. 
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Table 4.6.  

Comparison of acoustic parameters of samples recorded through App1 and App2 in 

Group II. 

Dysphonia 

Parameters ꭓ2 value p value 

MF0 (Hz) 0.567 0.753 

STD (Hz) 3.077 0.215 

Fftr (Hz) 2.133 0.344 

Fatr (Hz) 0.327 0.849 

Jitt (%) 3.656 0.161 

RAP (%) 3.469 0.177 

vF0 (%) 3.323 0.190 

Shim (%) 2.338 0.311 

APQ (%) 2.469 0.291 

NHR 3.469 0.177 

VTI 0.406 0.816 

Ftri (%) 1.477 0.478 

Atri (%) 0.250 0.882 

CPPS 1.529 0.465 

HNR 2.716 0.257 

ShimLocal 4.353 0.113 

ShimmerdB 4.455 0.108 

SlopeLTAS 4.149 0.126 

TiltLTAS 3.254 0.197 

AVQI 2.000 0.368 

Abbreviations: MFO, Average Fundamental Frequency; STD, Standard Deviation of FO; Fftr, FO Tremor Frequency: Fatr, 

Amplitude Tremor Frequency; Jitt (%), Jitter Percent; RAP, Relative Average Perturbation; vFO, Fundamental Frequency 

Variation; Shim (%), Shimmer Percent; APQ, Amplitude Perturbation Quotient; NHR, Noise to Harmonic Ratio; VTI, Voice 
Turbulence Index; FTRI, FO Tremor Intensity Index; ATRI, Amplitude Tremor Intensity Index. CPPS, Cepstral Peak prominence; 

HNR, Harmonic to noise ratio; AVQI, Acoustic Voice Quality Index, App1 – video conference application 1, App2 – video 
conference application 2. 
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Chapter 5 

DISCUSSION 

We attempted to answer the following questions in the present study: 

1. Is there any difference in the acoustic parameters (AVQI & MDVP) of the 

voice samples of individuals with normal voice, recorded online through 

App1 and App2, with the voice samples recorded directly through mobile 

phone? 

2. Is there any difference in the acoustic parameters (AVQI & MDVP) of the 

voice samples of individuals with Dysphonia, recorded online through App1 

and App2, with the voice samples recorded directly through mobile phone? 

3. Is there any difference in the acoustic parameters (AVQI & MDVP) of the 

voice samples of individuals with normal voice, recorded online through 

App1 with the samples recorded through App2? 

4. Is there any difference in the acoustic parameters (AVQI & MDVP) of the 

voice samples of individuals with Dysphonia, recorded online through 

App1with the samples recorded through App2? 

5. Are the voice samples recorded through App1 and App2 suitable for voice 

evaluation? Among the two Apps, which one is the most suitable? 

 

5.1 Selection of participants and their characteristics 

A total of 48 literate, Kannada speaking adults within the age range of 20-50 years 

were recruited for the study in two groups. Group I included 31 normal participants 

with a mean age range of 23.03 years (SD =1.741, Male=15 Female= 16), and group II 

consisted of 17 persons with Dysphonia with a mean age of 37.64 years (SD= 9.816, 
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Male=11 and Female= 6). All the participants have mobile phones within the price 

range of Rs.10,000-20,000/- with App1 and App2 installed in their mobile phones. 

Participants with normal speech (including voice) and language, hearing, and intact 

cognition were included in group I. Participants in group II were individuals who were 

diagnosed with Dysphonia and without any co-morbid condition. Through the speed 

test by Ookla, (https://www.speedtest.net/), it was ensured that the online recording was 

done only when the internet speed was between 60-70 megabytes per second. 

 

5.2  Difference between the acoustic parameters (AVQI & MDVP) of the voice 

samples of individuals with normal voice, recorded online through App1 and 

App2, and the voice samples recorded directly through mobile phone 

When the acoustic parameters (MDVP and AVQI) of the voice samples of 

individuals with normal voice, recorded online through App1 and App2, were 

compared with the voice samples recorded directly through mobile phone, no 

significant difference was observed in any of the parameters other than shimmer, APQ, 

NHR, CPPS, TiltLTAS. 

As the shimmer and APQ values increase, voice quality decreases (Muta et al., 

1988). A significant difference was observed between the samples recorded through 

mobile phone and App1 and mobile phone and App2 for the parameters such as 

Shimmer and APQ. Previous studies (Winholtz & Titze, 1998) have reported that 

amplitude perturbation is more sensitive to instrumental or ambient noise compared to 

frequency-related measures. Shimmer values are adversely affected by background 

noise across devices (Carson et al., 2003; Lebacq et al., 2017). As these samples were 

https://www.speedtest.net/


44 

 

 

recorded online through App1 and App2, it may be possible that the ambient noise must 

also have influenced the recording. Similar findings are supported by (Maryn et al., 

2017; Weerathunge et al., 2021) 

Noise to harmonic ratio (NHR) is the ratio of a periodic noise signal to periodic 

harmonic signal. Higher NHR values are indicative of higher noise component in the 

signal, which indicates abnormality in voice (Titze, 1995). A significant difference was 

observed in noise to harmonic ratio between the samples recorded through mobile 

phone and App2. In contrast, no significant difference was observed between recording 

of mobile phones and App1. Lebacq et al., 2017 opined that signal processing occurs 

in some mobile phones, affecting noise to the harmonic ratio when formant changes are 

introduced. In samples recorded with App2, these formant changes must have occurred 

which might have disturbed the NHR (Weerathunge et al., 2021). 

Cepstral peak prominence measures the degree of harmonic organization or 

configuration in the spectrum. Decrease in CPPS show abnormality in voice 

(Hillenbrand et al., 1994; Hillenbrand & Houde, 1996). A significant difference was 

also observed in cepstral peak prominence between the samples recorded through 

mobile phone and App2, whereas no significant difference between the mobile phone 

and App1. CPPS was found to be consistently lower in App2 compared to mobile 

phones. Lower the value, the chance of abnormality in the voice. Higher the value of 

CPPS indicates better voice quality (Hillenbrand et al., 1994; Hillenbrand & Houde, 

1996). 

Tilt of LTAS is the ratio of energy in the low frequency and energy in the high-

frequency. A steeper LTAS indicates that the difference between energies of low and 
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high-frequency. Thus a greater spectral tilt reduces voice quality as reported by 

Löfqvist and Mandersson (1987). Significant differences were observed in the tilt of 

LTAS between the samples recorded through mobile phones and App1 as well as 

between the samples recorded through mobile phones and App2. The Tilt of LTAS 

parameter shows the highest relative random error that will reduce the mean relative 

across the mobile phones (Schaeffler et al., 2019). This supported our study because 

the mean values of Tilt of LTAS in samples recorded through App1 and App2 were 

high compared to mobile phones. 

5.3 Difference between the acoustic parameters (AVQI & MDVP) of the voice 

samples of individuals with dysphonia, recorded online through App1 and 

App2, and the voice samples recorded directly through mobile phone 

 Lee et al., 2018; Lin et al., 2012; Vogel et al., 2014 and Yun, 2015 have analysed 

voice samples recorded directly through mobile phones and found that these recordings 

are suitable for voice analysis. The present study did not show any significant difference 

between the acoustic parameters (AVQI & MDVP) of the voice samples of individuals 

with dysphonia, recorded online through App1 and App2, and the voice samples 

recorded directly through mobile phone. Samples recorded through App1 & App2 can 

be used for voice analysis. 
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Figure 5.1 

Waveform of voice sample for phonation /a/ recorded through App2 in Group II. 

 

 

Figure 5.2 

Waveform of voice sample for phonation /a/ recorded through App2 in Group I. 

 

 In dysphonic voice, abnormal glottal resistance during phonation (e.g., vocal fold 

paralysis, vocal nodules, polyps) results in inadequate vocal fold approximation, adding 

a significant amount of noise to the signal. This will further lead to more aperiodic 

signals so that noise and perturbation will increase in hoarse voice (Isshiki et al., 1966). 

As shown in Figure 5.1, more of aperiodic variability of the signal is observed in 

Dysphonia group and signal compression is observed after 1.5 seconds. In Figure 5.2, 

there was more periodic signals and less variability in the signal compression in the 

normal group. Comparison of the mean and SD values between the Smartphone, App1 

and App2 shows little variation across the parameters such as shimmer, APQ, NHR, 
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CPPS, TiltLTAS. However, we could not observe a significant difference in dysphonia 

group (Group II) whereas in normal group (Group I) a significant difference was 

observed in these parameters. 

5.4 Difference in the acoustic parameters (AVQI & MDVP) of the voice samples 

of individuals with normal voice, recorded online through App1 and App2 

No significant difference was observed in any of the parameters other than 

NHR, when the voice samples of individuals with normal voice recorded through App1 

were compared with the samples recorded through App2. App2 NHR is higher than 

App1. Higher value of NHR indicates the lower voice quality (Titze, 1995). 

5.5 Difference in the acoustic parameters (AVQI & MDVP) of the voice samples 

of individuals with Dysphonia, recorded online through App1 and App2 

The voice sample recorded through telepractice undergoes noise suppression 

that detects sustained sounds and reduces intensity (Gunawan et al., 2014; Jagadeesan 

et al., 2006; Weerathunge et al., 2021). This could affect the acoustic measurement, and 

more of aperiodic signal noise perturbation present in dysphonia group, will lead to 

hoarseness voice (Isshiki et al., 1966). By comparing Mean and SD value, little 

variation was observed between App1 and App2 in dysphonia group whereas 

significant difference was observed for NHR in normal group. As NHR value increases 

the voice quality decreases (Titze, 1995). 
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5.6 Suitability of the voice samples recorded through App1 or App2 for voice 

evaluation 

Table 5.1 

Parameters of significant difference between the recording media in normal and 

dysphonic voice samples 

 

Sl. 

No. 

Normal voice samples Dysphonic voice samples 

Between 

mobile 

phone 

recording 

and App1 

Between 

mobile 

phone 

recording 

and App2 

Between 

App1 and 

App2 

Between 

mobile 

phone 

recording 

and App1 

Between 

mobile 

phone 

recording 

and App2 

Between 

App1 

and 

App2 

1. Shimmer Shimmer NHR - - - 

2. APQ APQ - - - - 

3. TiltLTAS TiltLTAS - - - - 

4. - CPPS -  - - - 

-No significant difference across any parameter 

Several researchers (Lee et al., 2018; Lin et al., 2012; Vogel et al., 2014; Yun, 

2015) have analysed voice samples recorded directly through mobile phones and found 

that these recordings are suitable for voice assessment. As shown in Table 5.1, for 

persons with dysphonia, there is no significant difference between the samples recorded 

through App1 or App2 when compared with mobile phone recordings. Hence, it can be 

concluded that samples recorded with App1 and App2 are suitable for voice evaluation. 
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5.7 Better App for voice evaluation 

 In the normal group, as shown in Table 5.2 (Mean, SD and Median), parameters 

such as Shimmer, APQ, NHR, and Tilt of LTAS was observed to be higher in App2. 

The shimmer and APQ values are increased as voice quality decreases as reported by 

Muta et al. (1988). NHR was higher in App2, higher the values indicate noise 

component in the signal, which indicates an abnormality in voice (Titze 1995). A tilt of 

LTAS is greater in App2  which reduces voice quality reduces as reported by Löfqvist 

& Mandersson, (1987). CPPS is lower in App2, lower values in CPPS show 

abnormality in voice (Hillenbrand et al., 1994; Hillenbrand & Houde, 1996).  In normal 

group Shimmer, APQ, NHR and Tilt of LTAS was higher in App2 and CPPS value is 

lower in App2. App2 shows similar result in the dysphonic group, so we can conclude 

that App1 is better for recording voice for voice evaluation than App2. 

 

Table 5.2 

Mean, SD, Median values of acoustic parameters of voice sample recordings through 

Smartphone, App1, andApp2 in normal group Ⅰ 

  App1   App2  

Parameters Mean SD Median Mean SD Median 

Shim (%) 4.736 0.948 4.642 6.061 2.753 5.050 

APQ (%) 4.311 1.274 4.144 5.342 2.598 4.343 

NHR 0.133 0.013 0.134 0.145 0.024 0.142 

CPPS 12.25 0.988 12.32 11.99 0.915 12.21 

TiltLTAS -13.23 1.087 -13.46 -12.96 1.522 -13.33 

Abbreviations: Shim (%), Shimmer Percent; APQ, Amplitude Perturbation Quotient; NHR, Noise to Harmonic Ratio; CPPS, Cepstral Peak 
prominence; App1 – video conference application 1, App2 – video conference application 2. 
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Chapter 6 

SUMMARY AND CONCLUSIONS 

Aim of the present study was to determine whether the voice samples, recorded 

online through two widely used video conferencing apps (App1 and App2), are suitable 

for assessment of voice characteristics. To find the suitability, the acoustic parameters 

of the voice samples recorded directly through mobile phones were compared with 

those of voice samples recorded online using the two apps. 

A total of 48 literate Kannada speaking adults, within the age range of 20-50 

years, participated in the study in two groups. Group I included 31 normal participants 

(15 Male and 16 Female) with a mean age range of 23.03 years (SD =1.741), and group 

II consisted of 17 persons with dysphonia (11 Male and 6 Female) with a mean age of 

37.64 years (SD= 9.816). The researcher used two of the most widely used video 

conferencing apps, i.e., App1 and App2. 

Voice samples of all participants were recorded for sustained phonation of /a/ 

and a standardized passage in Kannada. 20 acoustic parameters of the recorded voice 

samples were analysed using the MDVP of the CSL-model 4305 and AVQI. 

6.1 Important results of the study 

The important findings of the study are summarized below: - 

• For persons with Dysphonia, no significant difference was found in any of the 

parameters between voice samples recorded using Smartphone and App1, 

between voice samples recorded using Smartphone and App2 and between 

voice samples recorded using App1 and App2. Hence, both App1 and App2 are 

suitable for recording voice samples for voice analysis. 
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• App1 was found to be slightly better than App2 for recording voice samples for 

voice analysis 

• For normal participants, significant difference was observed in parameters such 

as shimmer, APQ, NHR, CPPS, and TiltLTAS between voice samples of 

Smartphone and App1 as well as between voice samples recorded using 

Smartphone and App2. 

• For normal participants, for the parameter Noise to Harmonic Ratio (NHR), 

significant difference was observed between the voice samples recorded using 

App1 and App2 

• For normal participants, for the parameter Cepstral Peak Prominence (CPPS), a 

significant difference was found between voice samples recorded using 

Smartphone and App2. 

6.2 Implications of the study 

• The study has established that voice samples recorded using video conferencing 

apps, App1 and App2 are suitable for acoustic analysis. Hence, voice samples 

recorded online using App1 and App2 can be used for assessment of voice 

disorders through acoustic analysis. This opens up the possibility of tele-

assessment of voice disorders. 

6.3 Limitations of the present study 

• In the present study, comparison between the voice samples recorded through 

mobile phones and apps were done on the basis of acoustic parameters. 

Perceptual evaluation was not done for comparison. 
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• The subjects used their own mobile phones for direct recording as well as for 

connecting to the researcher through App1 and App2. Even though the price 

range of the mobile phones used were specified, the difference in the features 

between the mobile phones were not considered while comparing the samples. 

• Voice samples recorded through mobile phones were taken as the reference for 

comparison. This was based on the earlier studies (Lee et al., 2018; Lin et al., 

2012; Vogel et al., 2014; Yun, 2015) which proved that samples recorded 

through mobile phones are suitable for acoustic analysis. Moreover, in the 

present pandemic situation, it was not practically feasible to record the voice 

samples of the participants directly using standard recording devices such as 

digital recorders. 

6.4 Future recommendations 

• Future studies can record the voice samples directly using standard recording 

devices and use them as the reference for comparison. 

• The perceptual assessment may also be done along with acoustic analysis for 

validation. 

• The variability in the values of acoustic parameters of the voice samples 

recorded through different models and types of mobile phones may be 

investigated. 

6.5 Significance of the results of the study 

 The significance of the results of the present study should be seen in the following 

context. Telepractice was not effectively utilized for assessment of voice disorders, as 

it was doubtful whether the voice samples recorded online are suitable for analysis 
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leading to assessment. The present study has established the suitability of using voice 

samples recorded through video conferencing apps for acoustic analysis and thus 

opened up the possibility of utilizing telepractice for assessment of voice disorders. 

This will be extremely useful in the present pandemic situation, where the client is 

unable to visit the clinic for assessment. Moreover, persons with voice disorders will 

be able to enjoy other benefits of telepractice such as reduced time and assured 

availability of clinician. 
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Appendix 

KANNADA PASSAGE 

 

ಬ ೆಂಗಳೂರು ನಮ್ಮ ರಾಜ್ಯದ ಒೆಂದು ದ ೊಡ್ಡ ಊರು. 

ಈ ಊರನುು ನಮ್ಮ ರಾಜ್ಯದ  ‘ಬ ೊೆಂಬಾಯಿ’ ಎನುುವರು. 

ಇೆಂಡಿಯಾದ ದ ೊಡ್ಡ ನಗರಗಳಲ್ಲಿ ಇದೊ ಒೆಂದು. 

ಈ ಊರನುು ನ ೊೋಡ್ಲು ಜ್ನರು ಬ ೋರ ಬ ೋರ  ಊರುಗಳೆಂದ ಬರುವರು. 

ಇದಲಿದ  ನಮ್ಮ ರಾಜ್ಯದಲ್ಲಿರುವ ಬ ೋಲೊರು, ಜ ೊೋಗ, ನೆಂದಿ, 

ಇವುಗಳನುು ನ ೊೋಡ್ಲು ಜ್ನರು ಬರುವರು. 

ಈ ನಾಡಿನಲ್ಲಿ ರ ೋಷ್ ಮಯನುು ಬ ಳ ಯುವರು. 


