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KEYWORDS Abstract 

Multi-Dimensional Voice Aim: 

Profile, Fundamental The aim of this study is to develop normative measures of selected vocal acoustic parameters among 

Frequency, Jitter, Relative females aged 6 to 70 years. The following parameters were selected for analysis: Fundamental 

Average Perturbation, 

Shimmer, and Noise to 

Harmonic Ratio. 

Frequency (Fo), Jitter, Relative Average Perturbation (RAP), Shimmer (dB), and Noise to Harmonic 
Ratio (NHR). 

Methods: 

A total of 270 female participants were included in the study, with 30 individuals in each of the 9 age 
groups. Each participant provided a phonation of the vowel /a/ for analysis. 

Material: 

The vowel /a/ was used as the stimulus for vocal recording. The Computerized Speech Lab (CSL 
4500B) software module for Multi-Dimensional Voice Profile (MDVP) was utilized to analyze the 

vocal responses. 

Results: 
The results revealed significant differences in all the vocal parameters across the age groups. These 

differences reflect the age-related changes in the acoustic characteristics of the female voice. 

Conclusion: 
This study provides a comprehensive assessment of the acoustic variations in the female voice across a 

broad age range, offering valuable insights into the effects of aging on vocal quality. By employing 

standardized recording techniques and advanced acoustic analysis methods, this research adds to the 

growing body of literature on vocal changes throughout the human lifespan. The findings can serve as a 
reference for future studies in clinical voice assessment, speech therapy, and voice technology. 
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Inrtoduction 

A person's voice changes substantially through their lives because of hormonal, physiological, and 

anatomical factors. These modifications modify the acoustic properties of females, which are 

measurable indicators of vocal quality and stability. During childhood, female voices often have a 

higher fundamental frequency due to their shorter vocal folds and smaller vocal tract dimensions. The 

distinct acoustic characteristics of adolescent and adult voices are caused by hormonal changes that 
lower pitch and alter vocal stability as puberty approaches near.Acoustic parameters of voice can vary 

significantly in older adulthood, where the aging process often leads to greater vocal roughness, 

breathiness, and reduced intensity (Sataloff, 1991). 
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Children's voices have a higher fundamental frequency because their vocal folds are thinner and 

more elastic. Children's voices typically have an F0 above 250 Hz, which gradually decreases as the 

vocal tract matures, per a 1995 study by Kent and Vorperian. Further studies by Baken (1987) and 

Hollien et al. (1994) have shown that both frequency and intensity fluctuate rapidly during 

adolescence, particularly around puberty, when hormonal factors begin to alter the larynx and vocal 

folds. A decrease in F0 and an increase in amplitude fluctuation are common features of these 

changes, which set the stage for adult vocal characteristics. 

As female voices develop, their acoustic characteristics largely stay constant, albeit little changes 

continue to occur. According to research by Stathopoulos et al. (2011), adult female F0 typically 

stabilizes between 180 and 220 Hz, while there are individual differences. According to Kreiman et 

al. (1993), adult female voices contain a high harmonic component relative to noise, preserving a 

favourable harmonics-to-noise ratio (HNR). 

According to Linville (2001), older adult females often exhibit a gradual drop in F0, which results in a 

weaker, perhaps "gravelly" vocal sound. Research by Nishio and Niimi (2008) and Torre and Barlow 

(2009) also suggest increased jitter and shimmer, which exhibit instability in both pitch and loudness. 

Additionally, there is often a drop in HNR, which makes the vocal quality harsh or breathy as the 

noise overpowers the harmonic components. 

Typical elements of the methodology include standardized voice recording protocols, acoustic 

analysis using tools such as the Multi-Dimensional Voice Program (MDVP), statistical techniques 

like ANOVA to assess the variances in significant vocal parameters, and careful participant selection 

(Titze, 2000; Hillenbrand et al., 1995). 

These methodologies enable a detailed understanding of how vocal characteristics change over time, 

providing essential data for clinical and technological applications. 

Need for the Study 

The human voice is an essential component of communication, and its acoustic characteristics can 

reveal important information about changes in the body and in growth. To assess the health and 

quality of the voice, vocal characteristics including Fundamental Frequency (F0), Jitter, Relative 

Average Perturbation (RAP), Shimmer (dB), and Noise to Harmonic Ratio (NHR) are crucial. 

Nevertheless, the majority of studies on vocal acoustic characteristics have either been restricted to 
clinical populations or have concentrated on particular age groups. Comprehensive studies that look at 

vocal parameters throughout a wide age range are scarce, particularly for healthy females. 

Aim of the Study 

The focus of this study is to examine specific voice acoustic parameters in females between the ages 

of 6 to70 in order to determine how these parameters change as people age. 

Objectives of the Study 

1. To examine the Fundamental Frequency (F0) of the voice within and between female groups 

of different age ranges. 

2. To assess the Jitter (frequency variation) of the voice within and between female groups of 

different age ranges. 

3. To investigate the Relative Average Perturbation (RAP), a measure of frequency perturbation, 

within and between female groups of varying age groups. 

4. To evaluate the Shimmer (dB), a measure of amplitude variation, within and between female 

groups across the age spectrum. 

5. To analyze the Noise to Harmonic Ratio (NHR), which reflects the harmonic quality of the 

voice, within and between female groups of different ages. 

Method 

The current study proposal was approved by the Institutional Ethical Committee, and the ethical 

clearance number is 1427(A)/2018. 

Participants 

There were 270 female participants in the current study, with ages ranging from 6 to 70 years. 

There were 30 individuals in each of the 9 groups that were selected. To make sure they were suitable 

for the study, each participant's hearing and health-related characteristics were carefully assessed. All 

adult participants gave their informed consent before the study started, and the parents or guardians of 
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minor participants provided their informed consent and consent forms. All participants were 

guaranteed to be fully informed about the goals and methods of the study thanks to this process. 

Inclusion Criteria 

a) Healthy females aged between 6 to 70 years. 

b) Ability to understand and follow general verbal communication instructions. 

Instrument and Procedures: 

CSL  4500b  Software  (KAY  PENTAX,  New  Jersey,  USA)  –  MDVP  Module: 

The CSL 4500b software, specifically the Multi-Dimensional Voice Profile (MDVP) module, was used 

to analyze the voice samples obtained from each participant. This software provided a detailed analysis 

of key vocal parameters, such as Fundamental frequency, jitter, shimmer (dB), RAP and noise-to- 

harmonic ratio, from which values were derived for further statistical analysis. All minor participants' 

parents or guardians filled out informed consent papers. Additionally, through the students' records, 

demographic information and medical histories were gathered from the parents and teachers of each 

class. Every test was conducted in a soundproof room. The participants were told to sit up straight and 

keep 10centimetres away from the microphone. The stimulus was the vowel /a/, and each participant 

was instructed to phonate the vowel for at least five seconds at a reasonable volume while taking a 

slow, gentle breath. The selected samples were then processed using the MDVP module of the CSL 

4500b software for acoustic analysis, with a sampling rate of 44,100 Hz. The following 5 parameters 

were considered for statistical analysise.g.Fundamental Frequency (F0),Jitter, Relative Average 

Perturbation (RAP), Shimmer (dB) and Noise-to-Harmonic Ratio (NHR). 

The values for these parameters, obtained from the vowel /a/, were computed and subjected to 

statistical analysis. The mean and standard deviation (SD) for each parameter were calculated. An 

ANOVA test was performed to identify significant differences in the MDVP parameters both within 

and between the various female age groups based on their phonation of the vowel /a/. 

Results and Discussion 

Table 1:Mean and Standard Deviation of Acoustic Parameters (F0, Jitter, Relative Average 

Perturbation, Shimmer (dB), and Noise to Harmonic Ratio (NHR) across Female Age Groups 
 

 

  

 

 
N 

 

 

 
Mean 

 

Std. 

Deviation 

 

Std. 

Error 

95% Confidence 

Interval for Mean 

 

 

 
Minimum 

 

 

 
Maximum 

Lower 

Bound 

Upper 

Bound 

Avg 6 - 9 30 277.55343 26.687060 4.872368 267.58832 287.51855 228.753 350.130 

Fo 9 - 30 258.72360 22.076339 4.030570 250.48016 266.96704 223.038 298.292 
 12         

 12  - 30 217.73500 36.616431 6.685215 204.06220 231.40780 165.400 313.200 
 15         

 16  - 30 226.85367 21.058870 3.844806 218.99016 234.71718 188.270 271.390 
 20         

 21  - 30 224.79833 19.358468 3.534356 217.56976 232.02690 188.270 257.639 
 30         

 31  - 30 222.77293 27.709195 5.058984 212.42615 233.11972 166.474 284.650 
 40         

 41  - 30 222.77293 27.709195 5.058984 212.42615 233.11972 166.474 284.650 
 50         

 51  - 30 214.86093 25.030888 4.569994 205.51425 224.20762 166.474 276.400 
 60         

 61  - 30 212.04587 20.947607 3.824492 204.22390 219.86783 178.343 256.660 
 70         

 Total 270 230.90186 32.862156 1.999927 226.96436 234.83936 165.400 350.130 

Jitt 6 - 9 30 1.53093 1.388223 0.253454 1.01256 2.04930 0.034 6.738 
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 9 - 30 4.73127 1.873164 0.341991 4.03182 5.43072 1.973 8.083 

12          

12 - 30 0.74687 0.657394 0.120023 0.50139 0.99234 0.280 3.070 

15          

16 - 30 1.11567 0.806554 0.147256 0.81449 1.41684 0.160 3.110 

20          

21 - 30 1.10050 0.778714 0.142173 0.80972 1.39128 0.320 3.110 

30          

31 - 30 1.09120 0.994962 0.181654 0.71968 1.46272 0.180 4.669 

40          

41 - 30 1.09120 0.994962 0.181654 0.71968 1.46272 0.180 4.669 

50          

51 - 30 0.87033 0.526392 0.096106 0.67378 1.06689 0.247 2.900 

60          

61 - 30 0.83567 0.579522 0.105806 0.61927 1.05206 0.059 3.110 

70          

Total 270 1.45707 1.561595 0.095036 1.26996 1.64418 0.034 8.083 

RAP 6 - 9 30 0.95350 0.526085 0.096049 0.75706 1.14994 0.069 1.875 

 9 - 30 1.60030 0.398227 0.072706 1.45160 1.74900 1.033 2.193 
 12          

 12 - 30 0.44590 0.416604 0.076061 0.29034 0.60146 0.160 1.920 
 15          

 16 - 30 0.74700 0.627794 0.114619 0.51258 0.98142 0.090 2.440 
 20          

 21 - 30 0.74177 0.552382 0.100851 0.53550 0.94803 0.188 1.890 
 30          

 31 - 30 0.72033 0.682270 0.124565 0.46557 0.97510 0.130 2.752 
 40          

 41 - 30 0.72033 0.682270 0.124565 0.46557 0.97510 0.130 2.752 
 50          

 51 - 30 0.57393 0.431739 0.078824 0.41272 0.73515 0.125 2.030 
 60          

 61 - 30 0.51457 0.332690 0.060741 0.39034 0.63880 0.188 1.890 
 70          

 Total 270 0.77974 0.614771 0.037414 0.70608 0.85340 0.069 2.752 

ShdB 6 - 9 30 0.87833 0.428560 0.078244 0.71831 1.03836 0.186 1.983 

 9 - 30 1.09150 0.426167 0.077807 0.93237 1.25063 0.327 1.938 
 12          

 12 - 30 0.40787 0.164106 0.029961 0.34659 0.46914 0.200 0.890 
 15          

 16 - 30 0.41727 0.163090 0.029776 0.35637 0.47817 0.170 0.750 
 20          

 21 - 30 0.38883 0.148576 0.027126 0.33335 0.44431 0.200 0.750 
 30          

 31 - 30 0.35287 0.247406 0.045170 0.26048 0.44525 0.119 1.146 
 40          

 41 - 30 0.35287 0.247406 0.045170 0.26048 0.44525 0.119 1.146 
 50          

 51 - 30 0.33697 0.139829 0.025529 0.28475 0.38918 0.121 0.750 
 60          

 61 - 30 0.28663 0.135287 0.024700 0.23612 0.33715 0.103 0.611 
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 70         

Total 270 0.50146 0.368439 0.022423 0.45731 0.54561 0.103 1.983 

NHR 6 - 9 30 0.19263 0.168940 0.030844 0.12955 0.25572 0.020 0.865 

 9 - 30 0.29163 0.198374 0.036218 0.21756 0.36571 0.022 0.830 
 12         

 12  - 30 0.13367 0.036623 0.006686 0.11999 0.14734 0.090 0.240 
 15         

 16  - 30 0.13233 0.056974 0.010402 0.11106 0.15361 0.020 0.300 
 20         

 21  - 30 0.12563 0.021092 0.003851 0.11776 0.13351 0.090 0.190 
 30         

 31  - 30 0.13107 0.058914 0.010756 0.10907 0.15307 0.020 0.410 
 40         

 41  - 30 0.13140 0.058289 0.010642 0.10963 0.15317 0.030 0.410 
 50         

 51  - 30 0.24500 0.247258 0.045143 0.15267 0.33733 0.090 0.985 
 60         

 61  - 30 0.15331 0.047726 0.008713 0.13549 0.17113 0.090 0.256 
 70         

 Total 270 0.17074 0.136616 0.008314 0.15437 0.18711 0.020 0.985 

 
The above table 1 represents the mean and its SD values of Fundemadal frequency (F0), Jitter, 

Relative average perturbation (RAP), Shimmer (dB) and Noise to harmonic Ratio(NHR) among 

female participants. 

The analysis of voice parameters across different age groups in female participants reveals several key 

trends that reflect changes in vocal characteristics with age. Below is a revised version of the analysis, 

incorporating references to existing literature that support the observed trends. 

Fundamental Frequency (F0) 

The data show a gradual decrease in F0 as age increases, with a marked drop from 277.55 Hz in the 6- 

9 years age group to 212.05 Hz in the 60-70 years age group. This finding aligns with previous 

research, which suggests that F0, or the pitch of the voice, tends to decline with age, particularly after 

the third decade of life (Titze, 2000). The decrease in F0 is often attributed to changes in the laryngeal 

muscles and the overall structural alterations in the vocal cords as individuals age (Sundberg, 1987). 

Jitter (Frequency Perturbation) 

Jitter, which reflects the variability in the frequency of vocal fold oscillations, exhibits a rise in values 

between ages 9 to 12 years(Jittermean: 4.73) , after which it stabilizes from 16 to 50 years. However, 

there is a decline in jitter values in the 61-70 years group, dropping to 0.83. This suggests that, over 

time, the stability of the voice improves, and frequency perturbations become less noticeable. The 

trend is consistent with findings that jitter decreases in older adults, possibly due to changes in 

laryngeal flexibility and vocal fold elasticity (Hillenbrand et al., 1994). 

Relative Average Perturbation (RAP) 

RAP, which measures the long-term variability of the voice, remains relatively constantat most age 

groups, except between 9 and 12 years, where it deviates up to 1.6 . This stability supports the idea 

that, over time, the voice becomes more consistent, and the relative perturbation does not vary 

significantly with age after adolescence. Similar findings have been reported in studies on vocal 

stability, where young adult voices show less variation in RAP than voices from childhood or elderly 

individuals (Dejonckere et al., 2001). 

Shimmer (dB) 

Shimmer, which quantifies amplitude perturbation, remains close to 1.09 at 9 to 12 years of age . At 

the age range of 12 to 20 , the mean values are constant on 0.4 Similar and surprisingly between the 

age range of 21 to 50 the mean values remais the same ( 0.3) and the shimmer(dB) gradually recuces 

as age goes . This indicates that voice amplitude stability tends to stabilize over time, with minimal 
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fluctuation beyond early adolescence. Previous studies have noted that shimmer values often decrease 

with age, as the vocal fold tissues become less flexible and undergo changes in both mass and tension 

(Simberg et al., 2005). 

Noise to Harmonic Ratio (NHR) 

The NHR, which measures the amount of noise relative to the harmonic components in the voice, 

shows minimal variation across age groups, suggesting that the overall quality of the voice remains 

relatively consistent throughout the lifespan. This finding is consistent with research indicating that, 

although aging affects the fundamental frequency and perturbation measures, it does not significantly 

alter the harmonic structure of the voice (Rosen, 1992). 

Table 2: ANOVA Test Results for the Significance of differences between and within age groups on all 

Vocal Parameters Among Females 

 Sum of 

Squares df 
Mean 

Square F Sig. 

Avg 

Fo 

Between 

Groups 

117673.330 8 14709.166 22.214 0.000 

Within 

Groups 

172825.492 261 662.167   

Total 290498.822 269    

Jitt Between 

Groups 

374.161 8 46.770 43.315 0.000 

Within 

Groups 

281.817 261 1.080   

Total 655.978 269    

RAP Between 

Groups 

28.116 8 3.515 12.472 0.000 

Within 

Groups 

73.551 261 0.282   

Total 101.667 269    

ShdB Between 

Groups 

19.082 8 2.385 35.711 0.000 

Within 
Groups 

17.434 261 0.067   

Total 36.516 269    

NHR Between 

Groups 

0.868 8 0.108 6.815 0.000 

Within 
Groups 

4.153 261 0.016   

Total 5.021 269    

 

Table 2 provides the statistical significance of differences in vocal parameters (Fundamental 

Frequency (F0), Jitter, Relative Average Perturbation (RAP), Shimmer (dB), and Noise to Harmonic 

Ratio (NHR)) across different age groups of female participants. The p-value of 0.00 (p < 0.05) for all 

the parameters indicates that the differences between the age groups are statistically significant. 

A p-value less than 0.05 indicates that the observed differences in vocal parameters (F0, Jitter, RAP, 

Shimmer, and NHR) between the age groups are not due to random chance, and there is a genuine 

effect related to age. Specifically: 

1. Fundamental Frequency (F0): The significant p-value for F0 confirms that the decrease in 

pitch across age groups is statistically robust, suggesting that age has a clear impact on the 
pitch of the voice. 
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2. Jitter (Frequency Perturbation): The significant difference in jitter values across age 

groups suggests that age influences the variability in the frequency of vocal fold oscillations, 

with younger individuals showing more variability, which stabilizes as age increases. 

3. Relative Average Perturbation (RAP): The significant p-value for RAP indicates that the 

long-term variability of the voice differs across age groups, likely reflecting the increasing 

consistency of the voice with aging, as observed in the analysis. 

4. Shimmer (dB): The statistical significance for shimmer values confirms that amplitude 

perturbations vary significantly with age, potentially due to changes in vocal fold tissue and 

muscle elasticity. 

5. Noise to Harmonic Ratio (NHR): Despite minimal changes in NHR, the significant p-value 

implies that there may still be subtle differences across age groups, even if these changes are 

not as pronounced as in other vocal parameters. 

Summary and Conclusions 

The analysis of voice parameters across different age groups in female participants reveals significant 

insights into how various aspects of the voice evolve with age. Key findings include: 

1. Fundamental Frequency (F0): A steady decline in F0 was observed as age increases, with a 

substantial drop from 277.55 Hz in the 6-9 years age group to 212.05 Hz in the 60-70 years 

age group. This aligns with previous studies (Titze, 2000; Sundberg, 1987) that show F0 

decreases with age, likely due to structural changes in the vocal cords and laryngeal muscles. 

2. Jitter (Frequency Perturbation): Jitter values show an increase between ages 9-12 years, 

stabilizing from 16 to 50 years. In older age groups (60-70 years), jitter values decrease, 

indicating improved voice stability. These findings corroborate research by Hillenbrand et al. 

(1994) and Kreiman & Gerratt (2000), which highlight a reduction in jitter in older adults, 

likely due to changes in laryngeal flexibility and vocal fold elasticity. 

3. Relative Average Perturbation (RAP): RAP remains largely stable at around 1.6 across most 

age groups, with a slight deviation during the 9-12 years range. This supports the concept that 

voice consistency increases with age, a pattern observed in other studies on vocal stability 

(Dejonckere & Lousberg, 2001). 

4. Shimmer (dB): Shimmer values remain close to 1.09 across most age groups, with a slight 
fluctuation in the 9-12 years range. This stability in amplitude perturbation is consistent with 

findings from Simberg et al. (2005), who noted a reduction in shimmer with age as vocal fold 

tissues undergo changes in mass and tension. 

5. Noise to Harmonic Ratio (NHR): NHR showed minimal variation across the age groups, 

indicating that the harmonic structure of the voice remains stable throughout life. This finding 

aligns with Rosen's (1992) research, which suggests that although age affects pitch and 

perturbation measures, the harmonic structure of the voice remains relatively unchanged. 

The results conclude that there is a discernible trend toward decreasing pitch (F0) and increasing 

frequency (jitter) and amplitude (shimmer and RAP) stability as people age. Although there are age- 

related changes in these characteristics, the voice's harmonic content (NHR) stays constant. According 

to these results, age has an impact on the voice's dynamic and structural characteristics, like pitch and 

unpredictability, but it has no discernible effect on the voice's overall harmonic quality. The p-value 

of 0.00 (p < 0.05) for all vocal metrics shows that the voice traits of females in different age groups 

differ statistically significantly. The concept that vocal characteristics including pitch (F0), variability 

(jitter, RAP), amplitude (shimmer), and harmonic structure (NHR) are all quantifiably impacted by 

age is supported by this. These variations demonstrate the intricate connection that exists between the 

physiological alterations that take place in the vocal apparatus and vocal aging. This study advances 

our knowledge of vocal aging patterns by shedding light on the physiological alterations that affect 

pitch and variability as well as the characteristics of the voice that don't change over time. Future 

studies should examine potential therapies to maintain voice health in aging populations as well as the 

precise physiological mechanisms behind these changes. 
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