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Abstract

Background and Objectives: Acoustic analysis is an objective instrumental method that makes more accurate 
and reliable assessments of vocal characteristics possible. The aim of the current study was to describe the vocal 
characteristics of Filipinos with perceptually normal voices in terms of (1) fundamental frequency, (2) intensity, 
(3) frequency and intensity perturbations, (4) speaking fundamental frequency range, and (5) nasalance.
Methodology: A total of 142 healthy adults aged 18 – 53 years participated in this study. The group was 
composed of 73 men (26.9 ± 6.4 years old) and 69 women (26.1 ± 6.5 years old). Voice samples were collected 
using Computerized Speech Laboratory�� (CSL; Model 4300B) during sustained phonation of vowel /a/ and 
spontaneous speech. Nasometer�� (Model 6200-3) was used to assess nasality while participants read plosive- 
and sibilant-loaded sentences. 
Results and Conclusion: The average acoustic values for males were F₀ = 125.8 ± 23.4 Hz, SF₀ = 122.6 ± 15.6 Hz, 
SF₀ range = 85.8-269 Hz, SPL (speech) = 58.6 ± 5.3 dB, SPL (vowel) = 66.6 ± 6.2 dB, jitter = 0.92 ± 0.48%, shimmer = 
2.21 ± 0.73%, nasalance = 12.5-17.1%; for females, F₀ = 196.3 ± 23.0 Hz, SF₀ = 194.8 ± 19.0 Hz, SF₀ range = 97.1-
309.6Hz, SPL (speech) = 57.6 ± 4.3 dB, SPL (vowel) = 65.3 ± 4.5 dB, jitter = 1.12 ± 0.34%, shimmer = 2.7 ± 0.64%, 
nasalance = 13.1-19.1%. Significant differences were found between male and female subjects for F₀, SF₀, 
perturbation measures, and SPL during sustained phonation (p< 0.05). Acoustic data obtained also appear to be 
consistent with the results of local and international studies. While these can be used as tentative normative 
data for Filipinos, it is recommended that future studies be completed with more systematic analysis procedures 
and stringent participant selection to ensure balance for age, sex, and vocal history among subgroups.

Keywords: voice, acoustic measures, jitter, shimmer, nasality, Filipino

R E S E A R C H     A R T I C L E

Introduction

Overall voice quality is usually described through 
subjective or perceptual observations. While this appears 
to be the most convenient approach often utilized by 
speech pathologists engaged in clinical practice, its 
reliability is influenced by standardization issues and 
subjective ratings. In contrast, acoustic analysis is an 
objective instrumental method that makes more accurate 
and reliable assessments of vocal characteristics possible 
[1]. Acoustic analysis may also aid in recognizing a vocal 
pathology or in monitoring changes in vocal function over 
time. In treatment, objective acoustic measurements can 
also be used to improve a client's awareness of his vocal 
behaviors (i.e. biofeedback) or to document progress. 

Objective measurements significantly differ across 
cultures and gender due to linguistic, dialectal, and 
physiological factors [2,3]. Mandarin Chinese speakers 
showed higher fundamental frequencies than their 
Caucasian and African-American counterparts, while Hindi 
Indian speakers were found to have the highest shimmer 
values [3]. Thus, normative data need to be culturally-valid 
and developed locally. In the Philippine setting, published 
work regarding objective voice measurements is very 
limited. A pilot study by Delovino, Casile, and Hawson [4] 
attempted to provide baseline data for vocal acoustic 
measures involving 70 participants with no voice 
complaints. They acknowledged that additional data taken 
from the same population would be helpful to corroborate 
their findings. 
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This study presented data that, combined with the 
findings of Delovino et al. [4], contributed to the further 
development of norms for the production of voice among 
Filipinos. It also provided an initial analysis of the differences 
between male and female Filipino speakers as well as the 
possible influence of age on different acoustic voice 
measures. Findings from this study may serve as basis for 
larger and more systematic studies in the future. Normative 
data would ultimately be of use to otolaryngologists, speech 
pathologists, vocologists, and other professionals in the 
diagnosis and treatment of voice disorders or the 
development of optimal vocal performance.

Methodologies for normative voice studies share several 
common characteristics. Participants who are selected are 
usually those who have no reported history of any vocal fold 
pathology, hearing impairment, smoking, or any other health 
condition affecting voice that might be present at the time of 
testing [5-9]. Testing rooms are sound-treated to minimize 
environmental noise as noise tends to affect the fidelity of 
the recordings. Voice samples may be obtained from 
different speech tasks, such as sustained phonation of 
vowels, spontaneous speech, or oral reading [5,6,8,10-14]. 
Most studies have shown a preference for sustained vowels 
because these productions are easier to control and are less 
affected by confounding articulatory information [15]. A 
sample of an individual's connected speech, however, may 
yield fundamental frequency values that are more 
representative of the habitual fundamental frequency 
exhibited during natural conversations [11]. The data 
analyzed by Fitch [11] showed that fundamental frequency in 
isolated vowel production tended to result to fundamental 
frequency values 30-50 Hz higher than those obtained during 
spontaneous speech. 

Acoustic voice analysis involves the use of instrumentation 
to analyze the properties of sound waves. There are several 
programs available commercially, such as the Computerized 
Speech Laboratory [CSL] (Kay Elemetrics), Visi-Pitch�� (Kay 
Elemetrics), SoundScope (GW Instruments), Dr. Speech (Tiger 
Electronics), and others. These instruments are able to 
transform analog signals from the recorded sample into 
digital signals, which allows analysis of periodicity, exclude 
noise portions, voice interruptions, among others. In the 
Philippine setting, the use of the above equipment is limited 
owing to their being cost-prohibitive. In interpreting findings 
or assessing perceptual voice characteristics, speech-
language pathologists are usually involved owing to their 
experience in assessing and treating patients with voice 
disorders [12].

Acoustic voice measurements correlate with various 
perceptual qualities and pathological states [1]. Values 
typically obtained include fundamental frequency, 
intensity, and perturbation. These are then compared to 
normative data for the patient's age and sex. However, 
acoustic voice measurements are typically influenced by 
multiple factors, such as environmental noise, acquisition 
and analysis software, microphone, and variability among 
participants. Deliyski and his colleagues [16] investigated 
these factors and found that an environmental noise level 
below 30 dB distorts the voice samples of normal subjects 
to a point where it would be difficult to differentiate them 
from dysphonic subjects. They also found that fundamental 
frequency measurements are strongly affected by gender, 
intrasubject variability, and microphone type. Perturbation 
values were shown to be highly influenced by software 
systems and gender [16,17], which makes it necessary to 
perform subgroup analyses specific to these variables. 

Fundamental frequency (F₀) measures vocal fold 
vibration reported in cycles per second (cps or Hertz/Hz). 
Fundamental frequency measured during spontaneous 
speech or reading is referred to as speaking fundamental 
frequency (SF₀). Both are related to the perception of vocal 
pitch. The fundamental frequency of a speaker's voice is 
determined by the length, tension, and mass/thickness of 
his/her vocal folds during voice production. The lowest and 
highest recorded pitch frequencies produced during the 
sampling tasks constitute the frequency range [18]. Values 
deviating from the expected range during phonation may 
be indicative of pathology [19]. A higher F₀ results from an 
increased mass per unit area of the true vocal cords, as 
often is the case occurs when a speaker presents with vocal 
fold nodules or other masses that grow along the glottal 
margin [19]. 

Intensity, amplitude, or sound pressure level (SPL) is an 
acoustic measure correlated with the perception of vocal 
loudness. The range of loudness an individual can produce 
is measured as the intensity range [18]. Vocal sound 
pressure level i s  determined by the degree of 
compression of the vocal folds medially, subglottic air 
pressure, as well as coordination of respiration and neural 
mechanisms [18,19]. Healthy speakers can vary their 
vocal intensity by changing their breathing patterns to 
create the necessary subglottal air pressures [20]. In 
contrast, vocal intensities are decreased for individuals 
with respiratory illness as a result of reduced lung 
volumes or for those with vocal cord paralysis due to 
reduced glottic resistance and closure. 

Perceptually Normal Voice Production in Filipinos
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Perturbation refers to a disturbance in the regularity of a 
waveform. Changes in vocal fold mass, tension, or vibratory 
characteristics may create small, rapid, cycle-to-cycle 
changes of period or amplitude. Perturbation correlates to 
perceived roughness or harshness of the voice. Jitter 
denotes the variation of fundamental frequency across 
cycles and is expressed in percent or in microseconds. On 
the other hand, shimmer reflects irregularities in the 
intensity of a signal. While normal speakers exhibit a certain 
amount of perturbation during voicing, in principle, its 
values should lie within a specific range. High perturbation 
values are indicative of changes in vocal fold structure and 
function [22]. Individuals with breathy or hoarse voices, for 
example, exhibit increased shimmer or jitter as they cannot 
sustain a relatively constant level of loudness or pitch. 
Another crucial acoustic measure is the harmonics-to-roise 
ratio (HNR) which may be used to predict dysphonia severity 
[23]. Normative data for the local population is lacking on 
this measure.

Vocal quality may also be described in terms of quality of 
resonance. Nasalance, expressed in percent, measures the 
amount of voice resonated in the nasal versus the oral 
cavity. It is reflective of the degree of velopharyngeal 
opening in voiced speech. In individuals who exhibit 
hypernasality or hyponasality, velopharyngeal insufficiency 
is often observed [24].

The objective of the current study was to describe the 
vocal characteristics of Filipinos with perceptually normal 
voices in terms of (1) fundamental frequency, (2) intensity, 
(3) frequency and intensity perturbations, (4) speaking 
fundamental frequency range, and (5) nasalance.

Methodology

Study Design

An exploratory, cross-sectional, non-experimental research 
design was used in this study. 

Participants

A total of 142 Filipinos with ages ranging from 18 – 53 
years participated in this study;73 were males (mean age = 
26.9, SD = 6.37) and 69 females (mean age = 26.1, SD = 6.58). 
Participants were selected using convenience sampling. The 
participants had given their informed consent prior to 
testing. All participants exhibited perceptually normal speech 
and voice during eligibility assessment as determined by a 

practicing speech pathologist with 14 years of clinical 
experience working with voice patients. Hearing acuity was 
adjudged to be within normal limits based on observations 
during conversational interaction. While there was no 
reported hearing loss, participants did not undergo any 
formal hearing tests. Approximately 75-85% were non-
smokers. A majority (>90%) of the participants reported 
having no chronic respiratory illnesses, acute upper 
respiratory tract infection, allergies, colds, or similar 
conditions at the time of testing or in the recent past.  Several 
of the participants were professional voice users (e.g., 
teacher, therapist, singer, etc.). Table 1 summarizes the 
descriptive information of the participants.

Data Collection Procedure

Voice sampling was conducted in the National Institutes 
of Health (NIH) and the Clinic for Therapy Services (CTS) both 
located at the University of the Philippines Manila. Voice 
samples from 80 participant (53%) were recorded at the NIH 
and 71 (47%) were recorded at CTS. The recording was 
performed using a Shure® SM48-LC unidirectional dynamic 
microphone and the Computerized Speech Laboratory�� 
(CSL; Model 4300B, Kay Elemetrics Corp.). The CSL is an 
acoustic analysis system with robust hardware and contains 
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Table 1. Demographic Characteristics of the Participants

Males 
(N = 73)

Females 
(N = 69)

1Mean age (years) 26.9 
[18 – 51]

26.1 
[19 – 53]

Mean height (inches) 66.5 
[60 – 71]

61.8 
[57 – 68]

Mean weight (lbs.) 146.9 
[100 – 240]

111.3 
[80 – 160]

2Smoking history , yes (%) 26 14.5

Medical history is significant for

Asthma (%) 5.6 4.6

Chronic colds (%) 4.2 6.2

Sinus infection (%) 1.4 4.6

Hearing loss (%) 1.4 0

Others, not specified (%) 7.0 0

None (%) 80.4 84.6

Professional voice user, yes (%) 38.3 30.0
1Ranges are shown in brackets
2Pack-years and time since cessation of smoking not documented
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software for a variety of speech/voice operations, such as 
signal acquisition, editing, analysis and interpretation. 
Participants were asked to sit upright in a chair, keeping their 
hips and knees at approximately 90� flexion. The chair was 
positioned three (3) feet away from the examiner; the 
participant was asked to speak as they “normally would to 
someone this far away in a room like this”. Environmental 
noise levels in both testing sites were kept to a minimum. 
While both testing rooms were perceptually assessed to be 
very quiet by the examiners, only the testing room at the NIH 
was sound-treated. No actual measurement was made of 
the sound pressure levels of ambient noise in either testing 
area. Mouth-to-microphone distance was maintained at 12 
cm at a 45� angle. For nasalance testing, the Nasometer�� 
(Model 6200-3, Kay Elemetrics Corp.) was used. Each 
participant was asked to wear a headset consisting of 
separate microphones for the oral and nasal cavities 
separated by a metal plate perpendicular to the facial plane. 

Each participant was asked to perform three different 
tasks. These were first demonstrated by the investigators 
and the participants were given adequate time to practice 
each task prior to the recording. To obtain measures of 
fundamental frequency, vocal intensity, and perturbation 
(jitter and shimmer), subjects were instructed to sustain the 
vowel /a/ at a comfortable pitch and loudness for 8-10 
seconds. They were then asked to speak spontaneously (e.g. 

to describe how they got to the testing venue) for one 
minute to assess speaking fundamental frequency and vocal 
intensity. Nasalance scores were then collected as they read 
sentences loaded with plosives (e.g., “put the puppy out,” 
“tapa at baboy”) and sentences dominated by sibilants 
(e.g., “I saw Susie at the seashore,” “sasakay ako sa kotse”). 
Voice samples were analyzed using the Voicing Analysis 
Software (version 5.x) of the CSL. For sustained vowel 
phonation, the entire sample was used for analysis. Percent 
nasalance was obtained using the Nasometer��. Statistical 
analysis of the data was performed using R version 3.0.1. 

Results and Discussion

The following acoustic voice measures were extracted: (1) 
mean fundamental frequency (F₀), (2) mean speaking 
fundamental frequency (SF₀), (3) speaking fundamental 
frequency range (SF₀ range), (3), (4) mean sound pressure level 
(SPL), (5) SPL range, (6) jitter percent (jitter %), (7) shimmer 
percent (shimmer %), and (8) percent nasalance. Table 2 
summarizes the average values for these measures by gender. 
Tables 3, 4, and 5 show task-specific results. Table 6 provides a 
review of related studies, including a detailed description of 
the participants and the equipment/analysis software used.   
" Ta b l e  s h ow i n g  A co u st i c  Vo i ce  M e a s u r e m e nt s               
Obtained from Related Studies" can be found at 
<http://pjhrd.upm.edu.ph/index.php/main/article/view/190>.

Table 2. Acoustic voice measures obtained by gender

Parameter Male Female Test Statistic P- value

Fundamental Frequency (in Hz)

Fundamental frequency (F ) 0 125.8 ±23.4 196.3 ±23.0 W = 4962 p < 0.001

Speaking fundamental frequency (SF )0 122.6 ±15.6 194.8 ±19.0 W = 4913 p < 0.001

SF  Range0 85.8 – 269.3 97.1 – 309.6

Vocal intensity (in dB SPL)

SPL, connected speech 58.6 ± 5.3 57.6 ± 4.3 W = 2112.5 p = 0.128

SPL, sustained vowel phonation 57.6 ±4.3 65.3 ±4.5 W = 2033.5 p = 0.048

Perturbation (in %)

Jitter 0.92 ±0.48 1.12 ±0.34 W = 3169 p < 0.001

Shimmer 2.21 ±0.73 2.7 ±0.64 W = 3713 p < 0.001

Nasalance (in %)

Sustained vowel phonation 17.1± 18.5 19.1 ±14.3 W = 317.5 p = 0.207

Plosive-dominant sentence 17.0 ± 11.6 13.2 ±7.45 W = 214.5 p = 0.319

Sibilant-dominant sentence 12.5 ±6.22 13.1 ±5.94 W = 276 p = 0.734
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While 142 individuals agreed to participate in this study, 
nasalance was measured in only 46 due to limitations in 
equipment access and availability. Participant age was not a 
normally distributed variable as there were markedly more 
20-30 year old participants than any other age group ( Figure 
1) hence, parametric testing would not have been 
appropriate. The Wilcoxon-Rank-Sum test was done to 
examine if there were significant differences between 
acoustic measures obtained from male and female 
speakers. An alpha level of 0.05 was selected as this was an 
exploratory study. P-values are summarized in Table 2. 
Although data are also presented for age groups ranging 

from 15-45 years old, age effects could not be reliably 
assessed because of inadequate sample size for age groups 
30 to 50 years old.

Fundamental Frequency Measures (F₀, SF₀, and SF₀ Range)

The current study showed that the Filipino male 
participants exhibited a mean F₀, and mean Sf₀ of 125.8 
(±23.4) Hz, 122.6 (±15.6) Hz, respectively. The range for 
mean F₀ in male speakers was 92.9-229.5 Hz and range for 
mean SF₀ was 98.8 - 173.9 Hz. The study found that Filipino 
men exhibited a higher SF₀ than North American [11, 

Figure 1. Distribution of ages of the participants. The upper histograms show participants included in (a) voice testing, 
while the lower show those included in (b) nasalance testing.

Perceptually Normal Voice Production in Filipinos
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Sustained Vowel Phonation (/a/)

Age Group n Mean Age F  (Hz)0

Mean (SD)
SPL (dB)

Mean (SD)
Jitter (%) Shimmer (%)

Females

16 – 20
21 – 25
26 – 30
31 – 35
36 – 40
41 – 45
46 – 50
51 – 55

6
33
21
4
1
1
2
1

19.5
22.8
27.3
33.5
38.0
44.0
46.0
53.0

199.8 (25.6)
197.1(22.4)
194.0 (27.3)
192.6 (10.1)

213.2
195.8
206.1
178.6

69.6 (5.7)
65.2 (3.9)
62.5 (3.4)
68.2 (2.4)

73.4
63.1

71.0 (3.0)
67.4

1.00 (0.29)
1.07 (0.23)
1.28 (0.48)
1.09 (0.19)

1.03
0.84
0.83
1.12

2.60 (0.06)
2.88 (0.75)
2.57 (0.62)
2.66 (0.10)

2.92
2.59

2.65 (0.04)
2.51

TOTAL 69 26.1 196.3 (23.0) 65.3 (4.5) 1.12 (0.34) 2.7 (0.64)

Males

16 – 20
21 – 25
26 – 30
31 – 35
36 – 40
41 – 45
46 – 50
51 – 55

4
33
25
4
3
2
0
2

19.5
22.9
28.1
34.3
37.3
41.0

50.5

123.4 (24.9)
126.4 (24.0)
128.0 (25.6)
124.2 (18.5)
123.7 (14.8)

101.5

123.6

65.2 (4.0)
66.1 (7.2)
66.0 (5.2)
70.6 (3.8)
71.1 (3.2)

66.5

72.4

0.87 (0.23)
0.81 (0.26)
1.08 (0.73)
1.05 (0.28)
0.82 (0.13)

0.98

0.87

2.02 (0.60)
2.34 (0.76)
2.24 (0.75)
2.12 (0.10)
2.11 (0.24)

1.61

1.1

TOTAL 73 26.9 125.8 (23.4) 66.6 (6.2) 0.92 (0.48) 2.21 (0.73)

Table 3. Acoustic Voice Measures Obtained During Sustained Vowel Phonation

Spontaneous Speech

Age Group n Mean Age SF  (Hz)0 SPL (dB)

Mean (SD) SF  Range0 Mean (SD) SPL Range

Females

16 – 20
21 – 25
26 – 30
31 – 35
36 – 40
41 – 45
46 – 50
51 – 55

6
33
21
4
1
1
2
1

19.5
22.8
27.3
33.5
38.0
44.0
46.0
53.0

200.7 (20.5)
197.4 (14.6)
187.9 (25.6)
205.0 (11.4)

202.2
191.0
185.6
195.8

 168.8 – 224.5 
168.6 – 224.8
99.1 – 220.5 

196.3 – 220.9   
202.2 
191.0 

181.4 – 189.7 
195.8

59.9 (4.4)
58.3 (3.5)
54.3 (2.9)
63.6 (4.1)

67.22
56.4
56.9
60.8

 52.9 – 65.7
51.5 – 64.8
45.8 – 58.8
60.5 – 69.4

67.22
56.4

55.2 – 58.6
60.8

TOTAL 69 26.1 194.8 (19.0) 99.1 – 224.8 57.6 (4.3) 45.8 – 69.4

Males

16 – 20
21 – 25
26 – 30
31 – 35
36 – 40
41 – 45
46 – 50
51 – 55

4
33
25
4
3
2
0
2

19.5
22.9
28.1
34.3
37.3
41.0

50.5

126.9 (32.4)
123.8 (14.5)
122.3 (16.0)
122.8 (11.8)
117.6 (12.6)

108.0

117.3

90.8 – 319.5
86.4 – 267.8
84.7 – 274.8
81.3 – 269.3
91.3 – 211.0
79.5 – 275.5

88.0 – 229.0

57.3 (4.5)
60.1 (6.3)
56.4 (4.0)
59.7 (3.0)
58.6 (2.7)

57.6

61.2

51.1 – 61.8
54.0 – 90.2
49.9 – 64.1
56.2 – 61.7
55.6 – 61.1
53.5 – 61.7

59.6 – 62.7

TOTAL 73 26.9 122.6 (15.6) 85.8 – 269.3 58.6 (5.3) 49.9 – 90.2

Table 4. Acoustic Voice Measures Obtained During Spontaneous Speech Tasks
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23,27,31,34,36], Portuguese [33], Swedish [39], Taiwanese 
[35], and Japanese [38] speakers, but a lower SF₀ than Arabic 
[25,37] and Brazilian subjects. In terms of F₀, the subjects 
demonstrated slightly lower mean values than those 
obtained by Delovino et al. [4] at 131 (±14) Hz for 28 Filipinos 
aged 22-43 years. Mean F₀ values were likewise markedly 
lower than those for Chinese [3], Indian [3], and Nepalese 
[43] speakers. It would appear that the fundamental 

frequency for both isolated vowel production and for 
continuous speech of Filipino men is fairly similar to that of 
male speakers from other countries and/or heritage 
backgrounds (F₀ = 132.8 Hz, SF₀ = 118.4 Hz).

By comparison, it would appear that mean fundamental 
frequency for Filipinas (female Filipinos) is slightly lower than 
that of others. Female participants in this study exhibited a 

Figure 2. Average Fundamental Frequency (F ) and Speaking Fundamental Frequency (SF ) of Male and Female 0 0

Speakers Reported in This and in Various Studies. F values across several studies were obtained during sustained 0 

phonation for males (a) and females (c). SF  values are shown in (b) and (d). Upper and lower bars represent +1SD and -0

1SD from the mean. Data from the current study appear as darker shades of blue (for males) and red (for females). 
Average values for all related studies are also included in each graph for comparison. 

_________________________________________
*-data obtained mostly from subjects > 50 years old

Perceptually Normal Voice Production in Filipinos
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mean F₀ of 196.3 Hz (±23.0) and mean SF₀ of 194.8 Hz (±19.0), 
with a mean SF₀ range of 97-310 Hz. The range for mean F₀ in 
females was 141.4 – 251.6 Hz and range for mean SF₀ was 
99.1 – 224.8 Hz. The 18-27 year old females in Goy et al. [20] 
yielded a mean F₀ of 251 (±28) Hz and a mean SF₀ of 208 (±19) 
Hz. Filipinas in this study had lower SF₀ compared to Arabic 
[37], North American [11,23,27,31], Swedish [39], Taiwanese 
[35], Japanese [38], but higher than those for other American 
[32,36,41], English-Cantonese bilinguals [26], and other 
European [28,33] speakers. While SF₀ appeared to be 
consistent with the average SF₀  values across other studies 
(197 Hz), a distinctly lower mean F₀ was observed. Similarly, 
Delovino et al. [4] also documented a mean F₀ of 218.4 Hz 
among the 28 Filipinas aged 20-45 year old.  

Figure 2 summarizes the fundamental frequency data 
from other studies. The contrast between findings of this 
study and most other studies, including that of Delovino et al. 
[4] who also documented voice functions in Filipina speakers, 
would appear to indicate an artifact of data collection in our 
study, such as perhaps the very quiet and calm speech 
sampling conditions.  That male speakers in this study did not 
vary greatly in fundamental frequency from other studies 
contradicts that, however. It would appear that additional 
data to confirm these findings would be useful. F₀ values for 
women may have been also affected by the type of 
instruction and model provided for the sustained vowel task. 
Despite this, and consistent with the studies cited above, the 
female participants in this study also exhibited significantly 
higher F₀ and SF₀ values than the male participants (W = 
4962, p < 0.001; W = 4913, p < 0.001).

3.2 Sound Pressure Level (SPL)

On the average, male participants spoke with an 
intensity level of 58.6 (±5.3) dB but appeared to use a louder 
intensity level of 66.6 (±6.2) dB during sustained phonation 
of a vowel (Table 3). Similarly, female participants had an SPL 
of 57.6 (±4.3) dB when speaking and 65.3 (±4.5) dB when 
sustaining a vowel (Table 4). Male and female speakers had a 

marginal but statistically significant difference in vocal 
intensity during sustained phonation (W = 2033.5, p = 0.048) 
but not during connected speech (W = 2112.5, p = 0.128).  
While statistically significant, an average difference of 1.0 to 
1.3 dB did not appear to be clinically significant. 

The mean SPL of 58-59 dB used by our Filipino 
participants during conversation appears similar to those 
reported by Berg et al. [28] for 40-49 year old Germans 
(58.8-59.9 dB). The mean vocal intensity obtained during 
sustained vowel phonation (65-66 dB) was higher than what 
Brown et al. reported for American women (63.3 dB) [44], 
but lower than those in Goy et al. (67.8-69.7 dB, Canadian) 
[6], Hwa Chen (69.6-70.8 dB, Taiwanese) [35], Demirhan 
(70-71.5 dB, Turkish) [30], and Gelfer and Young (68.2-70.4 
dB, American) [45].  Higher SPL levels were associated with 
increasing age of participants [28] as well while language-
related variables (e.g. tonal effects of Mandarin) [35]. 
These, as well as other factors, such as speaking distance, 
room acoustics, speaking distance, as well as the inherent 
differences in intensity among phonemes, are hypothesized 
to influence the results.  It is highly likely the participants in 
this study adjusted their loudness to what they felt was 
appropriate for a conversation with a nearby listener in a 
quiet environment. Their loudness levels for this study may 
be lower than the typical vocal intensity during conversation 
among Filipinos as, anecdotally, the typical ambient noise 
levels in the working and living environments are relatively 
higher compared to experimental conditions. 

 Jitter (%) and Shimmer (%)

Male participants exhibited a jitter of 0.92 % (±0.48) and 
a shimmer of 2.21 % (±0.73) while female participants 
generated a higher jitter at 1.12 % (±0.34) as well as a  
shimmer at 2.7 % (±0.64). The female subjects in this study 
exhibited significantly higher jitter % (W = 3169, p< 0.001) 
and shimmer % (W = 3713, p< 0.001) values than their male 
counterparts. This gender effect was also observed among 
Turkish [30], Swiss [46], and Filipino subjects [4]. Filipino 

Table 5. Nasalance Scores for Male and Female Filipinos during Sustained Vowel Phonation and Oral Reading (n=46)

Speech Task Male Female All

Mean (SD) Range Mean (SD) Range Mean (SD) Range

Vowel Prolongation 17.14 (18.52) 2.71-88.86 19.05 (14.25) 4.07-60.46 17.97 (16.65) 2.71-88.86

Dominantly plosive sentence 16.97 (11.64) 3.94-56.81 13.19 (7.45) 4.04-35.76 15.33 (10.11) 3.94-56.81

Dominantly sibilant sentence 12.53 (6.22) 0.40-26.45 13.10 (5.94) 5.54-25.72 12.78 (6.04) 0.40-26.45
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jitter % was also higher than those reported in studies that 
looked into jitter% and shimmer% [4,23,30,43,46]. 
Shimmer% indicated normal amplitude perturbation as it 
is lower than the 3.81% threshold for CSL-obtained 
samples. However, it may initially appear that Filipina 
subjects had pathologic voices as they exhibited jitter % 
above than the 1.04% threshold. However, this study 
hypothesized that several other factors may explain this 
finding as well as the discrepancies noted with other 
studies. First, a dynamic microphone placed at a distance of 
12 cm and oriented at a 45 degree angle was used. Titze and 
Winholtz [47] found that cardioid condenser types placed 
at shorter distances produced better perturbation data 
than dynamic ones. Second, voice samples were collected 
during sustained /a/ phonation at an intensity between 55-
60 dB. Vocal loudness was found to be the most influential 
factor in perturbation measurements and it was 
recommended to be maintained at 75 to 80 dB during 
sampling to enhance measurement reliability [46,48]. 
Lastly, the CSL was used which employs a peak-picking 
method for glottal pulse detection. Reliable perturbation 
measurements depend on accurate extraction of F₀ and 
amplitude of various waveform types [49]. Unfortunately, 
peak-picking method was found to be less sensitive to 
additive noise as opposed to waveform-matching, 
resulting in less accurate jitter measurements [49,50]. 
Future studies may need to control the said parameters to 
maintain more robust findings.

Nasalance

Percent nasalance was measured using three different 
speech tasks in which low nasality is expected. Average 
nasalance when reading sibilant-loaded passages was 
12.5±6.22% for males and 13.1 ± 5.94% for females. When 
reading plosive-loaded passages, males exhibited a mean 
nasalance score of 16.9 ± 11.6% while females at 13.2±7.5%. 
Higher nasalance scores were obtained from sustained 
vowel phonation: 17.14% (±18.5) for male participants and 
19.1%(±14.3) for female participants. Nasalance scores of 
male speakers were not significantly different from those of 
female speakers in all three tasks: sustained phonation (W = 
317.5, p = 0.207), plosive-dominant sentences (W = 214.5, p 
= 0.319), sibilant-dominant sentences and (W = 276, p = 
0.734). However, one study by Van Lierde et al. [52] found 
gender-related differences in nasalance as a function of 
velopharyngeal valving and vocal tract length. 

Mean nasalance values of Filipinos from this study 
appear to be similar to participants of other ethnic 

backgrounds, especially for Malaysian (13.9 ± 5.11) [53], 
Thai (14.3 ± 5.8) [58], American (16.0 ± 7.0) [51] and Greek 
(12.4 ± 4.8) [59]. However, due to the wide variance 
observed in the data, it is quite difficult to make definite 
conclusions regarding ethnolinguistic differences or 
similarities. This study did not ensure a fixed oral-to-nasal 
consonant ratio between sentences used that may prove to 
be a possible source of variance.

Possible Age-Related Differences

While the current study did not aim to investigate acoustic 
voice changes across the lifespan, initial observations were 
documented. Statistical analysis would be inappropriate at 
this point due to reduced variance and covariance especially 
in the older age groups. Testing for differences between the 
20-25 and the 25-30 year old group would be possible, but 
few changes would be expected within a 10-year period and 
may not be useful clinically.

Figure 3 summarizes trends observed across different 
acoustic parameters. Fundamental frequency measures (F₀ 
and SF₀) appear to slightly decrease with age. There also 
appears to be a downward trend for frequency and 
intensity ranges. Older male participants exhibited 
increased jitter % and decreased shimmer %. Nasalance 
scores also appear to increase with age for both age groups. 
However, these measures may not necessarily follow a 
linear model and need to be investigated further. In their 
lifespan investigation of acoustic voice characteristics of 
192 North American subjects aged between 4 to 93 years, 
Stathopoulos and his colleagues demonstrated that voice 
changes followed a non-linear, U-shaped curve [18]. These 
changes often reflect changes in laryngeal structure (e.g., 
vocal fold tissue elasticity, laryngeal position), physiological 
mechanisms, and motor control.

Conclusion

This study aimed to describe the vocal characteristics of 
a sample of Filipinos with perceptually normal voices. Voice 
samples were collected from 142 subjects during sustained 
vowel /a/ phonation and spontaneous speech. The 
Computerized Speech Laboratory (CSL) Model 4300B was 
used to extract fundamental frequency, sound pressure 
level, and perturbation measures. Nasalance scores were 
obtained from sustained /a/ phonation and oral reading of 
sibilant-loaded and plosive-loaded passages, then analyzed 
using the Nasometer�� 6200-3.  
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The average acoustic values for males were a 
fundamental frequency (F⁰) during sustained phonation of 
125.8 ± 23.4 Hz, a fundamental frequency during 
spontaneous speech (SF₀) of 122.6 ± 15.6 Hz, and a pitch 
range of 85.8 – 269. The average loudness levels sound 
pressure levels (SPL) for male speakers was 58.6 ± 5.3 dB 
during speech, and 66.6 ± 6.2 dB during sustained vowel 
production. Average jitter for male speakers was 0.92 ± 
0.48%, average shimmer was 2.21% ± 0.73%. Average 
nasalance for male speakers was 12.5-17.1%. 

The average acoustic values for females were F₀ of 196.3 
with a standard deviation of ± 23.0 Hz, an SF₀ of 194.8 ± 19.0 
Hz; pitch range during conversation speech was 97.1 - 
309.6Hz. The average loudness or SPL of female speakers 
during conversational speech was 57.6 ± 4.3 dB, and SPL 
during sustained vowel production was 65.3 ± 4.5 dB. Average 
jitter was 1.12% with a standard deviation of ± 0.34%, average 
shimmer was 2.7% ± 0.64%, and nasalance was 13.1-19.1%. 

Gender effects were seen only for perturbation measures 
and fundamental frequency values, with females exhibiting 
higher values. Possible age-related effects were also suggested. 
Comparing data from those obtained in related studies, it 
would appear that Filipino subjects exhibit lower F₀ and SPL 

values, higher jitter%, and SF₀ and shimmer% values that are 
fairly similar to the average values reported across studies.

Overall, this study presented data that may be used 
together with the data from Delovino et al. (2012) to form 
initial normative data pertinent to Filipino vocal performance. 
The reliability of future studies can be enhanced by controlling 
extraneous variables that affect sampling and acoustic 
analysis. These include employing stricter eligibility criteria 
(e.g., larger sample, controlling for medical history, hearing 
screening, professional voice training, perceptual evaluation), 
improving voice data acquisition (e.g., standardized 
instructions to the subject, inter-rater reliability among data 
collectors, exclusion of the first and last segments of each 
voice sample for analysis, etc.), and more robust data analysis 
(e.g. using different analysis programs, inclusion of other 
perturbation measures, HNR, data stratification according to 
age, gender, and software). Finally, future investigations 
should also consider the possible effects of dialectic variation.
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