
E
xamination of voice disorders can be carried out

through a variety of techniques. Evaluation of the

voice by the ears of speech pathologists or laryngoscopy

is almost always subjective. Hence, voice acoustic anal-

ysis has been introduced clinically for recording objec-

tive data before and after surgery of voice disorders to

help us better understand the pathophysiology of voice

production.

Voice acoustic analyses include several parameters:

(1) average fundamental frequency (F0) and sound pres-

sure level (SPL) to reflect habitual pitch and loudness

(intensity or amplitude); (2) perturbation (jitter and

shimmer) and harmonics-to-noise ratio (H/N ratio) to

characterize voice quality; and (3) maximum phonation

time (MPT) to evaluate maximum vocal capabilities.1

The measure of fundamental frequency, reflecting the vi-

bratory rate of the vocal folds, can be measured during

production of sustained vowels or during a reading pas-

sage. During sustained vibration, the vocal folds will ex-

hibits slight variation of fundamental frequency and am-

plitude from 1 cycle to the next; these phenomena are

called frequency perturbation (jitter) and amplitude per-

turbation (shimmer).2 In addition to jitter and shimmer,

degree of hoarseness can be evaluated by judging the ex-
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Background. Because of advances in voice research, voice acoustic analysis includ-

ing fundamental frequency (F0), sound pressure level (SPL), jitter, shimmer, har-

monics-to-noise ratio (H/N ratio), and maximum phonation time (MPT) can now be

easily recorded and analyzed with a computer. Because these systems are widely

used in clinical practice, this study was designed to establish the normal acoustic

analysis parameters in normal Taiwanese adults.

Methods. From Mar. 2002 to Dec. 2002, 45 Taiwanese women and 45 Taiwanese

men younger than 50 years old were recruited as subjects for this study. The commer-

cially available Computer Speech Lab and Aerophone II system manufactured by

Kay Elemetrics Corp. were used to record the aforementioned acoustic data under

comfortable phonation. Each gender was separated equally into 3 age subgroups.

Then differences between gender and age subgroups were investigated by statistics

software SPSS 10.0. Our results were compared with data from previous reports.

Results. The value of F0 (counting; vowel/a/) was greater for females (203.2 � 21.7;

213.4 � 25.4 Hz) than for males (118.3 � 17.3; 121.3 � 16.4 Hz). Conversely, the

value of MPT was greater for males (28.0 � 9.4 sec) than for females (22.6 � 7.6 sec).

There were no significant differences in average SPL and jitter between female (77.8

� 5.5 dB; 0.66 � 0.27%) and male (77.5 � 5.5 dB; 0.56 � 0.23%) subgroups. Except

for shimmer and H/N ratio in the male subgroup, there were no differences in param-

eters within both gender subgroups with respect to age.

Conclusions. We have developed a body of normal data for various parameters of

acoustic analysis in different age groups and genders. It seems that the majority of

voice characteristics of adults were relatively stable and did not change with aging

between 20 and 49. But the shimmer and H/N ratio were variable in different genders

and age groups. However, the voice characteristics of adults older than 50 years old

were not recorded in this study and therefore require further investigation.
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tent to which noise replaces the harmonic structure in the

spectrogram of a sustained vowel. As the degree of

judged hoarseness increases, the noise component ap-

pears to a greater degree and replaces the harmonic struc-

ture in the spectrogram. The relationship between these 2

components has been quantified as H/N ratio.3 Maxi-

mum phonation time is the maximum time a person can

sustain a tone on one continuous expiratory breath. It

supposedly is a measure of phonatory control and respi-

ratory “support”.2

All of the aforementioned parameters can now be

easily recorded and analyzed with a computer, a tech-

nique that is widely used in clinical practice. Many pa-

rameters of normal adults in western countries are

well-documented in the literature.2 However, there are

only few papers about the acoustic analysis of voice for

normal adults in Taiwan. In 1985, Chen4 used phono-

laryngograph SH-01 and vowel /u/ to analyze fundamen-

tal frequency, intensity and air flow rate of Chinese nor-

mal adults. However, other parameters such as maximal

phonation time, jitter, shimmer and harmonics-to-noise

ratio were not discussed. In 2002, Chu et al.5 used Dr.

Speech software and vowel /ee/ to record the acoustic

data of 20 young male and 20 young female aged be-

tween 20 and 26 years old. But in clinical practice, the

ages of many patients fall out of this range; whether ag-

ing will influence analysis results should be further in-

vestigated. Hence we designed a study to gather many

acoustic data from different age groups and genders. The

results from the aforementioned articles were also sum-

marized and compared to our data. Our goal was to set up

tables of normal acoustic data for quick reference in clin-

ical practice and to better understand the voice character-

istics of Taiwanese adults.

METHODS

From Mar. 2002 to Dec. 2002, 45 Taiwanese women

and 45 Taiwanese men, none of whom had professional

training in singing, were recruited as subjects for this

study. All test subjects were between 20 and 49 years

old. The 45 female subjects were separated equally into

3 age groups: group I for 20 to 29 y/o, group II for 30 to

39 y/o, and group III for 40 to 49 y/o. The 45 male sub-

jects were separated as well into group IV for 20 to 29

y/o, group V for 30 to 39 y/o, and group VI for 40 to 49

y/o. Each group contained 15 subjects. They all met the

criteria of being non-smokers and having no upper re-

spiratory tract infection for 3 weeks prior to the test.

The second author, an experienced speech therapist, lis-

tened to the voice of subjects to make sure that no 1 had

perceptual voice abnormalities. In addition, the first au-

thor checked their vocal folds with a flexible laryngo-

scope to confirm that no 1 had organic lesions of the vo-

cal folds.

The second author performed the acoustic examina-

tion in a soundproof room with the test subjects in a sit-

ting position. We used the commercially available Com-

puter Speech Lab system (CSL) and Aerophone II (AP

II) (Kay Elemetrics Corp., Lincoln Park, NJ) to record

the data described below. The subject was instructed to

count from 1 to 10 in Mandarin to first obtain the F0 (Hz)

of counting. Then the data for F0 (Hz), jitter (%), shim-

mer (dB) and H/N ratio (dB) were recorded during stable

and comfortable phonation of the vowel /a/ for more than

3 seconds. After proper instruction and several test trials,

the subjects were instructed to phonate a stable vowel /a/

continuously for as long as possible, using habitual vocal

pitch and loudness. Data including MPT (sec) and aver-

age SPL (dB) were recorded.

All data were analyzed with the statistics software

SPSS 10.0 for Windows. We used the Kruskal-Wallis

test to assess the differences between the 3 age groups of

each gender. If there was no difference between 3 groups

of each gender for a specific parameter, we combined the

data from the 3 groups and used Student’s t-test to com-

pare the overall mean value between genders. If there

was difference between the 3 groups for a specific pa-

rameter, then we used Mann-Whitney U test to analyze

gender difference for each age range.

RESULTS

A total of 90 test subjects received voice acoustic

analysis in this study; the mean value and standard devi-

ation of each parameter and subject age are summarized

in Table 1 for female adults and Table 2 for male adults.

Table 3 shows the aggregate data of some parameters
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that were not influenced by aging.

For the F0 of counting and vowel /a/, there was no

significant difference between the 3 age groups for both

genders (Tables 1 and 2). The results show that the F0

was rather stable between ages 20 and 49. Hence we

know that the F0 plateaus and does not change before

age 50 for adults. The overall mean F0 of the female

group was significantly higher than that of the male

group (Table 3).

For the average SPL and jitter of sustained vowel /a/,

there was no significant difference between the 3 age

groups for both genders (Tables 1 and 2). The results

show that the average SPL and jitter were also rather sta-

ble between ages 20 and 49 for adults. Aging did not

change the data of average SPL and jitter before 50 years

old. The overall mean SPL and jitter of the female group

were not significantly different from those of the male

group (Table 3).

For the shimmer and H/N ratio of vowel /a/, there was

no significant difference between the 3 female groups (Ta-

ble 1). The overall mean values of the female subject are

shown in Table 3. However, there was significant differ-

ence between the 3 male groups. So the data from groups

IV to VI were not combined to determine the overall aver-
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Table 1. Acoustic analysis data of normal female adults under comfortable phonation

Group Age

(years)

Counting F0

(Hz)

/a/ F0

(Hz)

SPL

(dB)

Jitter

(%)

Shimmer

(dB)

H/N ratio

(dB)

MPT

(seconds)

I Mean 24.9 215.1 221.9 76.3 0.69 1.65 12.2 19.5

(n = 15) SD 2.5 22.3 19.5 4.4 0.23 1.58 3.9 5.6

II Mean 34.5 200.0 215.1 79.6 0.73 1.84 11.3 24.0

(n = 15) SD 3.1 20.5 23.1 6.4 0.30 2.96 3.3 9.1

III Mean 44.4 194.4 203.1 77.6 0.55 1.99 13.1 24.5

(n = 15) SD 2.6 17.9 30.4 5.4 0.25 3.16 4.2 7.1

K-W test
a

p value 0.062 0.194 0.168 0.082 0.753 0.207 0.099

a
Kruskal-Wallis test.

Table 2. Acoustic analysis data of normal male adults under comfortable phonation

Group Age

(years)

Counting F0

(Hz)

/a/ F0

(Hz)

SPL

(dB)

Jitter

(%)

Shimmer

(dB)

H/N ratio

(dB)

MPT

(seconds)

IV Mean 23.6 121.7 125.6 76.2 0.61 0.26 8.7 30.9

(n = 15) SD 2.2 16.6 17.5 3.9 0.25 0.09 5.3 12.8

V Mean 33.5 110.9 122.2 79.1 0.51 0.20 7.6 25.5

(n = 15) SD 3.0 10.5 14.0 6.7 0.23 0.06 4.4 7.0

VI Mean 44.7 122.3 116.0 77.3 0.56 0.19 14.1 27.6

(n = 15) SD 2.2 21.7 17.2 5.6 0.22 0.11 2.2 6.9

K-W test p value 0.226 0.234 0.429 0.491 0.038
b

0.000
b

0.587

a
Kruskal-Wallis test;

b
p < 0.05 indicated significant difference.

Table 3. Comparison of acoustic analysis data between female and male adults under comfortable phonation

Group Age

(years)

Counting F0

(Hz)

/a/ F0

(Hz)

SPL

(dB)

Jitter

(%)

Shimmer

(dB)

H/N ratio

(dB)

MPT

(seconds)

F Mean 34.6 203.2 213.4 77.8 .66 1.83 12.2 22.6

(n = 45) SD 8.5 21.7 25.4 5.5 .27 2.60 3.8 7.6

M Mean 33.9 118.3 121.3 77.5 .56
C C

28.0

(n = 45) SD 9.0 17.3 16.4 5.5 .23
C C

9.4

t-test
a

p value 0.000
b

0.000
a

0.799 0.069
d d

0.004
b

a
student’s t-test;

b
p < 0.05 indicated significant difference;

c
Aggregated data were not recommended to be used due to variation

in different age groups.
d

Comparison between genders was not done.



age for male subjects. However, if we investigate gender

difference in each age range with Mann-Whitney U test,

we can find there were always significant differences be-

tween genders for shimmer. The p value was 0.000 for

groups I and IV; 0.001 for groups II and V; and 0.002 for

groups III and VI. But for H/N ratio, the condition was

variable. Only the groups of age ranged from 30 to 39

years old (groups II and V) had significant difference (p =

0.016). Conversely, the p value was 0.098 for groups I and

IV and 0.653 for groups III and VI.

For the MPT of sustained vowel /a/, there was no signifi-

cant difference between the 3 age groups for both gender

(Tables 1 and 2). The mean MPT of the female group was

significantly lower than that of the male group (Table 3).

DISCUSSION

The aforementioned results demonstrate that for

adults between 20 and 49 years old, the F0, SPL, jitter,

and MPT are relatively stable and does not change with

aging in each gender. Thus, except for shimmer and H/N

ratio of males, the aggregate data (Table 3) of these pa-

rameters for each gender can represent the normal data

for adults younger than 50 years old.

In clinical practice, there is a large discrepancy be-

tween subjective complaints about voice problems and

vocal fold findings after examination. The need for an

objective, quantifiable measure of voice quality is

clearly important to establish correlation between treat-

ments and outcomes. The goal of this study was to em-

pirically measure vocal characteristics with respect to

age and gender to establish baseline normal levels in

healthy Taiwanese adults.

Fundamental frequency is an acoustic measure that

directly reflects the vibrating rate of the vocal folds and

is expressed in Hz. It can be measured during production

of sustained vowels or while reading a passage. For sim-

plification of the procedure, we use counting instead of

reading a passage. This study revealed that the F0 of fe-

male adults was higher than that of male adults for both

counting and producing vowel /a/. Because vocal pitch is

regulated mainly by 3 factors: tension, mass and length

of the vocal folds; in the example case of a violin, a thin-

ner string, a shorter string, or a combination of both pro-

duces higher pitch. Therefore, the vocal pitch of women

is usually higher than that of men due to the vocal folds

in men being longer and thicker than those in women.6

Comparing with other reports (Table 4), the F0 of vowel

/u/ in the study of Chen4 and the F0 of vowel /ee/ in

thestudy of Chu et al.5 were all higher than the F0 of

vowel /a/ in our study. This could be explained by the

phenomenon of “intrinsic pitch of vowels”- the tendency

of high vowels (e.g., /i/ and /u/) to be produced with

higher F0 than low vowels (e.g., /a/).7 Furthermore, if we

compare our data with those from Western countries (Ta-

ble 4), we find there is no large discrepancy. With respect

to age, Chen observed a trend of higher F0 in males from

20 to 79 years old, but a decreasing trend in F0 for fe-

males from 20 to 79. However, the difference between

age groups was not significant for subjects before 50

years old in both genders. In our study, there was no sig-

nificant difference between age groups either. This dem-

onstrates aging has no influence on F0 in subjects up to

50 years old.

Various instruments employed to measure the SPL
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Table 4. Comparison of fundamental frequency data between other studies and the present study

gender age Present study
a

counting F0

(Hz) (n = 15)

Present study
a

/a/ F0

(Hz) (n = 15)

Chen
4b

/u/ F0

(Hz) (n = 10)

Chu et al
5c

/ee/ F0

(Hz) (n = 20)

Studies from

Western

countries
2

20-29 215.1 � 22.3 221.9 � 19.5 226 � 25.0 238.7 � 28.5 224

30-39 200.0 � 20.5 215.1 � 23.1 216 � 18.4 No data 196F

40-49 194.4 � 17.9 203.1 � 30.4 208 � 16.9 No data 189

20-29 121.7 � 16.6 125.6 � 17.5 125 � 18.3 141.7 � 20.8 120

30-39 110.9 � 10.5 122.2 � 14.0 126 � 13.5 No data 112M

40-49 122.3 � 21.7 116.0 � 17.2 126 � 16.5 No data 107

a
Computer Speech Lab (CSL) manufactured by Kay Elemetrics, Inc.;

b
Phonolaryngograph SH-01;

c
Dr. Speech software. The

age of subjects ranged from 20-26 y/o.



can analyze vocal intensity during sustained phonation.

The SPL of a sound in decibels (dB) is 20 times the loga-

rithm of the ratio of the pressure of the sound to the refer-

ence pressure. The reference pressure is explicitly stated

and is most commonly 2 � 10-4 microbars (0.0002

dyne/cm2).8 Accurate SPL measurement can provide a

highly reliable means of tracking vocal function.1 The aver-

age SPL results in this and Chen’s studies are displayed in

Table 5. Although Chen’s data were consistently higher

than ours in each group, the discrepancy was small. The mi-

nor difference might be due to different analysis systems

and procedures, because intensity could be influenced by

the distance of the microphone from the lips of the speaker.

However, in our study, the data was gained by using the

Aerophone II system. Every subject used the same mask

during test; hence the distance between microphone and the

lips of the speaker should be constant. According to our

study, there was no difference between gender and age

groups, and the mean SPL was about 77 to 78 dB.

Because of the dramatic advances in voice research,

acoustic perturbation analyses of sustained vowels, in-

cluding jitter, shimmer and H/N ratio, have been widely

used in determining phonatory stability characteristics.

Increased jitter or shimmer values have been associated

with phonatory instability due to aging, 9amyotrophic

lateral sclerosis,10 and various laryngeal pathologies.11

Hence, voice perturbation seems to be a probable indica-

tor for a physiological disorder. However, we should note

that several factors, including frequency, intensity, and

vowel selection, would affect various phonatory stability

measures and that the highest perturbation values almost

always occur in low frequency-low intensity situations.12

In this study, we used voice within comfortable frequency

and intensity ranges to establish our norm in order to mini-

mize bias. Based on our study, jitter was quite stable and

did not change with aging in subjects from 20 to 49 years

old, and there was no significant difference between gen-

ders. In addition, shimmer and H/N ratio showed differ-

ences between age groups in males, but not in females. At

the same time, there were also significant gender differ-

ences in some age ranges for shimmer and H/N ratio. But

we cannot explain the reason due to the limits of our study

design, and it warrants further investigation. However,

this suggests that we should be extremely careful if we

want to use shimmer or harmonic-to-noise ratio as a clini-

cal parameter for comparing voice quality, because they

are variable in different genders and age ranges.

According to Bielamowicz et al.,13 commercially

available acoustical analysis programs agreed well, but

not perfectly, in their measures of F0. However, mea-

sures of perturbation in the various analysis packages

use different algorithms, provide results in different

units, and often yield values for voices that violate the

assumption of quasi-periodicity. As a result, poor rank

order correlations between programs using similar mea-

sures of perturbation were noted. This might explain the

large discrepancy in data between Chu’s5 study and our

study (Table 6). Therefore, if our data are used as a base-

line for normal adults, we recommend that comparisons

be made only with data gained from using the same pro-

cedures and analytical systems.
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Table 5. Comparison of SPL data between Chen’s study

and the present study

Gender Age Present study
a

/a/ SPL

(dB) (n = 15)

Chen
4b

/u/ SPL

(dB) (n = 10)

20-29 76.3 � 4.4 80 � 3.3

30-39 79.6 � 6.4 81 � 3.8F

40-49 77.6 � 5.4 79 � 2.5

20-29 76.2 � 6.7 82 � 3.5

30-39 79.1 � 5.6 83 � 3.4M

40-49 77.3 � 5.5 84 � 4.3

a
Computer Speech Lab (CSL) manufactured by Kay

Elemetrics, Inc.;
b
Phonolaryngograph SH-01.

Table 6. Comparison of acoustic perturbation data between Chu’s study and the present study

Gender Present study
a
/a/

(Group I) (n = 15) (age 20-29)

Chu et al
5 b

/ee/

(n = 20) (age 20-26)

Jitter (%) Shimmer (dB) H/N ratio (dB) Jitter(%) Shimmer (%) H/N ratio (dB)

F 0.69 � 0.23 1.65 � 1.58 12.2 � 3.9 0.22 � 0.11 1.19 � 0.52 26.3 � 3.7

M 0.61 � 0.25 0.26 � 0.09 8.7 � 5.3 0.21 � 0.08 1.34 � 0.64 25.8 � 3.4

a
Computer Speech Lab (CSL) manufactured by Kay Elemetrics, Inc;

b
Dr. Speech software.



MPT is the maximum duration a person can sustain a

tone. Arnold14 employed the measurement of phonation

time routinely during phoniatric examinations and ob-

served that the MPT was frequently reduced to a few sec-

onds in paralytic dysphonia. Hence, this method can be

utilized intraoperatively before and after the vocal fold

medialization procedure.8 Treole and Trudean15 quoted

Hirano’s research on MPT in adults and noted that MPT

values were greater for males (25-35 sec) than for fe-

males (15-25 sec). Our study agrees with his result, with

the mean value for males (28.0 � 9.4 sec) being greater

than that for females (22.6 � 7.6 sec). The pulmonary vi-

tal capacity of males is larger than that of females, which

might explain this phenomenon. Interestingly, the data

from Chu’s5 report showed no difference between male

(19.2 � 3.6 sec) and female (19.7 � 3.7 sec) adults.

As the aforementioned results and discussions dem-

onstrate, we have developed reliable normal data for vari-

ous parameters of acoustic analysis in different age groups

and genders in Taiwanese adults. Importantly, this body of

data can be used as a convenient reference to evaluate the

voices of patients. In summary, the value of F0 (counting;

vowel/a/) was greater for females (203.2 � 21.7; 213.4 �

25.4 Hz) than for males (118.3 � 17.3; 121.3 � 16.4 Hz).

Conversely, the value of MPT was greater for males (28.0

� 9.4 sec) than for females (22.6 � 7.6 sec). There were no

significant differences in average SPL and jitter between

females (77.8 � 5.5 dB; 0.66 � 0.27%) and males (77.5 �

5.5 dB; 0.56 � 0.23%). Except for shimmer and H/N ratio

of males, there were no differences in parameters between

age groups of both genders. Hence, a majority of voice

characteristics of adults seem to be relatively stable and do

not change with aging between ages 20 to 49. Addition-

ally, we should be extremely careful if we want to use

shimmer or harmonic-to-noise ratio as a clinical parame-

ter for comparing voice quality. However, the voice char-

acteristics of adults older than 50 were not measured in

this study and therefore require further investigation.
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