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Abstract Equivalent sound level (Leq), sound pressure level (SPL) and fundamental frequency (F0) is analyzed in each of five 

Kunqu Opera roles, Young girl and Young woman, Young man, Old man and Colorful face. Their pitch ranges are similar to those of 

some western opera singers (alto, alto, tenor, baritone and baritone, respectively). Differences among tasks, conditions (stage speech, 

singing and reading lyrics), singers and roles are examined. For all singers, Leq of stage speech and singing were considerably higher 

than that of conversational speech. Inter-role differences of Leq among tasks and singers were larger than intra-role differences. For 

most roles time domain variation of SPL differed between roles both in singing and stage speech. In singing as compared to stage 

speech SPL distribution was more concentrated and variation of SPL with time was smaller. With regard to gender and age, male roles 

had higher mean Leq and lower MF0 as compared with female roles. Female singers showed a wider F0 distribution for singing than 

for stage speech while the opposite was true for male singers. Leq of stage speech was higher than in singing for young personages. 

Younger female personages showed higher Leq while older male personages had higher Leq. The roles performed with higher Leq 

tended to be sung at a lower MF0. 
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INTRODUCTION 
Kunqu Opera is a traditional performing art in China. 
It has been handed down orally since the middle of the 
sixteenth century and is revered as the ancestor of all 
Chinese Operas. It is commonly praised for its elegant 
phrases, wonderful stories and beautiful melodies and 
is performed by at least ten artists, Jing, Guansheng, 
Jinsheng, Laosheng, Fumo, Zhengdan, Guimendan, 
Liudan, Fuchou, and Xiaochou, each with a special 
voice timbre  (Wu, 2002). The roles can be divided 
into five groups: 
1, Sheng (Young man roles) recites and sings in both 
modal and falsetto register. Both Guansheng,  who 
wears an officer’s hat, and Jinsheng, who wears a 
headband change their voice quality according to the 
age and identity of the personages. A Guansheng 
performer acts as a young king or a gifted scholar, and 
his voice quality has been described as “broad and 
bright” having “a heavy oral resonance”. Jinsheng 
performers often act in love stories, and sing with a 
brighter, lyrical voice.  
2, Dan (Female roles) includes Laodan (Old woman 
role), Zhengdan (Middle-aged woman role), 
Guimendan (Young woman role) and Liudan (Young 
girl role). To portray their different ages and identities, 
D panerformers sing with different voice qualities; in 

general, the older the personage,  the greater the 
proportion of modal voice. Thus, Laodan performers 
recite and sing with loud modal voice, Liudan 
performers with falsetto voices, while Zhengdan and 
Guimendan use both these registers.  
3, Jing (Colorful face roles) performers sing with their 
faces painted in different colors depending on the 
identity of the personage. The voice quality has been 
described as “resonant and vigorous”. Often they use a 
series of special effects to display different characters, 
such as voice bursts and “intense resonance”. 
4, Mo (Old male roles), including Laosheng (Old man 
role) and Fumo (Second Old man role), recite and sing 
in modal register. Laosheng performers play the roles 
of middle-aged or elderly gentlemen.  The Fumo 
performer introduces the story at the beginning of the 
performance.  
5, Chou (Buffoon roles), including Xiaochou (Clown 
role) and Fuchou (Second clown role), recite and sing 
with register shifts between falsetto and modal. Fuchou 
pays more attention to expression than to voice. 
Xiaochou is a comical role performed with a loud and 
clear voice. 
Summarizing, the voice timbres mirror the ages, 
characters and identities of the various personages. The 
voice qualities deviate dramatically from both 
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conversational speech and Western operatic tradition, 
which have been well described in previous research 
(see e.g. Fant, 2004; Kong, 2001; Sundberg, 1987). By 
contrast, few attempts have been made to describe in 
scientific terms the acoustic characteristics of Kunqu 
Opera roles, although these characteristics possess a 
general relevance from the point of view of voice 
science, illustrating the flexibility of the human voice 
and exemplifying how the voice can be used in artistic, 
musical and dramatic contexts. The present study 
investigates 1) differences among roles; 2) differences 
between singing, stage speech  and reading lyrics; 3) 
intra-role differences between songs; and 4) 
differences between singers of the same role. The 
investigation focusses on two primary acoustic 
properties of the voice, loudness and fundamental 
frequency (F0), in five Kunqu Opera roles, two female 
(Young girl and Young woman), and three male 
(Colorful face, Old man and Young man).  

METHOD 
Four female and six male professional performers of 
Kunqu Opera, age range 25 to 47, volunteered as 
subjects, two performers in each of five roles, see 
Table 1. Their professional experiences varied between 
7 and 27 years. The singers were told to sing just as on 
stage. As there are no songs that are common to all 
these roles, the singers were asked to perform three or 
four songs of their own choice that belonged to their 
repertoire at the time of the recording. The songs had 
duration of between 2 and 3 minutes and differed in 
emotional color. The two Young girl singers sang only 
three songs, because one of the songs was very long. 
The singers also recited a section of stage speech. In 
addition, all singers read, in modal voice, the lyrics of 
the songs chosen, duration between 2 and 3.5 minutes. 
The language differed from Mandarin Chinese but was 
identical with what they used in their roles on stage, 
which actually corresponds to ancient Chinese. 

 

 

Young girl singer 2 and Old man singer 2, who both 
are performers of the Northern Kunqu Opera Theater, 
could be recorded in an anechoic room, about 
3.6x2.6x2.2 m, as they lived in Beijing, the city where 
the research was carried out. The other singers, who 
were performers at the Kunqu Opera Theater of the 
Jiangsu Province, had to be recorded in an ordinary 
room, about 4x5x3 m. Audio was picked up by a Sony 
Electret Condenser Microphone placed off axis at a 
measured distance that varied between 15 and 21 cm 
for the different singers. All sound level data were 
normalized to 30 cm. The signals were digitized on 16 
bits at a sampling frequency of 20 kHz and recorded 
on single channel wav files into ML880 PowerLab 
system. Sound pressure level (SPL) calibration was 
carried out by recording a 1000Hz tone, the SPL of 
which was measured at the recording microphone by 
means of a TES-52 Sound Level Meter (TES Electrical 
Electronic Corp., Taiwan, ROC). This SPL value was 
announced in the recording file together with 
respective microphone distance.  
Two programs were used for analyzing the recordings. 
WaveSurfer-1.8.8p3 was used to measure the 
fundamental frequency (F0). After converting the files 
into the smp format and eliminating pauses longer than 
10 ms from the recordings, the Soundswell Core 
Signal Workstation 4.0 was used to analyze the 
equivalent sound level (Leq). The distribution of SPL 
values was determined by means of the Soundswell 
Histogram module.  Statistic analyses were completed 
using SPSS 18. Given the small sample  Leq and 
mean F0 (N 8), the mean values were compared by 
T-test. For the larger sample of time variation of SPL 
(N>360), a Mann- Whitney U test was employed. 

RESULTS 
Figure 1 shows the Leq for the different singers and 
tasks. The within subject averages across read texts, 
and songs are listed in Table 2 together with the values 
pertaining to stage speech. With regard to the reading 
of the lyrics the intra-subject variation was rather small, 
while the variation between the different songs was 
larger, means 2.5 dB and 4 dB, respectively. There 
were clear Leq differences between the songs sung by 
the same singer, which does not seem surprising, since 
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the Leq of singing would depend on the character of 
the song. 

 

As can be seen in Table 2 the Leq of singing was, on 
average across subjects, 12.3 dB (SD 3.6 dB) higher 
than that of reading lyrics. Stage speech showed even 
higher Leq values, average 15.1dB (SD 3.6 dB). For all 
roles, the Leq differences between reading lyrics and 
singing were significant, and also between reading 
lyrics and stage speech (p<0.05). The Leq of stage 
speech was higher than that of songs for all singers 
except Colorful face 2 and Old man 1. However, only 
Young woman role and Young man role showed 
significant differences between singing and stage 
speech (p<0.05). Thus, the Leq values of singing and 
stage speech were similar, but both were significantly 
higher than that of the reading of the lyrics. Also, the 
variation among singers was greater in singing than in 
stage speech. 

 
The Leq values for the two performers of the same role 
varied in many cases. With regard to reading lyrics the 
Leq values were significantly different between the 
two singers of the Young girl role and of the Young 
woman role, and with respect to singing the two Old 
man role singers showed significant differences 
(p<0.05). The female roles who spoke louder in 
reading the lyrics also recited the stage speech and 
sang louder. For male roles, by contrast, the Leq of 
stage speech and singing had little to do with the Leq 
of reading lyrics. 
Comparing the five roles, there were some Leq 
differences, see Figure 2. As a whole, the Leq of male 
roles were higher than those of the female roles. In 
both singing and stage speech Colorful face and Old 
man showed the highest values and Young woman the 
lowest, and the differences between roles were much 
larger in singing. The Leq of most roles differed 
significantly for singing (p<0.05). Only Young girl role 
and Young man role did not show significant 
difference in singing. With regard to the age of the 
characters, the younger females and older males had 
higher Leq. 

 

The mean values of SPL were about 10 dB lower than 
the Leq values, see Table 2. This is not surprising, 
given the influence of soft phonation and pauses on the 
SPL.  The mean SPL will drop considerably if the 
recorded signal contains long soft or silent sections, 
while, under the same conditions the Leq will remain 
similar. The reason is that, unlike the SPL average, the 
Leq is calculated on the basis of linear sound pressure. 
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Therefore, the narrow distribution of SPL values will 
decrease the difference between the SPL average and 
the Leq. The SPL of singing had a more concentrated 
distribution compared with that of stage speech, see 
Figure 3. With respect to the roles, singers of the same 
role had similar distributions of SPL while singers of 
different roles showed differing distribution in singing 
but not in stage speech. 

 
The SPL differences between adjacent voiced 
segments reflect the time domain variation of loudness. 
As can be seen in Figure 4, this difference was 
significantly larger for stage speech than for singing 
(p<0.05), indicating that the variation was greater in 
stage speech. For most roles, the variation of SPL with 
time differed significantly between roles in both 
singing and stage speech (p<0.05), see Table 3. 

 

 

The average fundamental frequencies MF0 of the 
different roles are shown in Figure 5. As expected, 
female roles showed higher means than male roles. For 
all roles, MF0 was lowest in reading and highest in 
stage speech. The differences were significant (p<0.05), 
except for singing and stage speech of the Old man 
role singers. MF0 for the different roles showed 

significant differences for singing (p<0.05) although 
MF0 for Young girl role and Young woman role were 
similar. For the male characters, the younger roles used 
higher MF0. The MF0 differences between singing and 
stage speech were much larger in the female than in 
the male roles. 
The means and SD of F0 for each singer are listed in 
Figure 6. Female singers showed a wider F0 
distribution for singing than for stage speech while the 
opposite was true for male singers. Between singers 
the SDF0 showed great variation for stage speech but 
small variation for singing, the latter reflecting mainly 
compositional characteristics. The singers of the same 
role showed similar SDF0 for the same task except for 
the Old man role. The female singers showed smaller 
SDF0 than male singers when reciting stage speech. 

 

 

Comparing the data shown in Figure 2 and 5, 
interesting relationships between mean Leq and MF0 
can be observed for the different roles. Within roles 
there was a positive correlation, implying that the MF0 
was high when the singers produced a high Leq. By 
contrast the roles performed with higher Leq tended to 
be sung at a lower MF0. It seems likely that these 
relationships between Leq and MF0 belong to the 
characteristics of the different roles.  

DISCUSSION 
Our analyses comprised no more than two singers for 
each of the five roles. On the other hand, all singers 
were professional and earned their livelihood from 
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singing, suggesting that they had well-established 
singing skills and well-controlled voices. Secondly, 
four songs with different emotions were enough for 
reflecting the variations of songs in the same role. The 
songs of Kunqu Opera could be divided into two 
groups, the south song and the north song. Typically, 
south songs are smooth while north songs are more 
excited. All roles include both south songs and north 
songs except Colorful face; at present most songs of 
that role are of the north song type. Thus, including 
several song samples for each role should have 
enhanced the credibility of the results. However, there 
was only one sample of stage speech for each singer, 
which might have limited the representatively of the 
findings. The variance of stage speech should be 
considered in the future. 
As was shown in Figure 1, some singers’ Leq was 
higher when they were reading the text of stage speech 
than when reading the lyrics of the songs, possibly 
because they were influenced by the speaking style of 
stage speech. In fact, they read the texts of stage 
speech more emotionally than the lyrics. When reading 
the lyrics of the songs, they perhaps adopted their 
voice habits of conversational speech.  
Considering the age, dialect and the recording place, 
some point should be mentioned. In all roles singer 
number 1 was older than singer number 2, particularly 
for Young woman and Young man. The younger 
singers showed higher Leq than the older singers, 
especially in stage speech. Another factor is the dialect. 
Young girl 2 and Old man 2 both came from North 
China and their dialect was northern mandarin. The 
other singers came from South China, and their dialect 
was the Wu dialect, which sounds gentler than 
Mandarin. The style of north Kunqu Opera is bold 
while the style of south Kunqu Opera was gentle. 
Although the singers performed similar plays and used 
the same language when they were acting, they were 
probably influenced by their cultures and dialects. Also, 
it cannot be excluded that the different recording 
conditions between the north and south groups had an 
effect. Young girl 2 and Old man 2 were recorded in a 
sound treated booth with an abnormally low 
reverberation level, which may have caused them to 

increase vocal loudness. On the other hand, the Leq 
difference was small between the lyrics reading of Old 
man 2 and Old man 1, who were recorded in different 
rooms.  
Previous research has found as strong positive 
correlation between Leq and MF0 in speech produced 
at different loudnesses (Gramming et al., 1988). The 
correlations differed between roles in singing. Leq and 
MF0 were only significantly correlated for the Old 
man role and Young man role (p<0.05, R2>0.9). The 
songs sung by each of the singers differed in emotional 
color, and this is likely to weaken the correlation. In 
speech, none of the correlations were significant 
(significance level is 0.05). However, the ranges were 
narrow both in Leq and in MF0. 
In the tradition of Kunqu Opera, the Young girl and the 
Young woman roles are performed in falsetto register, 
while the Colorful face and the Old man roles use 
modal register. Mean Leq and MF0 were intermediate 
for Young man role, and this role uses modal voice in 
the lower pitch range and falsetto in the higher. The 
relationships between vocal register and Leq and MF0 
in Kunqu Opera would be worthwhile to study more in 
detail in the future.  

CONCLUSION 
This study explored the differences in Leq, SPL and F0 
between tasks, singers, conditions and roles. The 
inter-role difference was larger than intra-role 
difference. The singers of the same role showed a 
similar F0 concentration, not only for singing but also 
for stage speech. The variation of SPL with time 
differed between most roles in both singing and stage 
speech. 
On average Leq of stage speech and singing were 15 
dB and 12 dB higher than conversational speech as 
documented in the singers’ reading of lyrics. The Leq 
of stage speech were higher than singing for all the 
singers of Young girl, Young woman and Young man 
roles. The between-role Leq differences were smaller 
in stage speech than in singing. In singing as compared 
to stage speech the SPL distribution was more 
concentrated and the time domain variation of SPL was 
smaller. 
Mean Leq and MF0 varied systematically with the sex 
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and age of the singer. Male roles had higher mean Leq 
and lower MF0 than female roles. The F0 distribution 
of singing, expressed in semitones, was wider than that 
of stage speech for female singers and narrower for 
male singers. There was not much difference in F0 
concentration between singers while singing. The 
female singers showed smaller SDF0 than male singers 
in stage speech. With regard to the ages of the 
characters, younger female personages showed higher 
Leq while older male personages had higher Leq. The 
roles performed with higher Leq tended to be sung at a 
lower MF0. 
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