
Ah, how sweet the sound: Some acoustic characteristics of emotionally sung /ah/ 
1Donna Erickson, 1Tomoe Suzuki, 1Kayo Tanosaki, 2Takeshi Saito, 1Eri Haneishi, 1Kuniyo Yahiro & 

1Hiroko Kishimoto 
1Showa University of Music, Kawasaki, Japan, 2Kanazawa University, Kanazawa, Japan, 

EricksonDonna2000@gmail.com 

 
Abstract. Recordings of 6 sopranos were made 
singing the sustained vowel /ah/ at a comfortable 
pitch with four emotions: angry, happy, sad, and 
neutral. Perception test results with Japanese 
university students suggest that there was not 
always a “match” between what the singers 
intended to sing and what the listeners perceived, 
and that almost half of the /ah/ were perceived by 
listeners as sad. Acousitc analysis of the perceived 
emotions suggests that F0, formant frequencies, 
formant bandwidth, jitter, shimmer, and vibrato 
contribute significantly to how listeners perceive 
the emotional singing. 
 
1. Introduction. 
Studies have been done on the acoustic 
characteristics of emotional speech, but not many 
have examined the acoustic characteristics of 
emotional singing. Seashore (1938) suggested that 
vibrato contributes to expressiveness in singing; 
Sundberg (1987) discussed the importance of 
“microintonation” to bring about emotional effects 
in singing, since the melody (“macrointonation”) is 
prescribed by the composer. Microintonation 
features include changes in syllable duration, sound 
level, pitch rise/decay time, and pause duration. 
Siegwart and Scherer (1995) examined acoustic 
parameters of recordings by five well-known 
soprano singers of excerpts from a Donizetti opera, 
and described voice qualities associated with 
emotional expressions. A study by Rapoport (1995) 
detailed different categories of singing modes, 
including neutral, calm, expressiveness, etc. For 
each of these categories, he describes the phonation, 
vibrato, singing formant, and transition (glissando) 
characteristics and their interactions. 

As a step toward a better understanding of the 
acoustic and perceptual characteristics of emotion 
in singing, we have focused on recordings of a 
single vowel sung by soprano singers with different 
emotions. Some questions we address are (1) how 
well can singers convey different emotions, just by 
singing a single vowel on a sustained pitch, and (2) 
what are some of the acoustic characteristics that 
convey emotional information to listeners? This 
work is part of an ongoing project to investigate the 

acoustic, perceptual and articulatory characteristics 
of the soprano singer’s voice. 

 
2. Experimental methods 
In order to answer the above questions, two 

experiments were performed: (1) audio recording 
of voices of soprano singers on the sustained vowel 
/a/, sung with four different emotions: angry, happy, 
sad, and neutral, and (2) perception testing with 
university students to see if they could identify the 
emotion in each of the utterances, and also, to rate 
the emotional intensity of utterances. In addition, 
acoustic analyses of the utterances were made  
Audio recording of voices 
Audio recordings were made of six soprano singers. 
Four of the singers were students, and two were 
faculty. Recordings were made in a sound proof 
recording studio, using a Marantz, Portable 
Solid-State   Recorder PMD671 and a DPA 4066 
microphone. The singers were asked to record the 
sustained vowel /a/ at a comfortable pitch in four 
emotions: angry, happy, sad, and neutral. 
Perception Tests.  
For the perception tests, duration and intensity (dB) 
of the recorded sounds were edited using the free 
downloadable acoustic analysis software Praat. The 
duration of all sounds was 2 seconds (selected in 
the middle portion of the recording) and the 
intensity was set to 70 dB. The perception test was 
comprised of a total of 72 utterances (4 utterances 
per singer, 6 singers, 3 randomizations). Each test 
was preceded by a practice test of 5 utterances. 
Eleven Japanese female music university 
undergraduates listened to the utterances and (a) 
rated how emotional the utterances were (1 to 5, 
with “5” indicating “extremely emotional”, “3” as 
“emotional”, and “1” as “not emotional”) and (b) 
identified what emotion they heard—angry, happy, 
sad, no emotion, other emotion. The tests were 
presented through HDA200 Sennheiser headphones 
in a quiet room, using a Windows-based software 
from Runtime Revolution.  
Acoustic Analysis. 
Average fundamental frequency (F0), formant 
frequencies (F1, F2, F3, and F4) and formant 
bandwidths were measured using Praat. In order to 
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measure microintonation features, the following 
aspects of the signal were also measured: (1) vocal 
jitter and shimmer and (2) vibrato characteristics. 
Jitter and shimmer are described according to the 
Praat manual as follows: (a) Jitter (local): the 
average absolute difference between consecutive 
periods, divided by the average period; and (b) 
Shimmer (local): the average absolute difference 
between the amplitudes of consecutive periods, 
divided by the average amplitude. In addition, 
vibrato was measured in terms of mean extent of 
vibrato (MVE) and mean rate of vibrato (MVR) 
(see Bretos and Sundberg, 2003).  

Looking at the results from the six singers (Table 1 
and Fig. 1), /a/ sung as sad was best perceived by 
listeners as that intended by the singers (47%) and 
that of happy was next best-perceived as that 
intended by the singers (24%). Happy was also 
sometimes confused with angry (24%), and sad 
(33%), and sad was confused with happy (22%). 
Angry and neutral /a/ were not perceived as 
intended by the singers above chance. Angry was 
confused with sad (22%) and neutral (37%), and 
neutral with angry (26%), happy (22%,) and sad 
(37%). These results suggest that the task of 
conveying an emotion on a single vowel on a single 
pitch is challenging. For these singers, conveying 
the emotion of sad or happy seems to be easier than 
that of angry or neutral. 

 
3. Results 
3.1. Perception tests 
3.1.1. Perception of Intended Emotions. In this 
section, we report on how well singers conveyed 
their intended emotions to the listeners. We refer to 
these as the “Intended Emotions”. In the next 
section, we report on what emotions the listeners 
perceived (“Perceived Emotions”). 

Figure 2 below shows the results of how 
listeners rated emotional intensity of the utterances. 
Only angry was rated as “emotional” (a rating of 3 
or above indicates “emotional”). The ordering of 
the ratings is what might be expected: angry was 
rated as more emotional than sad than happy than 
neutral. These results suggest that conveying 
emotional intensity associated with an emotion 
may be easier than conveying a particular emotion. 

Fig. 1. Percent of emotions identified by listeners 
(y-axis) as those intended by singers (x-axis). 
Perception of angry is indicated by bars filled with 
diagonal crosses, happy by solid black, and sad 
and neutral as dotted, in that order. 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. Confusion matrix. Intended emotions and 
perceived emotions. Above 20% identification 
indicates above chance. Bold percentages indicate 
identified by listeners as those intended by singers. 
 
  Perceived Emotion 

Intended 

Emotion 
angry happy sad neutral other

Angry 16% 16% 22% 37% 9%

Happy 24% 24% 33% 14% 5%

Sad 19% 22% 47% 9% 3%

Neutral 26% 22% 37% 11% 4%

Fig. 2. Emotional intensity ratings (Intended 
emotions) 
 
Some singers, of course, were perceived as 
conveying more emotionally intensity than others, 
as shown in Fig. 3. For instance, Singer 4 was rated 
as being most emotionally intense, while Singer 3, 
as least emotionally intense. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.Rating of emotional intensity for singers. 
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3.1.2. Perceived Emotions 
In terms of what listeners perceived, figure 4 below 
indicates that listeners perceived most of the 
utterances as sad, then as angry or happy, and 
finally as neutral or other. These results are also 
somewhat intuitively as we might expext: more 
utterances were heard as being emotional, not as 
neutral or other. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Number of utterances perceived as sad, 
angy, happy, neutral or other, independent of the 
intented emotion of the singer. 

 
Figure 5 below shows how listeners rated the 
emotional intensity of the perceived emotions. 
Surprisingly, only utterances perceived as neutral 
or happy were perceived as being emotional (rating 
of 3 or above). Sad was rated as more emotionally 
intense than angry. 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Emotional intensity ratings (Perceived 
emotions) 
 
3.2 Acoustic Analysis 
In order to see which acoustic measurements were 
salient to listeners to rate emotional intensity, a 
pearson product correlation analysis with the 
acoustic measurements and listener ratings of 
emotional intensity of the perceived emotions, in 
conjunction with a Bonferroni test of significance, 
was done. The results showed that all of the 
following measures were significant (p=0.000): 
Jitter, F0, F1, F2, F4, F1 bandwidth, F4 bandwidth, 
MVR, MVE, maximum vibrato, minimum vibrato. 
In addition, shimmer was significant (p=0.008), 

and F3 bandwidth (p=0.032).  
In order to assess which acoutic measurements 

were salient to the perception of a specific emotion, 
average acoustic values were estimated for each 
perceived emotion (angry, happy, sad and neutral). 
T-tests were done for paired emotions. The means 
for each acoustic measurement for each perceived 
emotion, with bold values indicating significant 
differences of p=0.000, are in Tables 2 and 3 at the 
end of this paper.  

Figures 6 through 12 below show the mean 
acoustic values.  
F0 (fig. 6). Utterances perceived as angry had the 
lowest F0 (298 Hz), then sad (316 Hz), and then 
neutral (351 Hz) and happy (362 Hz). It is 
interesting that neutral and happy are not 
significantly different in terms of F0, whereas all 
the others vary significantly in terms of F0. 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Average F0 of utterances for each perceived 
emotion. 
 
F1 (fig. 7). Utterances perceived as sad had the 
lowest F1 (716 Hz), significantly lower than angry 
(789 Hz), happy (804 Hz), or neutral (805 Hz). 
This is most likely due to differences in jaw 
opening. In general, the more open the jaw, the 
higher the F1. For producing sad utterances, the 
jaw is proably less open, compared to that for 
producing the other emotions. 
F1 Bandwidth (fig. 8). Utterances perceived as 
angry had the largest F1 bandwidth (339 Hz), and 
significantly larger than the others, happy (179 Hz), 
sad (168 Hz), and neutral (159). Generally, for all 
formants, angry had the largest bandwith, except 
for the F3 bandwidth, where sad was larger than 
angry. The values for the other formants are not 
displayed as bargraphs, but are shown inTable 2. It 
is not surprising that perceived angry tended to 
have the largest bandwidths, since bandwidth size 
is an indicator of strength of closure of the vocal 
folds most likely due to increased air pressure 
among other things. An angry voice would 
presumably be produced with more overall force in 
general. 
 



  
  
  
  
  
  
  
  
  
  

Fig. 10. Average shimmer of utterances for each 
perceived emotion 

Fig. 7. Average F1 of utterances for each perceived 
emotion 

  
Mean Vibrato Rate (MVR) (fig.11). Utterances 
perceived as angry or sad had the least amount of 
vibrato (0.15 Hz and 0.16 Hz), while those 
perceived as happy or neutral (0.18 Hz) the most. 
All emotions differ significantly in terms of mean 
vibrato rate, except happy and neutral. It seems 
somewhat surprising that a low rate of vibrato is an 
acoustic cue for angy, while a high MVR cues the 
perception of neutral or happy.  

 
 
 
 
 
 
 
 
 
Fig. 8. Average F1 of utterances for each perceived 
emotion 

 
 
  
 Jitter & Shimmer (figs 9 & 10). Angry utterances 

were produced with the least amount of jitter 
(0.16%) and shimmer (0.99%, respectively) , 
whereas neutral (0.36% and 1.95%, respectively) 
with the greatest amount. For jitter, sad (0.25%) 
and happy (0.23%) did not differ significantly. For 
shimmer, sad (1.48%) and neutral (1.95%) did not 
differ significantly. These results of less jitter for 
the emotional utterances suggest that there may be 
more tension in the vocal folds, thus less 
micro-fluctuations in the opening-closing cycle of 
the vocal folds compared with neutral productions. 
The result of less shimmer for the emotional 
utterances suggests that in addition there may be 
greater control of air flow/air pressure, which 
might account for more control of the 
opening-closing cycle of the vocal folds compared 
with neutral productions. 

 
 
 
 
 
 
Fig. 11. Average mean rate of vibrato for each 
perceived emotion 
 
Mean Extent of Vibrato (MVE) (fig.12). In terms 
of the extent of vibrato, we see a similar pattern. 
Angry utterances have the lowest extent of vibrato 
(10 Hz), then sad (18 Hz), and happy and neutral 
have the highest (27 Hz and 36 Hz, respectively). 
All emotions differ signficanty in terms of mean 
extent of vibrato, except angry and sad.  
 

  
  
  
  
  
  
  
  
  

  
Fig. 9. Average jtter of utterances for each 
perceived emotion 

Fig. 12. Average mean vibrato extent for each 
perceived emotion 



4. Summary and Conclusions 
In summary, we see that the sustained sung /a/ 
tended to be perceived as sad, with sad rated as 
“more emotionally intense” than happy. We also 
note that there was not always a “match” between 
what the singers intended to sing and what the 
listeners perceived. Again, sad singing was 
best-perceived as sad. Happy was perceived above 
chance as happy, but angry and neutral were not 
well-perceived. However, listeners rated the sung 
/a/ intended to be emotional as more emotional 
than that intended to be neutral, with angry rated as 
most emotional, then sad, and then happy. 

 For rating emotional intensity of perceived 
emotions, listeners paid attention to almost all of 
the acoustic measurements: F1, F2, F4, F1, F1 
Bandwidth, F3 Bandwidth, F4 Bandwidth, jitter, 
shimmer, and mean vibrato rate, mean vibrato 
extent, maximum vibrato and minimum vibrato. 

For identifying a particular emotion, the 
following can be said: (1) high F0 characterizes 
happy or neutral; low F0, angry or sad; (2) low F1 
characterizes sad; (3) large bandwidths characterize 
angry; (4) small perturbations in jitter, shimmer 
and vibrato characterize emotional speech, 
especially angry; (5) for MVE, angry is 
characterized by the smallest value, then sad, then 
happy, then neutral; (6) for MVR, again angry has 
the smallest value, then sad, then neutral (neutral 
and happy are not significantly different). 

More work with a larger acoustic and 
perceptural database is underway in order to further 
understand acoustic and perceptual characteristics 
of soprano singers’ voices. 
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Table 2. Mean values of F0 & formants for each of the perceived emotions. Bold values indicate p=0.000. 

AvF0
Hz

AvF1
Hz

F1BW
Hz

AvF2
Hz

F2BW
Hz

AvF3
Hz

F3BW
Hz

AvF4
Hz

F4BW
Hz

happy (N=165) 362 804 179 1445 85 2760 264 3514 467
neutral (N=140) 351 805 159 1424 107 2849 247 3636 259
angry (N=170) 298 789 339 1101 134 2892 400 3565 1031
neutral (N=140) 351 805 159 1424 107 2849 247 3636 259
sad (N=278) 316 716 168 1181 99 2827 510 3567 835
neutral (N=140) 351 805 159 1424 107 2849 247 3636 259
angry (N=170) 298 789 339 1101 134 2892 400 3565 1031
happy (N=165) 362 804 179 1445 85 2760 264 3514 467
happy (N=165) 362 804 179 1445 85 2760 264 3514 467
sad (N=278) 316 716 168 1181 99 2827 510 3567 835
angry (N=170) 298 789 339 1101 134 2892 400 3565 1031
sad (N=278) 316 716 168 1181 99 2827 510 3567 835  

 

Table 3. Mean values of jitter, shimmer & vibrato for each perceived emotions. Bold values, p=0.000 
jitter shimmer MaxVib MVR MinVib MVE

happy (N=165) 0.23 0.10 376 0.18 349 27
neutral (N=140) 0.36 0.17 369 0.18 333 36
angry (N=170) 0.16 0.09 305 0.15 295 10
neutral (N=140) 0.36 0.17 369 0.18 333 36
sad (N=278) 0.25 0.13 327 0.16 309 18
neutral (N=140) 0.36 0.17 369 0.18 333 36
angry (N=170) 0.16 0.09 305 0.15 295 10
happy (N=165) 0.23 0.10 376 0.18 349 27
happy (N=165) 0.23 0.10 376 0.18 349 27
sad (N=278) 0.25 0.13 327 0.16 309 18
angry (N=170) 0.16 0.09 305 0.15 295 10
sad (N=278) 0.25 0.13 327 0.16 309 18  


