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1. MODUCTION

Speech and voice characteristics are shaped by a wide variety of complex and inter-related Sectors. These

complex and inter-related factors include stress [1, 2] and htnnan vocal emotion [3, 4] It is widely

documented that different emotions can be signalled and communicated through a speaker‘s vocal

characteristics. See [4, 5 and 6] for reviews of the literature on vocal emotions.

Research into how naturalistic situations shape vocal emotions and the characteristics associated with them

[7] would be preferred to the use of simulations by actors [3, 7, 8, 9, 10]. However, truly namralistic data

is difficult to obtain, because the collection of such data is ofien fiaught with serious ethical and moral

considerations

The ecoloy‘cal validity of studying vocal emotion using actors has been questioned by some researchers

[ll]. However, some recent studies into the vocal expression of emotion [3, 9, 10, 12], have demonstrated

that actors are able to simulate vocal emotions, which are on the whole, successfully decoded by listeners

at better than chance levels. Bans: and Scherer [3] for example, found that from a set of 14 emotions

pomyed by actors (hot anger, cold anger, panic fear, anxiety, despair, sadness, elation, happiness,

interest, boredom, shame, pride, disgust and contempt), that the only two emotions which were not~

accurately identified, were shame and disgust. They suggest that these two emotions rely more on visual

rather than vocal cues [3]. In the case of shame for example, people are likely to avoid speaking while in

this emotional state and therefore there are few perceptually salient cues which listeners would associate

with this emotion. With regard to disgust, the sign] of this emotion ofien takes the form of brief affect

bursts (e.g. "yuck!") rather than a speaker adopting a particular vocal setting and/or voice quality [3].

Anger, fear, sadness, joy and disgust are among the emotions that have been frequently studied and their

acoustic characteristics have been documented in a number of sources [5, 6, 9, 10, l3, 14], The main

acoustic cues that have been documented as characterising these emotions can be summarised as follows.

o Anger: There are two types of anger that are described in the literature [e.g. 3]. These are hot anger

and cold anger and although similar in quality, difi‘er in intensity. The former, which is more intense in

quality, is characterised by an increase in mean fundamental frequency (PO) and mean intensity; an

increase in F0 variability and range; an increase in mgr-frequency energy, falling F0 contours and

increased articulation rate. Acoustic characteristics which typify cold anger include: an increaSe in mean

F0, an increase mean intensity, an increase in high frequency energy and falling F0 contours.

0 Fear: Fear is characterised by an increase both in mean F0 and F0 range and by an increase in both

high fiequency energy and articulation rate;

I Sadness: This emotion is characterised by a decrease both in mean F0 and F0 range; a decrease in

mean intensity, falling F0 contours and decreases in high-frequency energy and articulation rate and lower

levels of articulatory precision; and
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I Joy or Elation: These emon'ons are characterised by an increase in the following: mean F0 and F0

range, F0 variability, mean intensity, and in some cases, an increase in high-frequency energy and

articulation rate.

This study aims to examine a set of acoustic parameters for 70 sentences representing seven vocal

emotions simulated by an actor and actress. The emotions simulated are neutral, hot anger, cold anger,

happiness, sadness, interest and elation. The acoustic parameters investigated include: the overall power

(dB) of long term average spectra of the sentences; overall mean energy; standard deviations of energy;

mean fundamental frequency values; mean values of the first six formant frequencies and their

con-esponding frequency bandwidths; mean utterance durations and mean articulation rates. These acoustic

parameters are presented and discussed within a framework that attempts to characterise the simulations,

In addition, the similarities and differences between the portrayals of the actor and actress are profiled and

discussed.

2. METHOD

2.] Subjects
RT is a 27 year old female with a standard southern British English accent. RF is a 32 year old male, with

a standard British English acct with some northern colouring. Both speakers are non-okers and have

normal hearing, speech and language. At the time of recording, RT and RP had a total of three and twelve

years respectively, of amateur and professional acting experience.

2.2 Speech Material
The speech material used to elicit the emotional data consisted of five brief sentences (Weigh your yellow

ruler; Wheel your wallmao away: Rule your raw wurily; Reel your wheel away,- You will reelyour wool).

The seven simulated emotions that were simulated were neutral. cold anger. hot anger, happiness,

sadness, interest and elation. These emotions with the exception of neutral, were chosen from the set of

emotions studied by Scherer and his colleagues [3, 9, 10] to represent a balance of different emotional

strength, valence and activity,

2.3 Recording and digitisation
Several weeks prior to the recording session, both RT and RP were given the speech material to rehearse

the portrayal of the seven emotions listed above. All recordings were carried out in a sound proof room

using a SONY DAT recorder. All 168 sentences were digitised using a sampling rate of IOkHz onto a

KAY Computerized Speech Lab (CSL) model 4300, which was used to carry out all the acoustic analyses

and derive the acoustic parameters detailed below.

2.4 Acoustic analysis: acoustic parameters
A total of 18 parameters were derived for each of the 70 sentences (2 speakers x 5 sentences x 7 emotions)

in the following way:

2.4.1 The power of long term average spectra (1 parameter). The mean power (dB) of long term average

spectra was calculated using FFT analysis for the 70 sentences (frame length - 512 points, no pre-

emphasis. Blackman window).
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2.4.2 Mean energy and mean energy standard deviation (2 parameters). The mean energy (in decibels of

sound pressm- dB SPL) of the speech samples was calculated using a 20m frame length. The dB SPL are

computed hour the speech pressure waveform as 20 times the log of the square root of the energy which

has been divided by the number of sampled data points in the frame. The standard deviation values

calculated by this algorithm were subsequently used to derive the mean of the standard deviations to

provide an indicator of the variability of ergy.

2.4.3 Mean fundamental fiewency (l parameter). Mean fimdamental frequencies were obtained for each

phrase using an autocorrelation method and a frame size of 20 ms with a 20 ms frame advance.

2.4.4 Formant fi’equencies and formant frequency bandwidths (12 parameters). Mean formant frequencies

(F1 to F6) and formant fi'equency bandwidths (131 to 36) were obtained for each of the 163 sentences. This

was done using the full formant histories of an LPC analysis (10 ms frame length, 12th order filter. with

pre-emphasis - 0.9, with triangular window weighting, using the amocorrelation method, with a bandwidth

cut off of 500 Hz).

2.4.5 Utterance duration and articulation rate (2 parameters). Utterance durations were measured in

milliseconds. These durations were used to calculate articulation rate as the number of-syllables articulated

per second.

3. RESULTS

Mean and standard deviation values of the acoustic parameters for simulations are given in Tables 1 and 2

for acness RT (F) and actor RP (M), respectively. The data given in Tables 1 and 2 displayed both

similarities and differences between the portrayals of the two actors. These similarities included:

- for LTA: an increase for hot anger and elation, when compared to neutral and cold anger; an increase

for interest and elation compared to sadness; a decrease for happiness, sadness and interest compared

to cold anger, and a decrease for sadness compared to happiness;

0 for B: an increase for hot anger compared to neutral, cold anger and sadness; an increase in for hot

anger compared to neutral; a decrease for sadness compared to neutral, cold anger, hot anger and

happiness;

0 for (Esd): an increase for interest and elation compared to sadness; a decrease for sadness compared to

hot anger and happiness; and

I for F0: an increase for elation compared to sadness; a decrease for elation compared to netmal and

cold anger.

The differences between the simulations of RT and RP on the other hand included:

0 sadness being signalled by a significant increase in utterance duration and therefore a decrease in

articulation ratewhen compared to hot anger and happiness for speaker RP, which was not found in

the data of speaker RT; and

o happiness being signalled by a significant increase in F2 when compared to neutral for speaker RT,

which was absent in the data of speaker RP.
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Table 1. Mean and standard devimion values of acoustic parameters: speaker RT (F).

LI
I
o  

 

  
     

  

   

 

     

      

    
   

 
     

200 Proe.l.O.A. Vol 20 Pan 6 (1998)

 



 

Proceedings of the Institute of Acoustics

SIMULATED VOCAL EMOTIONS

   
SimulatedEmotion

--; ‘1:

.3

K 9
l

4

0

§Param

 

  

 

LTA (d3)

  

    

 

     

      

    

 

4 “
a

  
     

   
   
  

  

(Hz 1410 0
1.8 10.7

m2 7

BI 71 3
     

    

  
  

   

    

 
 

    
  

97 11.0 2.9
F2012) 1259.5 1209.9

65.0 75.2
173.2 208.2

. 45.0

1730-12) 2276.4 2207.5
66.3 19.6 44.8

23.5
(Hz

F4(Hz) 2940.3 2943.8

(Hz

431.3

2 .
  

  

207.3
8 2

an N A

E E: c:     

  

60.2 40.4

> 21.3 15.0 1
F5 (Hz) 3649.2 3673.9

75.6 97.6 43.8 .

32.9 15.0 13
F6(Hz) 4250.9 3434.9

24.2 39.6 94.9 141.1 .

55.9 56.1 s 40.8 25.2

137 138.9 111.7 109.7 246.9 1 .

EE_EE.3

Table 2. Mean and standard deviation values of acoustic parameters: speaker RP (M).
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In order to characterise the general pattern of these similarities and difl‘erenees between emotion and the

actors' simulations, the mean “cores of all 18 parameters were plotted according to emotion. These plots

can be found in Figure l and Figure 2 for speakers RT and RP, rewectively. These plots suggest that for

speaker RT (Figure l), the most distinct emotions are sadness and hot anger in terms of the number. degree

and excursion in z-scores representing the acoustic parameters of these simulations. For speaker RP

(Figure 2), sadness, elation and happiness were the most salient

 

Emotions

Figure 2: Mean z—scores for speaker RP (M) by emotion.
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The 18 acoustic parameters for all 70 sentences and seven o‘tinns were used to perform step-wise

discriminant analysis for the simulations of both speakers. The results of these are g‘ven in Table 3 for
but]: speakers RT and RP. Table 3 shows that with regard In the analysis, the numeric

measures for speaker RP were mssfiil in giving a100% correct classification for all seven emotions

For speaker RT the result is a little difi'uent, with cold anger being correctly classified 80% of the time

with 20% being classified as interest, therefore giving an overall correct classification rate of 97‘ 1%.

 

Predide judged Group Membership ("

 

  
Table 3. Results of discriminant analysis for speakers RT (F) and RP (M).

4. DISCUSSION

The data presented in this study clearly suggest that when simulating vocal emotion, actors adopted both

similar and idiosyncratic strategies to produce a target emotion. Sadness for example, is associated with

low levels of activity and energy. The result of this low level of activity is seen in some form Within the

portrayals of both actors with a general decrease in LTA, E and Bad and n gena-al increase in formant

fiequencies and bandwidths when compared to other emofio'ns. These data agree with Laokkmen et 51. [8]

who found low levels in 50mm pressure level (SPL) and small changes in SPL in the simulations of

nonsense syllables representing sadness. The lower articulation rate associated with sadness [5, 6, 7, 9, 10]

is portnyed in RP’s data but not RT‘s data. This difl‘erence in portrayals replicates the findings of others

that have also reported that individual differences exist in vocal parameters expressing emotion [3, 7, B].

The distinct nature ofsadness for both RT and RPhnwever, areillus‘lflted inFigures l and 2.

Another other basic emotion is anger which has a rather diffaent degree of activity compared to sadness. It

presents different acoustic profiles for both its forms. The more controlled Version of cold (seething) anger

is similar in quality to the explosive moonlmlled hot (raging) anger, but differs in intensity. In the

simulations here, bath actors had acoustic profiles that signalled high levels of activity and energy, but

these were exaggerated in the portrayals of hot anger. This pattern replicates previous findings mid
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highlights the need for studies to distinguish between these two emotions and therefore specify what form

of anger is being portrayed [3]. Figures 1 and 2 illustrate the difiemnces in intensity.

These preliminary data suggest that the simulated pomaysls of vocal emotions result in a varied and

complex rung: of acoustic characteristics. While some of them acoustic characteristics are common to the

simulation of some of the basic emotions such as sadness and hot anger, there are differences that may he

the result of idiosyncrasies and the different subjective interpretation of how a specific emotion should he

portrayed. What the study also highlights, is that the acoustic characteristics of vocal emotions, are

determined by aspects of voice quality, pitch and timing.
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