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Abstract

The  first  basic  acoustic  measurements  on  a  new corpus  of 
acted  emotional  expressions  are  presented.  The  corpus  has 
been constructed in an attempt to bridge the divide between 
naturalistic emotional expressions, laboratory inductions, and 
acted  expressions.  The  corpus  contains  a  large  number  of 
emotions (including some rarely studied ones) that have been 
elicited  from  professional  actors  in  interactive  sessions. 
Acoustic  measurements  of duration,  fundamental  frequency, 
intensity  and  voice  quality  parameters  are  presented.  The 
results show reliable effects for emotional expression, mostly 
confirming  predictions.  The  structure  in  the  data  and  the 
future applications of the corpus are discussed.
Index Terms: Emotional expression, vocal correlates, actors.

1.Introduction
Emotional expression can be studied in natural and laboratory 
contexts.  Both  approaches  have  their  pros  and  cons.  The 
appeal of collecting naturalistic emotional speech data lies in 
the  presumed  authenticity  and  naturalness  of  the  emotions 
portrayed.  Proponents  of  naturalistic  recordings  argue  that 
these qualities are more easily guaranteed in real-life settings 
than in laboratory settings. 

Laboratory settings, on the other hand, have the advantage 
of  carefully  controlled  conditions  and  a  priori  knowledge 
about  the  intended  emotions,  be  it  expressed  by  actors  or 
induced  by  experimental  manipulation.  Within  a  laboratory 
setting,  concerns about  authenticity  seem best  addressed by 
experimental induction of emotion. But, not all emotions are 
easily  induced.  While  joy,  anger  and  stress  have  been 
successfully  evoked  in  laboratory  settings,  contempt, 
tenderness  or  (sensual)  pleasure  are  arguably  less  easy  to 
elicit. Hence, for these and other less easily induced emotions 
acted expression is presently the only option.

Cowie et al. [1] list four important criteria to improve on 
the already available corpora of acted emotional speech [e.g., 
2]. First, the scope of the corpus needs to be considered, i.e., 
the  number  of  different  speakers,  their  language  or  dialect, 
and  the  types  of  emotional  states  expressed.  Second,  the 
naturalness needs to be addressed; even acted materials should 
be as close to nature as possible. Third, the fact that emotion 
is perceived in a multimodal context needs to be taken into 
account. Fourth, the possibilities of annotating and describing 
the  corpus  need  to  be  considered.  While  necessary  for 
research purposes, providing good recordings for annotation 
often conflicts with the naturalness requirement.

The  current  corpus,  the  Geneva  Multimodal  Emotional 
Portrayals (GEMEP) [3] tries to take into account the points 
raised  in  [1].  Ten  actors  of  different  ages  and  gender 
expressed emotions in interaction with a professional director, 
according to the principles put  forward by Stanislawski [4]. 
This  way,  a  more  natural  and  hence  more  generalizable 
emotion  is  expressed.  Furthermore,  the  corpus  consists  of 

eighteen emotions, of which several have rarely been studied. 
Finally, the audiovisual recordings have been carefully rated 
and selected. The corpus is currently being annotated in the 
vocal, facial and gestural domain.

Here, we present the first acoustic analysis of this corpus 
and point to future developments and possibilities.

2.Method

2.1.Corpus design and recording

The corpus consist of 18 emotions expressed (see Table 1) by 
ten actors (five males). The analyses presented here are on two 
nonlinguistic utterances “ne kali bam soud molen” and “koun 
se mina loud belam”. The actors were instructed to express the 
emotion in either a declarative or interrogative fashion.

Table 1. The 18 emotions in the corpus and their 
abbreviations

Valence
Positive Negative

A
ro

us
al H

ig
h

elation (joy)
amusement (amu)

pride (pri)

hot anger/rage (ang)
panic fear (fea)
despair (des)

L
ow

pleasure (ple)
relief (rel)

interest (int)

cold anger/irritation (irr)
anxiety/worry (anx)

sadness/depression (sad)
Additional  emotions:  admiration  (adm),  contempt  (con), 
disgust (dis), shame (sha), surprise (sur), tenderness (ten).

Twelve  emotions  were  expressed  by  all  ten  actors  and 
adhered to the two by two design presented in Table 1. The 
other six were expressed by five actors respectively. Together 
they represent not only the traditional basic emotions, but also 
less often studied affective states like tenderness and relief.

2.2.Portrayal selection

Several utterances for each combination of emotion, utterance 
type (declarative versus interrogative) were recorded for each 
actor.  A  subsequent  rating  study  on  1260  portrayals  was 
conducted to select the best expressions of each emotion for 
each  actor.  Criteria  for  inclusion  in  the  present  corpus 
depended  on  recognition  of  the  intended  emotion  and  the 
believability of the portrayal. Because raters could select more 
than  one  emotion  per  portrayal,  a  recognition-index  was 
computed that took into account the recognition accuracy for 
the  target  emotion  as  well  as  that  for  the  second  highest 
category  and  the  total  amount  of  ratings.  Based  on  these 
criteria, portrayals of shame were removed from the corpus as 
they  were  insufficiently  recognized.  Of  the  remaining 
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seventeen emotions, one portrayal by each actor was included 
in the corpus.

2.3.Acoustic analysis

Acoustic  parameters  (see  Table  2)  were  extracted  for  the 
complete utterance using the PRAAT analysis software [5].

Fundamental frequency parameters were obtained from a 
manually  corrected PRAAT F0 contour,  that  also served to 
calculate  jitter  measures.  Intensity  was  calculated  using 
standard PRAAT settings.

Table 2: Extracted acoustic parameters

Duration parameters

Duration mean

Duration voiced parts

Duration unvoiced parts

Duration silences

Fundamental frequency 
parameters

F0 mean and sd

F0 max (95%) and min (5%)

Intensity parameters
Intensity mean and sd

Intensity max (95%) and min (5%)

Voice quality parameters

Hammarberg Index1

Spectral flatness2

Energy below 1 kHz

Jitter and Shimmer

Autocorrelation
1The difference between the energy maxima in the 0-2kHz and 
2-5 kHz range.
2Quotient of the harmonic and geometric means of the power 
spectrum.

3.Results and Discussion

3.1.Duration parameters

Figure 1 shows the mean duration for each emotion and the 
mean  duration  of  the  constituents  (silences,  voiced  and 
unvoiced parts). There are clear differences in mean duration 
between the emotions, with sensual pleasure taking almost 3.5 
seconds while the same sentence takes only 1 second for fear.

3.2.Fundamental frequency parameters

The  mean  values  per  emotion  for  mean,  minimum  and 
maximum  F0  are  shown  as  lines  in  Figure  2.  The  mean 
standard deviation is shown in the bars. High values for F0 are 
observed for the typical high arousal emotions such as fear, 
anger and joy, but also for amusement and despair.

Figure 2 shows the high interrelatedness between mean F0 
and  the  maximum  and  minimum  values  with  overall 
correlations above 0.83.  Conversely, the correlation of these 
indices  with  the  mean  standard  deviation  is  much  weaker, 
ranging from 0.4 to 0.8.

3.3.Intensity parameters

The extracted values for intensity are displayed in Figure 3 in 
the  same  way  as  those  for  the  F0-based  variables.  Again, 
intensity  can  be  seen  to  be  related  to  arousal  in  that  low 
arousal emotions like sadness, admiration, and contempt score 
low on intensity and the typical high arousal emotions (but, 
again, also pride and despair) rank high.

3.4.Voice quality parameters

For  presentation  purposes,  the  measures  relating  to  voice 
quality  have been standardized and divided  into  parameters 
reflecting spectral slope (Hammarberg Index, Spectral flatness 
measure, and the energy below 1kHz), presented in Figure 4 
and  parameters  reflecting  small  perturbations  in  the  speech 

Figure 2: F0 extractions per emotion.

Figure 3: Intensity extractions per emotion.

Figure 1: Duration extractions per emotion.
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signal  (Jitter,  Shimmer  and  Harmonicity  to  noise  ratio), 
presented in Figure 5.

Both  figures  show  large  effects  of  voice  quality  in 
emotions  with  different  clusters  compared  to  the  previous 
measures. For example the difference between tenderness and 
sadness on the amount of energy below 1kHz or that between 
contempt  and  pride  on  the  Hammarberg  Index  in  the  first 
figure  is  not  found  for  F0  or  Intensity,  confirming  the 
suggestion that qualitative emotion differences beyond arousal 
would most likely be found in voice quality [2].

The voice quality variables in Figures 4 and 5 show quite 
a  bit  of  variation  over  emotions.  As they  have been  rarely 
studied in the past, it remains to be seen to what extent they 
reliably differentiate between emotions or groups of emotions.

3.5.Statistical analysis

As  a  first  step,  a  multivariate  analysis  of  variance  with 
emotion  as  factor  showed  all  but  a  few  variables  to  be 
significantly different across emotional expressions (Fmin [16, 
149] = 1,7, p < 0.05). Variables without a significant effect on 
emotion were the Duration of silences and Jitter. 

While silence duration and number of pauses have been 
shown to be related to emotions like shame or anxiety, acted 
expressions often fail to show this, primarily because actors 
are usually asked to utter an over-learned nonsense sentence. 
The absence of an effect of effect for jitter is more surprising, 
especially given that its intensity counterpart,  shimmer, does 

show  an  effect.  One  reason  might  be  that  small  pitch 
modulations are harder to artificially manipulate and thus do 
not show up in acted settings.

We  summarized  the  variables  further  with  a  principal 
components analysis, revealing five components of which the 
first  four  are  shown  in  Table  3  (explaining  76%  of  the 
variation). The first component is related to arousal, loading 
high and positive on F0 and intensity measures. The second 
component  reflects  duration  with  high  positive  loadings  on 
three  of  the  four  duration  indices  and  negative  ones  on 
intensity.

The  third  and  fourth  component  are  more  difficult  to 
characterize but both have to do with the amount of spectral 
variability in the signal. Component 3 loads high positive on 
shimmer  and  the  Hammarberg  Index  and  negative  on 
autocorrelation  and  the  amount  of  energy  below 1 kHz,  all 
measures  of  voice  quality.  The  fourth  component  reflects 
regularity with its negative loading on the standard deviations 
of intensity and fundamental frequency.

Table 3: Component matrix of the acoustic 
measurements, high positive loadings are in bold and 

low negative ones are in italics.

Component (variance explained)

1 (40%) 2 (14%) 3 (12 %) 4 (10%) 

Intmax 0.93 -0.08 0.06 0.14

Intmean 0.93 -0.11 0.05 0.16

F0mean 0.89 0.23 0.12 -0.16

F0min 0.83 0.12 0.07 -0.07

F0max 0.82 0.30 0.16 -0.26

Sfm -0.74 0.26 0.16 -0.38

HammI 0.73 0.05 0.40 0.07

Int<1kHz -0.71 -0.25 -0.41 -0.13

Durunvoiuced -0.66 0.36 0.44 0.12

F0sd 0.56 0.43 0.18 -0.36

Dur -0.24 0.86 -0.20 0.39

Dursilence 0.01 0.78 -0.02 -0.01

Durvoiced -0.04 0.60 -0.49 0.52

Shimmer -0.48 0.04 0.74 -0.02

Autocorr 0.60 -0.19 -0.66 0.11

Intmin 0.49 -0.25 0.34 0.69

Intsd 0.48 0.18 -0.31 -0.64

Jitter -0.04 -0.03 0.32 0.07

4.Conclusions

The results show that all but two of the acoustic variables we 
extracted  are  significantly  related  to  emotional  expression. 
The  subsequent  principle  component  analysis  revealed  a 
structure with fundamental frequency and intensity being part 
of  the  same  (activation)  factor.  Importantly,  all  factors, 
including  those  related  to  voice  quality,  contributed 
significantly to the extracted componential structure.

Figure 4: Voice quality extraction related to spectral 
slope per emotion.

Figure 5: Voice quality extraction related to small 
perturbations per emotion.
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In this first analysis, we did not address the issue of intra- 
and interindividual differences. Speakers obviously differ in 
important  acoustic  parameters  when  speaking  normally  and 
might also differ in how these parameters vary with emotional 
expression.  There  is  certainly  evidence  for  intra-speaker 
differences  in  emotional  expression  (see  for  example  [9]). 
This  corpus,  with  only  ten  speakers  and  a  much  greater 
amount  of  emotions  is  not  particularly  apt  to  address  this 
topic.

Related  to  the  question  of  inter-  and  intra-individual 
differences  is  the  extent  to  which  these  findings  can  be 
generalized to  other  speakers and contexts  and the possible 
pitfalls of using acted portrayals of emotion in general.  Our 
corpus was specifically constructed to bridge the gap between 
acted emotional expression and naturally observed emotional 
expression (see, for an example [10]), while at the same time 
maintaining  sufficient  experimental  rigor  and  studying  a 
broad array of emotions [1]. Whether the results of our corpus 
are  indeed  better  exemplars  of  spontaneous  emotional 
expression  will  be  the  object  of  future  comparisons  and 
validation studies.

The  scope  of  the  current  contribution  did  not  permit  a 
detailed  analysis  of  the  specific  differences between all  the 
emotions present in the corpus. A conscientious evaluation of 
the  predictions  made  with  regard  to  the  vocal  correlate  of 
emotional  expression  [6,7]  is  currently  in  preparation. 
Furthermore, by comparing the current corpus with the corpus 
presented  in  [2],  important  information  about  cultural 
differences  with  regard  to  emotional  expression  will  be 
obtained. Finally, the corpus will serve as a testbed for new 
signal  processing  techniques  to  improve  our  understanding 
vocal expression of emotion [see 8].
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