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Abstract 
This paper presents an experimental study of 136 utterances of 
aggressive attitudes in French: sarcastic irony, cold anger, hot 
anger, and a neutral control condition. Two male actors 
following a predefined scenario produced utterances on a 
controlled corpus including logatomes. Perceptual ratings by 
28 listeners of aggressiveness, dominancy, and control among 
a subset of 24 utterances are compared to measurements of F0 
and open quotient from EGG, vowel duration and formants 
values. More extreme forms of anger are rated as less 
controlled, more aggressive and dominant. Results indicate 
that the gradient of activation (sarcastic irony<cold anger<hot 
anger) corresponds to an increase of F0 (mean, range) and F1 
values, in line with the literature. However, variation in F2 and 
F3 values suggest that articulatory gestures are not 
systematically stronger in most activated attitudes. Opposite 
strategies of vocal tension variation for the production of hot 
anger by different speakers are revealed by open quotient 
analysis. The comparison of relative influences of attitude and 
consonantal context on production parameters extracted from 
128 utterances indicates that F2 and F3 are equally affected by 
both factors. Finally, limitations in the design of highly 
controlled though ecological corpora of attitudinal and 
emotional speech expressions are discussed. 

Index Terms: expressive speech, aggressive attitudes, 
emotion dimensions, acoustic analysis, electroglottography, 
coarticulation 

1. Introduction 
Recent studies on expressive speech tend to focus on the 
collection and analysis of large corpora recorded in real-life 
conditions with a low degree of experimental control. Such 
approach has become a must for realistic technological 
applications to expressive speech synthesis and automatic 
categorization ([1], [2], [3]), due to limitations of simulated 
expressive speech that tend to be prototypical and therefore 
not representative of naturally occurring expressions. 
However, fine-grained analyses of acoustic [4] or 
physiological measures ([5], [6], [7]) remain necessary to 
investigate more subtle phonetic phenomena. Such analyses 
require the production of expressive speech on directly 
comparable utterances, with lab recording conditions enabling 
the acquisition of articulatory and physiological data combined 
with highly controlled acoustic recordings. 

Enos & Hirschberg [8] proposed a general framework for 
the elicitation of naturalistic emotional speech in actor 
performance on controlled content. The authors underlined the 
necessity to focus on specific actions leading to particular 
affects rather than trying to reproduce the acoustic specificities 

of the expression itself. Such methodology has been applied to 
the GEMEP corpus [9] and to the IEMOCAP corpus [10].

While most controlled studies of expressive speech 
consider expressions distributed in the spectrum of core 
affects, this study focuses on aggressive attitudes that can be 
considered as subcategories of a broad anger category. In this 
study, we will rely on the phonostylistic definition of attitudes 
([11], [12]), considered as more controlled for communication 
purposes than core emotions, yet possibly overlapping part of 
the latter. The principal subcategories of anger considered in 
the literature are hot anger and cold anger [13]. Anger viewed 
as a fundamental emotion [14] is defined as an expansive, non-
controlled form of anger, usually referred to as hot anger [13]. 
According to Scherer, cold anger is anger's suppressed form, 
less emotionally activated and more controlled [3]. Other 
suppressed aggressive attitudes can be found, such as sarcastic 
irony, usually found in conflictual interactions [26]. 

The main objective of this study is to investigate subtle 
perceptual, acoustic and articulatory distinctions within the 
same emotion class, anger, with a focus on the relationship 
between attitudinal variation within this subset and formant 
values modifications linked to coarticulation. For this purpose, 
a dedicated corpus of logatomes with systematic consonantal 
variation inserted in a carrier sentence is produced by two 
actors in expressive scenarios, build to contextualize 
expressions produced in spite of the constraints induced by the 
selected utterances. More generally, the study presented in this 
paper is a first step towards fine-grained multi-sensor analyses 
of acted expressive speech with an effort of conciliating a high 
degree of experimental control with data naturalness. 

2. Methodology for data collection 

2.1. Speakers and speech material 
Two male native speakers of standard French aged 29 
(hereafter S1) and 31 (S2), both professional actors (theatre 
and cinema: participations in plays and medium-length 
features), were recruited to participate in the recording. 
Recruitment was based on the actors’ own interested in 
emotion expression through its vocal aspect (sound poetry, 
performances). 

The recorded corpus can be subdivided into two parts. The 
first part is composed of sixteen similar utterances containing 
logatomes with varying consonants embedded in a French 
carrier sentence (T1). The second part is composed of eight 
different semantically neutral French sentences (T2), selected 
from previous studies on vocal expressions of emotions and 
attitudes ([15],[16],[17]). For T2, the only sentence analyzed 
in this study is the interrogative sentence ‘Il vient demain?’
(‘Does he come tomorrow?’). For T1, an extract from the 
AUPELF-UREF corpus [18] was selected. T1 includes the 16 
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consonants of French presented one by one and combined with 
the vowel /a/. T1 is therefore composed of the French sentence
‘CaCaCa, tu n’as pas dit CaCa, mais CaCaCa’ (‘CaCaCa, you 
did not say CaCa but CaCaCa’), with C = /���������������	��
��������
�� ��� ��� ��� ��� ��� �/, for a total of 16 different sentences. The 
vowel /a/ was selected as the most open French vowel. Indeed, 
as shown by Yildirim [19], open vowels spectral 
characteristics are more affected by emotions and attitudes. T1 
was selected to enable fine-grained systematic phonetic 
comparisons, which was the primary goal of its design, while 
neutralizing the influence of lexical content in perceptual 
decoding. Despite its highly controlled and somehow artificial 
nature, the carrier sentence can easily be linked to a 
communicative situation, as for instance a dialogue in which 
the speaker would react to what the interlocutor just said to 
correct him or her. 

2.2. Recording setup 

2.2.1. Elicitation of emotional speech with actors 

From expressive targets presented in table 1, actors and 
experimenters built together realistic dialog situations 
including sentences of corpora T1 and T2. Text descriptions of 
expressive targets were given to the actors prior to the 
recording session, in order to let them prepare their acting 
performance. In addition, the actors rehearsed in the 
soundproof room until they felt comfortable enough with 
recording instruments to start the actual recording. 

Attitude 
2 2 2 li i i f hneutral neutral ‘It’s okay, it’s just a detail.’ 

sarcastic 
irony 

irony, contempt, 
mockery 

‘I despise you, you don’t even know 
what you’re talking about, it’s 

ridiculous’ 

cold 
anger Irritation 

‘How dare you! Do you really want to 
drive me crazy? I won’t give you this 

pleasure’ 
hot 

anger 
Rage 

explosive anger 
‘This is unacceptable! I am beside 

myself!’ 

Table 1: Expressive targets and implicit meanings for 
the production of utterance ‘…, tu n’as pas dit … mais 

…’ (‘…, you didn’t say … but …’) on each attitude.

2.2.3. Multi-instruments recording 

Recordings of acoustic and physiological signals were carried 
out using a hypercardioid headset microphone (AKG C520), 
an electroglottograph (EG2-PCX, Glottal Enterprise) and 
piezoelectric accelerometers (K&K sound) stuck on the 
speaker’s nose, all synchronized using the Pro Tools cross-
platform workstation. Complementarily, video recordings of 
the speaker’s face were done using a Sony Handycam HDR-
HC9E camera. Analyses reported in this study only concern 
acoustic and electroglottographic signals, data discarded due 
to technical limitations are discussed in section 5. 

2.3. Processing of EGG and acoustic signal 
As a first step, forced automatic phonetic labeling was 
performed using the EasyAlign tool [20]. Phoneme boundaries 
were then manually corrected by the first author. The 
electroglottographic signal was processed using MATLAB to 
extract f0 and open quotient (OQ), defined as the ratio of the 

open phase in the glottal cycle [21]. The raw signal was high-
pass filtered to remove its low frequency component irrelevant 
for voice source analysis. Positive and negative peaks 
corresponding to the glottis opening and closing instants were 
extracted from the derivative of the filtered signal, enabling 
direct computation of local f0 and OQ values. Values of f0 and 
OQ computed over the whole utterances where used to extract 
mean values on each vowel, on a subpart of the vowel lasting 
one third of its total duration and centered in its middle as 
labeled in the acoustic recording. In some of the recorded 
vowels, the EGG signal appeared as too weak to be analyzed, 
making the extraction of OQ values impossible. On those 
vowels, after manual inspection of the EGG and acoustic 
signal, the f0 value computed by the Praat software from the 
acoustic signal was used. However, such cases were not 
observed in the stimulus subset analyzed in section 3, and only 
for 8% of vowels analyzed in section 4. 

Mean values of the first three formants on the same 
subpart of vowels were automatically extracted from the 
acoustic signal using Praat, and checked for consistency with 
the known possible range of formant values in French vowel 
production. On top of that, speech rate in syllables per second 
(excluding pauses) and durations of vowels were extracted. 

3. Perception and production analysis 

3.1. Ratings of aggressiveness / dominance / control 
28 native French listeners (19 female, 9 male) participated in 
an evaluation of 12 utterances per speaker: two utterances 
from corpus T1 (‘tu n’as pas dit … mais …’) and one utterance 
from corpus T2 (‘Il vient demain?’) for each speaker per 
attitude pair. Mean acoustic intensities of the 24 stimuli were 
normalized prior to the evaluation. Each stimulus received 
ratings of aggressiveness (inoffensive/offensive), dominance 
(submissive/dominant), and control (uncontrolled/restrained), 
similarly to studies by Davitz [22] and Pereira [23], in which 
dominance was referred to as “power”. The listeners’ choices 
on the Likert scales were coded from -3 to +3, corresponding 
to the ascending gradation of the scale e.g. for aggressiveness, 
from very inoffensive (-3) to very offensive (+3). 

Figure 1: Mean perceptual ratings attributed to 
productions of both speakers by the 24 listeners on the 
dimensions of aggressiveness, dominance and control.
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Ratings were compared using an ANOVA for each 
dimension, with speaker and attitude as fixed factors. Analysis 
revealed a significant effect of attitude on all three perceptual 
dimensions (7.48<F(3,16)<45.01, p<.001 for all effects). A 
moderate  speaker effect (p=.036) was found only on control 
ratings. Tukey HSD post-hoc tests were used to determine a 
hierarchy among attitudes. For both speakers, irony received 
significantly higher ratings of aggressiveness perceived than 
neutral productions (p<.001), cold anger was perceived more 
aggressive than irony (p<.05). Hot anger was significantly 
perceived as more aggressive than cold anger (p<.001) for S1 
only. On the dominance dimension, for S1, only hot anger was 
perceived as more dominant than other productions (p<.001). 
For S2, all aggressive attitudes were rated as significantly 
more dominant than neutral productions (p<.001). Hot anger 
was rated as more dominant than sarcastic irony (p<.01) but no 
significant difference was found between hot anger and cold 
anger (p=0.48). For both speakers: aggressive attitudes 
received significantly lower ratings on the dimension of 
control than neutral productions (p<0.001). Hot anger is 
perceived as the least controlled aggressive attitude, followed 
by cold anger and irony, in line with [23].  

3.2. Dimensional ratings vs. production parameters 
Correlation coefficients were computed between mean 
dimensional ratings and the following parameters, computed 
as described above: formants (F1, F2, F3) mean values, f0 
(mean, range), speech rate and OQ. Results for corpus T1 and 
T2 are presented separately in table 2. Due to known 
difficulties in reliably extracting and interpreting formant 
values of nasal vowels, formant analysis is limited to corpus 
T1 (vowel /a/). For both speakers, a strong correlation between 
aggressiveness ratings and f0 range is found. Dominance 
ratings are also significantly correlated to F1 mean values in 
T1 and to mean vowel durations in both corpora. Significant 
correlations were found between control ratings and f0 mean, 
F0 range, and F2 values on /a/. Correlations were found to be 
globally higher on corpus T1 vs. T2. For S2, unexpectedly 
high correlations were found between F3 values and all three 
perceptive dimensions. 

Aggressiveness Dominance Control 

S1 S2 S1 S2 S1 S2 

f0 T1 ,920** ,653 ,807* ,568 -,894** -,742*

T2 ,445 ,861 ,319 ,757 -,610 -,984*

f0 
range 

T1 ,841** ,778* ,867** ,683 -,870** -,838**

T2 ,804 ,999** ,404 ,984* -,654 -,903 

OQ T1 ,594 -,352 ,387 -,293 -,453 ,488 
T2 ,718 -,610 ,961* -,487 -,803 ,560 

F1  T1 ,538 ,923** ,770* ,912** -,529 -,991**

F2  T1 ,636 ,789** ,316 ,786* -,732* -,835*

F3 T1 ,438 ,943** ,305 ,969** -,541 -,949**

Vowel 
dur. 

T1 ,460 ,643 ,746* ,709* -,416 -,687 
T2 ,643 ,957* ,950* ,965* -,847 -,738 

Table 2: Correlation coefficients between dimension 
ratings and acoustic values (mean over utterance 
except for F0 range) for all attitudes and types of 
stimuli produced by each speaker. Stars indicate 
significant correlations: * = p<.05; ** = p<.01.

3.3. Production parameters variation with attitudes 
Parameters extracted from acoustic and EGG signals were 
compared across attitudes with an ANOVA with attitude as 
fixed factor, separately for each speaker. Only significant 
effects are presented. For both speakers, significant effects are 
found only for f0 mean (9<F(3,8)=20;p<.05) and range 
(9<F(3,8)=<26;p<.01). Values are higher in aggressive 
productions than in the neutral productions, in line with results 
in the literature indicating a strong link between emotional 
activation and f0 mean and range ([13],[24],[25]). Maximal f0 
mean and range values are found in the production of hot 
anger for both speakers. Such high values for male speakers 
could be explained by a strong increase in sub-glottal pressure 
associated with the production of hot anger. Differences are 
observed in the production of sarcastic irony by S1, with mean 
f0 raised by 10 semitones compared to neutral (164 Hz) vs. S2 
with mean f0 lowered by 6 semitones (86 Hz). Those 
strategies can be linked to the two forms of sarcastic irony 
identified by Anolli & Ciceri [26]: vivid mockery with very 
high f0 mean and range values vs. lower f0 values close to 
scorn and contempt characteristics. 

The comparison of formant measurements was limited to 
the vowel /a/ in logatomes. The lack of degrees of freedom do 
not allow statistical testing, however observed tendencies 
seem worth to be noted. For all three formants measured on 
/a/, values increase from neutral to aggressive attitudes. For 
F1, the highest values are found for hot anger (S1: 804Hz, S2: 
871Hz), in line with the general tendency of F1 increase for 
higher activation ([13],[24],[25]). For F2, highest values are 
found in the expressions of sarcastic irony (S1: 1543Hz), and 
hot anger (S2: 1470Hz). Maximum values of F3 are found in 
the production of cold anger (S1: 2926Hz) and hot anger (S2: 
2817Hz). For S1, contrarily to S2, F2 and F3 maximum mean 
values are not found in the higher activated attitude, hot anger, 
but in the productions of sarcastic irony (max. F2) and cold 
anger (max. F3). These results tend to contradict the general 
view of cold anger as less activated than hot anger. 

4. Attitudes and consonantal context 
In order to evaluate the relative impact of attitudinal and 
consonantal context variation on the characteristics of the 
same vowel (/a/) produced with systematic variation, 
parameters described in section 2.3 were extracted from all 
128 utterances of the logatomes corpus T1. In a first approach, 
effects of attitude, consonantal context and their interaction on 
measurements of f0, F1, F2, F3, OQ and vowel duration were 
examined for each speaker in 2-factor ANOVAs. Results 
indicate significant main effects and interaction with p<.01 in 
all cases. Statistical effect sizes (see [27] for a review) were 
compared using η², interpretable as the ratio of variance 
explained by different effects in an ANOVA. η² values are 
summarized in Table 3 for significant effects and interactions. 

In line with results in the literature [25] and tendencies 
observed in section 3, stronger effects are found for the effect 
of attitude on F0 and on F1. These strong effects are 
associated to a weak effect of the consonantal context and a 
weak interaction. This tendency of a main influence of the 
attitude produced is also found to a lesser extent for OQ 
values. Closer examination of OQ values across attitudes 
reveals opposite strategies in vocal tension between the two 
speakers for the realization of hot anger: while S1 produces 
this attitude with a higher OQ compared to neutral condition 
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(.60 vs. .54, breathier voice), S2 produces it with lower OQ 
(.49 vs .60, tenser voice). Since differences in mean values for 
S1 are close to just noticeable difference of OQ, measured as 
ranging .058-.087 for untrained listeners by [28], voice tension 
variation is unlikely to be perceptively salient in this case. 

Spk Effect f0 F1 F2 F3 Oq Dur
att 78% 50% 21% 20% 30% 4%

S1 cons 2% 4% 22% 17% 12% n.s.
att*cons 3% 7% n.s. 14% 7% n.s.
att 75% 69% 11% 42% 34% 26%

S2 cons 2% 3% 20% 6% 13% 8%
att*cons 5% 10% 13% 11% 4% 11%

Table 3: η² values of effect sizes obtained for factors 
attitude (att), consonantal context (cons) and their 

interaction in 2-factors ANOVAs with f0, F1, F2, F3 
or vowel duration as dependant variable, separately 

for each speaker. n.s. = non-significant effect.

Relative effects of attitude and context on F2 and F3 are 
more balanced, with a different pattern for each speaker and 
relatively stronger interactions (except for F2 values of S2). 
These interactions suggest variable adjustments between 
articulatory constraints linked to consonantal articulations and 
attitudinal values. Finally, only a very weak effect of attitude 
on vowel duration measurements was found for S1, while a 
moderate effect was found for S2. 

5. Discussion 
This pilot study only presents analysis of common global 
parameters of expressive speech characteristics. Further 
analyses should be conducted to explore more precisely the 
variations on different dimensions of speech production (f0, 
formants, glottal behavior). Concerning f0, beyond the link 
between f0 general height and range and emotional activation 
widely discussed in a number of studies (see e.g. [24]), F0 
dynamics and specifically expressive prosodic patterns carried 
by f0 contours would deserve a deeper analysis. For instance, 
figure 2 presents f0 contours of the logatomes /mama/ 
preceding a major continuation boundary ([29]). Inversions of 
melodic contours can be observed between neutral productions 
and aggressive attitudes. Theoretical accounts to such 
tendencies for descending melodic contours in aggressive 
attitudes can be found in Ohala’s frequency code [30], 
suggesting that descending contours are linked to a more 
dominant and threatening attitude. Moreover, productions of 
the speaker 2 for irony and cold anger match Fónagy’s 
predictions of abrupt f0 fall for aggressive attitudes [12]. 

The very high F3 values measured on hot and cold anger 
for both speakers can be explained by a strong tongue 
lowering and lip stretching on the productions of cold anger, 
and a maximal jaw opening on the productions of hot anger, 
qualitatively observed in video recordings. An articulatory 
study combined to acoustic simulation would be necessary to 
establish reliable links between formant values and facial 
expressions. Such articulatory recording have been previously 
conducted using motion capture on labial articulation [5] or 
with an electromagnetic articulatograph [6], the latter study 
reporting strong jaw opening and lip stretching for hot anger 
productions. The use of the Qualisys motion capture system 
has been considered in the design of the recording setup. 
However, pretests indicated incompatibility with realistic 

productions of hot anger. Indeed, infrared markers stuck on the 
speakers’ face fell down quite quickly when they started to 
produce this highly activated attitude, due to the amplitude of 
facial movements and the perspiration of both speakers. 

Figure 2: f0 contours in semitones of the logatome 
/mama/ preceding a major continuation boundary, 
for aggressive attitudes and neutral by speaker S2, 

aligned on mean phonemes boundaries. 

Beyond motion capture, other measurements could not be 
included in the study due to the high acoustic signal intensity 
in the production of hot anger: the gain of the acoustic signal 
had to be adapted to avoid saturation, making recorded 
variations of intensity unusable. Moreover, nasality 
measurements from the signal of a piezoelectric accelerometer 
stuck on the speaker’s nose (as in [31]) also had to be removed 
from the analysis. Indeed, the intensity of this signal has to be 
normalized by the oral intensity to be interpretable. Attitudinal 
nasality is a domain that lacks experimental investigations and 
further studies should be conducted. 

6. Conclusions 
Expressions of hot anger, cold anger and sarcastic irony in 
French, viewed as instances of a same broad expressive class 
were analyzed. Two male actors produced a corpus of 
logatomes and semantically neutral sentences following an 
elicitation scenario, with audio and EGG acquisition. 28 naïve 
listeners rated perceived aggressiveness, dominance and 
control on a subset of 24 utterances including neutral 
productions. The more attitudes are perceived as aggressive 
and dominant, the less they are perceived as controlled. This 
goes along with the definition of hot anger as a very activated 
and uncontrolled emotion [24]. Less activated and more 
controlled forms, as sarcastic irony and cold anger, are 
perceived as less aggressive and dominant. Aggressiveness 
ratings are strongly correlated with f0 range measurements, 
while dominance ratings are correlated with F1 measurements 
on vowel /a/. Evaluated attitudes differ mainly in f0 mean and 
range. 

The comparison of relative influences of attitude and 
consonantal context on a larger set of 128 utterances with 
systematic consonantal context variation confirms that f0 and 
F1 are mainly influenced by attitudinal variation, in line with 
the literature ([24], [25]). Effect sizes of coarticulation and 
attitude are more balanced for F2 and F3 measurements. Open 
quotient measurements were found to be more influenced by 
attitude than consonantal context, with small but perceivable 
differences in vocal tension. 
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