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Abstract

We explore the usage of voice quality and prosodic contour in the identification of emotions and attitudes in French. For this purpose,
we develop a corpus of affective speech based on one lexically neutral utterance and apply prosody transplantation method in our per-
ception experiment. We apply logistic regression to analyze our categorical data and we observe differences in the identification of these
two affective categories. Listeners primarily use prosodic contour in the identification of studied attitudes. Emotions are identified on the
basis of voice quality and prosodic contour. However, their usage is not homogeneous within individual emotions. Depending on the
stimuli, listeners may use both voice quality and prosodic contour, or privilege just one of them for the successful identification of emo-
tions. The results of our study are discussed in view of their importance for speech synthesis.
� 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Affective speech attracts considerable attention of
researchers both on the production and perception levels
(Izdebski, 2007; Hancil, 2009). In their search for acoustic
correlates of affective speech, production studies have iden-
tified the principal role of speech prosody; more precisely,
such prosodic features as fundamental frequency, speech
rate, intensity and voice quality are strongly correlated with
affective state (Williams and Stevens, 1972; Banse and
Scherer, 1996; Bachorowski, 1999; Hammerschmidt and
Jürgens, 2007). Different production studies propose vocal
profiles for affective states, but these profiles reveal consider-
able variability (Murray and Arnott, 1993; Johnstone and
Scherer, 2000). No consensus exists for this phenomenon,
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even though some suggestions are put forward. For exam-
ple, Scherer (2003) has proposed that this variation may be
due to different types of arousal and intensity variation for
studied affective states.

In spite of this discovered variability on the production
level, perception studies show that humans can identify
affective states in speech with high accuracy (Scherer
et al., 2001; Pell et al., 2009b). Moreover, these studies
show that affective states can be successfully identified by
listeners not only in the speech expressed by speakers of
the same language, but also by speakers of other languages,
thus showing universality in the recognition of vocal affects
similar to facial affects. Nevertheless, cross-linguistic differ-
ences are also found in affective speech perception
(Elfenbein and Ambady, 2003; Pell et al., 2009a; Erickson,
2010). An important factor in cross-linguistic affective
speech research may be the distinction between different
types of affective states, such as emotions and attitudes.
ality and prosodic contour in affective speech perception, Speech Comm.
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According to Scherer, emotions are usually expressed in an
intense way in response to a highly significant event; in
addition, the identification of emotions is largely universal
(Scherer et al., 2001; Scherer, 2003). Attitudes belong to a
different affective category. They may be described as rela-
tively enduring and affectively charged beliefs and predis-
positions; they are less intense and more socially and
culturally controlled than emotions (Scherer, 2003). More
cultural differences have been observed in the identification
of attitudes (Mejvaldova and Horak, 2002; Shochi et al.,
2006).

In the present work, we classify perception studies of
affective speech into two categories: one is focused on the
level of accurate recognition of affective states in speech
(Scherer et al., 2001; Dromey et al., 2005; Thompson et al.,
2004), the other undertakes the perceptual evaluation of pro-
sodic features, such as voice quality and prosodic contour, in
their ability to convey affective states (Gobl and Nı́
Chasaide, 2003; Yanushevskaya et al., 2006; Bänziger and
Scherer, 2005; Morel and Bänziger, 2004; Chen, 2005;
Rodero, 2011). Here, we are principally interested in the lat-
ter one. The works of Gobl and Nı́ Chasaide (2003) and
Yanushevskaya et al. (2006) show that voice quality alone
may evoke affective associations, even though these do not
exist on a one-to-one basis; a particular voice quality, for
example creakiness, may be associated with several affective
states. Research on the prosodic contour also shows
associations between various prosodic features and affective
states, even if these results vary depending on the number of
prosodic features and the selection of affective states,
and on the strength and nature of their associations
(Yanushevskaya et al., 2006; Bänziger and Scherer, 2005;
Morel and Bänziger, 2004; Chen, 2005; Rodero, 2011).

In order to avoid the influence of affective lexical meaning,
perception research proposes several methodological
approaches to study prosody in affective speech: speech filter-
ing, usage of tonal sequences, usage of non-words, usage of
words from foreign languages, usage of lexically neutral utter-
ances (Lakshminarayanan et al., 2003; Thompson et al., 2004;
Scherer, 2003; Bänziger and Scherer, 2005; Gobl and Nı́
Chasaide, 2003; Chen, 2005; Rodero, 2011). We classify
speech corpora used in these studies into two main categories:
utterances with or without lexical content. Perception experi-
ments on the basis of utterances with lexical meaning establish
more stable associations between affective meaning and pitch
(Chen, 2005; Rodero, 2011). Perception studies on the basis of
utterances without lexical meaning (Bänziger and Scherer,
2005; Yanushevskaya et al., 2006; Gobl and Nı́ Chasaide,
2003) show associations between prosodic contours and affec-
tive states to a certain extent, but these observations are less
conclusive than those for the voice quality. We suggest that
the usage of meaningless utterances may trigger a bias in the
perception of the prosodic contour and minimize its impor-
tance, as it is not possible to chunk these utterances into syn-
tactic units. Indeed, the absence of linguistic gating points
for the prosodic contours may disturb the perception of
affective meaning.
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On the other hand, if the corpus of affective speech con-
tains affective lexical meaning, it is difficult to fully counter-
balance its influence in the perception as shown in our
previous study (Grichkovtsova et al., 2007). Accentual
prominence is generally realized on the informationally
important words of the utterance, precisely those that are
involved in the affective identification. By putting emphasis
on these words, an affectively neutral prosodic contour acts
as a ‘lexical amplifier’ and facilitates the identification of
affects. These considerations motivated us to run a percep-
tion experiment on the basis of a corpus with neutral lexical
meaning in order to evaluate the specific role of prosodic
contour in the identification of affective states without
interference with prosodic amplification for affectively
charged words.

Our study is designed to investigate the perceptive value
of voice quality and prosodic contour, in the identification
of affective states in French. Voice quality is considered to
be part of prosody (d’Alessandro, 2006). In the present
work, we use the definition of the voice quality proposed
by Laver (1994). It describes the voice quality through pho-
natory, articulatory and overall muscular tension compo-
nents. We define the prosodic contour as the set of
prosodic features other than voice quality, i.e. intensity,
fundamental frequency, speech rate and rhythm. Thus,
we explore the perceptual value of prosodic features not
individually, but grouped under two categories, i.e. voice
quality and prosodic contour.

Our main objective is to determine whether the prosodic
contour and voice quality are equally important for the
perception of affective states or, conversely, if one of them
may be privileged. Our research hypothesis is that voice
quality may be privileged for marking emotions, while var-
iation of prosodic contour is more present in the expression
of attitudes. To address our research questions, we have
established a corpus of affective speech and developed an
experimental methodology to evaluate the role of prosody
in the identification of the affective states.

The article is organized as follows. In Section 2, we pres-
ent our methodological considerations for the corpus design,
our recording procedure and perception test methodology.
Then, we report our data analysis based on logistic regres-
sion in Section 3. Finally, we discuss the contribution of
our results to the theoretical understanding of affective
speech and their implication for speech synthesis.

2. Methodology

2.1. Corpus recording

In order to build a corpus of affective speech which can
be effectively used in our perception study, we considered
several important methodological issues mentioned in the
Introduction. A detailed methodological discussion is
available in (Grichkovtsova et al., 2009). To take into
account the individual variability observed in the affective
speech, a multi-speaker recording was designed. We chose
ality and prosodic contour in affective speech perception, Speech Comm.
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not to work with professional actors who may produce ste-
reotyped and exaggerated patterns but to record lay people
through an induction method. Similar recording proce-
dures were recently used by Murray and Arnott (2008)
and Barkhuysen et al. (2010).

Twenty-two lay adult persons, native speakers of
French, were recruited for the corpus recording. They were
students and staff from the University of Caen. The num-
ber of male and female speakers was balanced. The record-
ing was done with a portable recorder Microtrack 24/96
and a clip-on lavalier microphone AT831R in a quiet
room. An induction technique was used in the recording
procedure. A specific text was designed and tested by the
authors for each studied affective state; each text contained
affectively charged words and expressions appropriate for
the situation. The same neutral utterance was inserted in
the middle of each text: “Je vais rentrer à la maison main-

tenant.”/“I am going home now.” The texts are given in
the Appendix. The speakers were instructed to imagine
the situation described in the text and to read it three times
in order to feel themselves in the described context. The
idea was that the lexically neutral utterance would carry
the affective state which was acted through the whole text
and induced by the affectively charged text. One realization
of the token utterance was extracted for each affective state
to constitute the corpus. For reference, a neutral statement
and a neutral interrogative were recorded according to the
same induction procedure. The texts created for the record-
ing of the neutral do not carry any emotional or attitudinal
meaning, their communicative intention may be regarded
as purely informational.

Two categories of affective states were recorded accord-
ing to this methodology. The first category includes emo-
tions, such as anger, disgust, fear, grief, joy, happiness
and sadness. These affective states are often called basic
emotions (Ekman, 1999; Izard, 1971; Plutchik, 1993). The
second category represents attitudes: authority, contempt,
hesitation, obviousness, politeness, shame, incredulity and
surprise. The last affective state was in this category for sev-
eral reasons. Even if some authors classify this affective
state as an emotion (Ekman, 1999; Izard, 1971; Plutchik,
1993), others claim that it does not belong to basic emo-
tions because it can have any valence (positive, negative
or neutral) and can be combined with any emotion (Oatley
and Johnson-Laird, 1987; Ortony and Turner, 1990; Power
and Dalgleish, 2008). In our study, we use an induction text
to record surprise with a neutral valence, and we classify it
among voluntarily controlled social affects, or attitudes.
Surprise has already been classified and studied as an atti-
tude in affective speech research (Rilliard et al., 2009;
Shochi et al., 2009).

2.2. Evaluation test

Our recorded corpus of lexically neutral utterances was
divided into three parts and evaluated separately through
the identification test. The first part was classified as
Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
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emotions; it consisted of seven emotions (anger, disgust,
fear, grief, joy, happiness, sadness) and a neutral statement
which amounts to 176 stimuli (22 speakers � 8 states). The
second part was classified as statement attitudes; it con-
sisted of six attitudes (authority, contempt, hesitation,
obviousness, politeness, embarrassment) and a neutral
statement, 154 stimuli (22 speakers � 7 states). The third
part was classified as doubt/interrogative attitudes; it had
incredulity, surprise, neutral interrogative, and neutral
statement for reference, 88 stimuli (22 speakers � 4 states).
The separation of attitudes into two subgroups was moti-
vated by the necessity to control the length of the tests;
moreover, previous studies have shown that interrogative,
incredulity and surprise form a perceptual category and
are primarily confused between themselves (Shochi et al.,
2009).

We normalized the intensity level of our stimuli accord-
ing to the following procedure. First, we measured the
intensities for all the neutral utterances and calculated the
mean value across the 22 speakers. Next, we calculated
the deviations of individual speakers in percentage for their
neutral utterances (for example, +10% or �15% from the
mean value). These calculated values were used to perform
the same normalization for each affective utterance of indi-
vidual speakers. Thus, all the neutral utterances have the
same intensity level. This approach allows to normalize
the intensity levels across speakers and to preserve individ-
ual strategies in affective realizations.

The identification test was run on a computer with the
Perceval software (Ghio et al., 2007). Sennheiser head-
phones HD500 were used. All the stimuli were presented
in a random order. The running time was about 20 min
for each subtest. The listeners could listen to the stimuli
just once and they had to choose one of the affective states
from the list shown on the computer screen. The identifica-
tion test served to validate the recorded corpus and to filter
out badly identified utterances.

Twelve native French listeners (average age 30 years)
participated in the test. We fixed the threshold of accep-
tance at 50% (at least 50% of listeners could identify the
expressed affective state). This level of acceptance was cho-
sen in order to exclude those utterances which were identi-
fied above chance but which were significantly confused
with other affective states. We considered that the selection
of utterances with high level of identification was impor-
tant for our perception experiment. The results of this eval-
uation test are compiled in Table 1 which shows the
number of utterances selected out of the recorded corpus
with the identification level above 50%. Based on the
results of the evaluation test, some affective states, such
as fear, disgust, contempt, politeness and embarrassment,
were finally discarded from the corpus, as they did not have
enough utterances at the chosen identification level.

The selection of neutral utterances for the perception
test was based on the joint analysis of the results of the
three subtests. Only those utterances which were identified
as neutral and scored at least 50% in all the subtests were
ality and prosodic contour in affective speech perception, Speech Comm.
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Table 1
The number of utterances validated for the perception test from the
recorded corpus.

Emotions Attitudes Neutral

Anger – 8 Authority – 8 Statement – 8
Grief – 5 Hesitation – 4 Question – 8
Happiness – 5 Incredulity – 2
Sadness – 6 Obviousness – 3

Surprise – 8
Subtotal 24 25 16

Table 2
Percentage of correct responses for attitudes and emotions.

Affective category Natural (%) Prosody (%) Voice quality (%)

Emotion 77 39 35
Attitude 71 54 13

Table 3
Output of logistic regression model for the joint analysis of emotions and
attitudes. The degree of significance is coded as follows: *** for 0.0001, **
for 0.001, * for 0.01, and � for 0.05.

Estimates b StdErr Wald z Pr(>jzj)
Intercept 0.5777 0.2250 2.567 0.0103 *
Affect 0.3176 0.1467 2.166 0.0303 *
Prosody 0.1847 0.3027 0.610 0.5418
VQ �3.6908 0.3588 �10.286 0.0001 ***
Prosody � affect �0.9278 0.1958 �4.739 0.0001 ***
VQ � affect 0.9294 0.2189 4.246 0.0001 ***
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first selected. The number of validated neutral utterances
was higher than the maximum validated for emotions
and attitudes (8 utterances for anger, authority and sur-
prise). In order to balance the number of validated utter-
ances for other categories, only eight neutral utterances
with the best identification level were finally selected. The
number of interrogative utterances was also reduced to 8
for the same reasons.

The recording procedure was designed so that the
expression of emotions and attitudes induced from the
beginning of the text with emotionally marked lexical
meaning would propagate in the production of the neutral
utterance. Nevertheless, in practice this approach did not
work for all the recorded affective states. We noticed that
the realization of affective states was sometimes concen-
trated in one part of the text. This was the case for disgust:
this emotion was mainly realized in the utterances with
affectively charged words, but it did not propagate through
the whole text. For our perception experiment, we were not
able to use these utterances, as their lexical meaning was
not neutral. The difficulty to select a high number of well
identified affective utterances from our recorded corpus
may be also explained by the findings reported by
Barkhuysen et al. (2010). They suggested that emotions
recorded through an induction method are more difficult
to identify than emotions acted in a stereotyped or exagger-
ated way. Despite the reported difficulties, we chose the
induction method in order to work with natural realiza-
tions and in perspective to apply them to speech synthesis.
We are interested to see if natural realization of affective
speech may be successfully used and recognized in speech
synthesis.

Our induction-based methodology was designed to
record a corpus of affective speech devoid of the stereotyp-
ical aspects of acted speech. By doing so we saw that it
proved more difficult to obtain a recording of some affec-
tive states (fear, disgust, contempt, politeness and embar-
rassment) realized on the token utterance, which satisfies
our strict criteria (high percentage of identification, and
no confusion with other affective states). The problem of
confusion in the identification process concerned some pro-
sodically close affective states, i.e. obviousness/authority,
and incredulity/surprise. Most of our incredulity utterances
were identified as surprise, and most of our obviousness
utterances were identified as authority; still we obtained
several utterances according to our selection criteria. Had
Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
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we discarded these two attitudes (incredulity and obvious-
ness) more difficult for identification, this would have low-
ered the range of our study: the possibility to distinguish
these affective states by their prosodic contour was an
important issue to address.

The recording of a large number of speakers was useful
to compensate, to a certain extent, for the fact that some
realizations were not successful or were not actually prop-
agated to the neutral utterance. Thus, we were able to
record a corpus of 65 utterances realized by different speak-
ers as shown in Table 1. The identification level of these
utterances is reported in Tables 2, 4 and 7 under the ‘nat-
ural’ category. To summarize, only incredulity has its iden-
tification level at 50%, all the other affective states are
identified above 65%. The number of selected utterances
varies within affective states, but the two studied categories,
emotions and attitudes, are well balanced: 24 and 25 utter-
ances accordingly.

2.3. Perception experiment

We chose a prosody transplantation paradigm (Prudon
et al., 2004) to address our main research question: what
are the roles played by the voice quality and the prosodic
contour in the identification of affective states? This
method was previously used for the evaluation of different
speech synthesizers (Garcia et al., 2006) and then used in
the perception analysis of affective speech (Morel and
Bänziger, 2004; Grichkovtsova et al., 2007).

The transplantation paradigm allows to extract and
exchange the prosodic contour (fundamental frequency,
intensity and temporal parameters) between two utterances
with the same segmental content. In our case, the exchange
involves natural utterances from our affective speech cor-
pus and synthesized utterances with a neutral prosodic con-
tour. The synthesized utterances are built with KALI, a
French-speaking text-to-speech diphone synthesis system
ality and prosodic contour in affective speech perception, Speech Comm.
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Table 4
Results of the perception test for emotions, presented in a confusion matrix. The identification level is displayed in percentages. Statistically significant
values are in bold.

Encoded emotions Type of stimuli Decoded emotions

Anger Grief Happiness Neutral Sadness

Anger Natural 89 0 7 4 0
Prosody 54 0 14 31 1
VQ 41 7 1 35 16

Grief Natural 0 69 0 3 28

Prosody 3 37 7 27 26

VQ 11 34 0 17 38

Happiness Natural 12 1 77 10 0
Prosody 19 6 43 30 2
VQ 12 17 11 38 22

Neutral Natural 3 1 9 82 5
Prosody 1 6 4 77 12
VQ 6 15 1 46 32

Kali 8 4 1 80 7

Sadness Natural 1 19 0 12 68

Prosody 19 10 0 55 16
VQ 5 32 1 14 48

Table 5
Output of linear logistic regression model for emotions. The significance codes are as follows: *** for 0.0001, ** for 0.001, * for 0.01, and � for 0.05.

Coefficients Estimates b Std. error z-value Pr(>jzj)
Intercept 0.80012 0.21622 34.700 0.0002 ***
Prosody �1.33234 0.29942 �4.450 0.0001 ***
Voice quality �1.46341 0.30218 �4.843 0.0001 ***
Anger 1.26534 0.33068 3.827 0.0001 ***
Happiness 0.40819 0.32127 1.271 0.2039
Sadness �0.03099 0.29200 �0.106 0.9155
Prosody � anger �0.55767 0.42124 �1.324 0.1855
Prosody � happiness �0.15783 0.43234 �0.365 0.7151
Prosody � sadness �1.10748 0.43669 �2.536 0.0112 *
VQ � anger �0.98153 0.42405 �2.315 0.0206 *
VQ � happiness �1.83564 0.49992 �3.672 0.0002 ***
VQ � sadness 0.62759 0.40397 1.554 0.1203
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(Morel and Lacheret-Dujour, 2001). This synthesis system
is used for research purposes; it is also commercialized for
visually impaired people interested in high speed reading
with good quality intelligibility and for industrial applica-
tions requiring high miniaturization.

Though natural speech can be used for prosody trans-
plantation, we chose to use diphone synthesis. Diphone
synthesis uses a minimal speech database containing just
one instance of each diphone (sound-to-sound transition)
in the language. Each diphone is selected from a corpus
of dozens of diphones on the basis of such important crite-
ria as high intelligibility and stability to prosodic variation.
Diphone synthesis thus produces an unnaturally hyperar-
ticulated voice, but it is homogeneous, intelligible and sta-
ble to changes in prosodic contours. The stability of the
synthesized voice allows to concentrate the listener’s atten-
tion on the prosody in perception experiments. For this
reason, diphone synthesis systems, such as MBROLA,
are widely used in prosody research (Dutoit et al., 1996).
Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
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Two versions of the utterance were initially synthesized
with Kali: one with a male voice, the other with a female
voice. These two versions were based on the realization
of the utterance in an unreduced manner:

/jEver~Atrealamezõm~etEn~A/. As some recorded speakers
used reduction in their utterances, a complementary ver-
sion was synthesized to prevent difficulties in transplanta-
tion: /jver~Atrealamezõm~etn~A/. The synthesized utterances
do not have any vocal affective meaning, as KALI does
not perform this type of treatment. Nevertheless, we
include the original synthesized utterances in the percep-
tion experiment to see if they are associated with any affec-
tive state.

We used our validated corpus of 65 utterances for the
preparation of the audio stimuli (24 utterances for emo-
tions, 25 utterances for attitudes and 16 utterances for neu-
tral). In the process of prosody transplantation, the
prosodic contour of Kali was mapped onto the utterances
encoded by the speakers, and the prosodic contours of
ality and prosodic contour in affective speech perception, Speech Comm.
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the speakers were mapped onto the utterances synthesized
with Kali. Three versions of each utterance were thus
developed: version 1 – ‘natural’ (natural prosodic contour
and voice quality encoded by the speaker), version 2 –
‘voice quality’ (natural voice quality of the speaker and
prosodic contour from Kali), version 3 – ‘prosody’ (natural
prosodic contour of the speaker and voice quality from
Kali). For control reasons, we included original synthe-
sized utterances in the audio stimuli (2 versions for the
male voice and for the female voice). It was important to
experimentally confirm that synthesized utterances were
identified as neutral, and that the prosodic contour of Kali
does not carry any vocal affective meaning. In total, we
designed 199 audio stimuli: 65 ‘natural’ stimuli, 65 ‘voice
quality’ stimuli, 65 ‘prosody’ stimuli and 4 pure Kali
stimuli.
2 Number of stimuli: [24 utterances (emotions) + 8 utterances (neutral
2.3.1. Effect of prosody transplantation on voice quality

The term of voice quality has two definitions. Laver
(1980, 1994) proposed this term to describe the total vocal
image of a speaker. In this broad sense, voice quality refers
to phonatory, articulatory and overall muscular tension of
individual speech. It is also used in a narrow sense, for
example by Gobl and Nı́ Chasaide (2003) and Campbell
and Mokhtari (2006), to describe only phonation types or
laryngeal qualities, such as breathiness, creakiness,
harshness.

In our study, we used the prosody transplantation to
create our audio stimuli. The prosodic contour was
exchanged between a natural utterance and a synthesized
utterance. It is supposed that the prosody transplantation
acts on the prosodic contour, i.e. its fundamental fre-
quency, intensity and temporal parameters, but that it does
not modify the voice quality characteristics, its phonatory,
articulatory and tension components, as defined by Laver
(1994). Thus, in principal, the prosody transplantation
allows to study the effect of prosodic contour without voice
quality modification of the transformed signal. In reality,
we could observe that this method worked quite effectively
for neutral speech, while for affective speech, separation
between voice quality and prosodic contour was sometimes
difficult due to their interaction. These difficulties con-
cerned especially those affective utterances for which speak-
ers used important modifications of articulatory reduction
level, overall tension or pitch excursions.

The articulation rate1 is one of the prosodic features
which interacts strongly with voice quality parameters,
e.g. the articulatory characteristics of speech. The articula-
tory range describes the excursion size of movements for
the lips, jaw and tongue. When the articulation rate
increases, the speakers reduce their articulation range. As
a result, vowels are less distinguished from each other,
some of them are reduced or even dropped; consonants
are also reduced, assimilated or dropped. Conversely, when
1 The rate at which a given utterance is produced (Laver, 1994).

Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
(2011), doi:10.1016/j.specom.2011.10.005
the articulation rate decreases, the articulatory range gets
larger: speakers produce larger contrasts between vowels
and more precise articulation of consonants. Moreover,
the articulation range is often correlated with a particular
overall muscular tension: laxness participates in the narrow
articulation range, while tenseness is associated with wider
ranges of labial, mandibular and lingual articulation. Pitch
parameters also interact with voice quality. For example,
wider pitch excursions are associated with more tenseness
and vowel prolongation.

During the transplantation process, a natural affective
utterance receives a neutral prosodic contour. The articula-
tion rate and pitch parameters of the new prosodic contour
can sometimes considerably contradict the original articu-
latory reduction level, muscular tension and articulation
range, resulting in an undesirable phenomenon: an impres-
sion of unnaturally high speech rate, excessive muscular
tension, etc. Hence, some of the ‘voice quality’ stimuli
may be perceived as atypical or unnatural.

On the contrary, the transfer of the natural prosodic
contour to an utterance produced by a diphone synthesizer
does not cause as much degradation as for the natural stim-
uli. In this type of synthesis, each diphone is selected for its
acoustic quality and flexibility, and normalized in order to
match perfectly to its neighbor diphones. As a result, the
vocal material of the synthesized utterance is much more
flexible than natural speech, and it is very intelligible in
spite of an impression of some artificiality. This is the rea-
son why diphonen synthesis is often used in perception
experiments on prosodic contours, including the quality
evaluation of these contours (Garcia et al., 2006; Prudon
et al., 2004; Morel and Bänziger, 2004). Nevertheless, more
degradation was observed in the ‘prosody’ stimuli, when
the natural prosodic contour contained extremely high
pitch excursions.
2.3.2. Perception test method
The perception experiment was run as two subtests. The

first subtest dealt with emotions: anger, grief, sadness, hap-
piness and neutral statement (100 stimuli2). The second
subtest dealt with attitudes: authority, hesitation, incredu-
lity, obviousness, surprise, neutral statement and neutral
interrogative (127 stimuli3). Twenty native French speakers
(11 females and 9 males) participated in the test. They were
students and staff of the University of Caen, France. Their
average age was 27 years old.

The test was run on a computer with the Perceval soft-
ware (Ghio et al., 2007). Good quality Sennheiser head-
phones HD500 were used. All the stimuli were presented
in a random order. The running time was about 25 min
for each subtest; participants had a pause between the
two subtests. The listeners could listen to the stimuli just
statement)] � 3 (types) + 4 utterances (Kali) = 100.
3 Number of stimuli: [25 utterances (attitudes) + 16 utterances (neutral

statement and interrogative)] � 3 (types) + 4 utterances (Kali) = 127.

ality and prosodic contour in affective speech perception, Speech Comm.
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once and they had to choose one of the affective states from
the list shown on the computer screen. Four types of stim-
uli were included in the test: ‘natural’ (natural prosodic
contour and voice quality encoded by the actor), ‘voice
quality’ (natural voice quality of the speaker and prosodic
contour from Kali), ‘prosody’ (natural prosodic contour of
the speaker and voice quality from Kali), Kali (prosodic
contour and voice quality of Kali). As the perception
experiment uses one single lexically neutral utterance, the
successful identification relies entirely on the prosodic char-
acteristics of the used stimuli.
3. Statistical analysis and results

The results of the identification test form a set of cate-
gorical data, which are reported in confusion matrices
(Table 4 for emotions and Table 7 for attitudes). We trans-
formed the response variable into a binary indicator of
whether an affective state encoded in the vocal stimulus is
successfully identified or not (0 – not identified, 1 – success-
fully identified). Logistic regression is an appropriate statis-
tical tool for categorical data analysis, see Baayen (2004),
Jaeger (2008) and Beck and Vasishth (2009) for detailed
discussions. We performed our analysis using R statistical
software (R Development Core Team, 2008) to examine
the role of voice quality and prosodic contour in the iden-
tification of the studied affective states. We analyzed the
two affective categories jointly and separately, and did an
individual analysis of each affective state afterwards.
Emotion
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Fig. 1. Identification of emotions in percentage with confidence intervals
95%.
3.1. Joint analysis of emotions and attitudes

Our first analysis concerns the whole set of studied affec-
tive states, both emotions and attitudes: (anger, grief,
happiness, sadness, authority, hesitation,
incredulity, obviousness, surprise). The per-
centage of correct responses for attitudes and emotions is
summarized in Table 2. Responses to neutral stimuli
were not included in the analysis, as they do not belong
to the affective categories. The dependent variable is an
indicator of whether a stimulus was successfully identified
or not. We consider a logistic regression model for the
probability pi that stimulus i is successfully identified, with
type of stimulus and affective category as explanatory vari-
ables. The model has the following form:

log
pi

1� pi

� �
¼ b0 þ b1 Prosodyi þ b2 VQi

þ b3 Affecti þ b4 Prosodyi �Affect

þ b5 VQi �Affecti ð1Þ

‘Prosody’ and ‘VQ’ (voice quality) are dummy variables
for type of stimulus, taking ‘Natural’ as the reference.
‘Affect’ is a dummy variable for affective category (0 – emo-
tion, 1 – attitude). We also include the interaction between
type of stimulus and affective category (Prosody � Affect,
Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
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VQ � Affect). The analyzed data set has the total of 2940
responses. The model formula for the R function lrm is
given in Eq. (1).

As shown in Table 3, the regression reveals that the prob-
ability of a successful identification for attitudes is higher
than for emotions (b = 0.3176, StdErr = 0.1467, Wald
z = 2.166, p = 0.0303). The probability to identify ‘prosody’
stimuli is less than ‘natural’ stimuli, but the difference is not
significant (b = 0.1847, StdErr = 0.3027, Wald z = 0.610,
p = 0.5418). The probability to identify ‘voice quality’ stim-
uli is significantly smaller (b = �3.6908, StdErr = 0.3588,
Wald z = �10.286, p = 0.0001), the negative value of b indi-
cates that for ‘voice quality’ stimuli, the probability of being
not identified is higher than that of being identified. The
interaction between the type of stimuli and the affective cat-
egories is significant: Prosody � Affect: b = �0.9278, Std-
Err = 0.1958, Wald z = �4.739, p = 0.0001; VQ � Affect:
b = 0.9294, StdErr = 0.2189, Wald z = 4.246, p = 0.0001.
It shows that successful identification differs between atti-
tudes and emotions for different types of stimuli.
3.2. Emotions

Our second statistical analysis deals with emotions. Iden-
tification results for emotions are given in Fig. 1 and Table 4.
As defined in Section 2.3.2, four types of stimuli are repre-
sented: ‘natural’, ‘voice quality’, ‘prosody’ and ‘Kali’. In
the present work we consider 5 affective categories (anger,
grief, happiness, sadness and neutral state-

ment). So the chance level is 100% � 5 = 20%. The results
show that ‘Kali’ stimuli were identified as neutral at
ality and prosodic contour in affective speech perception, Speech Comm.
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80% which considerably exceeds the chance level. It confirms
that the prosodic contour used in the design of ‘voice quality’
stimuli is not affectively charged, and successful identifica-
tion of ‘voice quality’ stimuli cannot be based on the pro-
sodic contour. The identification results for ‘Kali’ stimuli
are reported only in Table 4 and are not included in the sub-
sequent statistical tests.

Perception test results are presented through a confusion
matrix in Table 4. Encoded emotions are plotted against
the decoded emotions. This allows to study the percentages
of correct responses and the pattern of confusions. Results
that surpass the chance level of 20% and whose confidence
intervals are over the chance level are considered as statis-
tically significant; they are displayed in bold.

The regression analysis for emotions includes anger,
grief, happiness and sadness. Responses to neu-

tral stimuli were not included in the analysis, as they
do not belong to the affective category. The dependent var-
iable is an indicator of whether a stimulus was successfully
identified or not. We consider a logistic regression model
for the probability pi that stimulus i is successfully identi-
fied, with type of stimulus and type of emotion as explan-
atory variables. The model has the following form:

log
pi

1� pi

� �
¼ b0 þ b1 Prosodyi þ b2 VQi

þ b3 Angeri þ b4 Happinessi

þ b5 Sadnessi þ b6 Prosodyi �Angeri

þ b7 Prosodyi �Happinessi

þ b8 Prosodyi � Sadnessi

þ b9 VQi �Angeri

þ b10 VQi �Happinessi

þ b11 VQi � Sadnessi ð2Þ

‘Prosody’ and ‘VQ’ (voice quality) are dummy variables
for type of stimulus, taking ‘Natural’ as the reference.
‘Anger’, ‘Happiness’, ‘Sadness’ are dummy variables for
type of emotion, taking ‘Grief’ as the reference. We also
include the interaction between type of stimulus and type
of emotion. The analyzed data set represents a total of
1440 responses. The model formula for the R function
lrm is given in Eq. (2). The results are presented in Table 5.

The logistic regression results are significant for ‘pros-
ody’ (b = �1.33234, StdErr = 0.29942, Wald z = �4.450,
p = 0.0001) and ‘voice quality’ (b = �1.46341, Std-
Err = 0.30218, Wald z = �4.843, p = 0.0001). These results
confirm that there are differences in the identification level
between types of stimuli: both ‘prosody’ and ‘voice quality’
types are less identified than ‘natural’. We also notice that
the coefficients for ‘prosody’ and ‘voice quality’ variables
are very close and we additionally test whether the success-
ful identification differs for these two types of stimuli. The
null hypothesis for this test is that the coefficients of ‘pros-
ody’ and ‘voice quality’ are equal:

b1 � b2 ¼ 0 : null hypothesis ð3Þ
Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
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To carry out this test we loaded the additional car library
and used linearHypothesis R function. The result is not sig-
nificant (v2 = 0.1964, p = 0.6576). Therefore, we conclude
that ‘prosody’ and ‘voice quality’ types do not differ in their
chance of being successfully identified. Both voice quality
(M = 35%) and prosodic contour (39%) contribute to the
identification of emotions, and these contributions are
equally important.

The regression also reveals that anger has significantly
better identification than other emotions (b = 1.26534, Std-
Err = 0.33068, Wald z = 3.827, p = 0.00013). It also shows
the interaction between some emotions and types of stim-
uli. More precisely, sadness has the least identification
of ‘prosody’ stimuli; anger and happiness are statisti-
cally less identified in ‘voice quality’ stimuli than grief

and sadness.
We performed logistic regressions for individual emotions

and neutral according to the formula (4) and report their results
in Table 6. The dependent variable is an indicator of whether a
stimulus was successfully identified or not. We consider a
logistic regression model for the probability pi that stimulus
i is successfully identified, with type of stimulus as an explan-
atory variable. ‘Prosody’ and ‘VQ’ are dummy variables for
type of stimulus, taking ‘Natural’ as the reference.

log
pi

1� pi

� �
¼ b0 þ b1 Prosodyi þ b2 VQi ð4Þ

Anger results show that ‘natural’ stimuli have the high-
est identification (M = 89%), ‘prosody’ (M = 54%) and
‘voice quality’ (M = 41%) stimuli have statistically lower
identification (their coefficients are in Table 6). We also
tested the coefficients for ‘prosody’ and ‘voice quality’ vari-
ables to see whether their identification differs. The test was
done assuming the null hypothesis (3) and using the linear-

Hypothesis R function. We obtained v2 = 6.0261 and
p = 0.0141, which means that they are significantly differ-
ent. ‘Natural’ stimuli are identified only as anger, 31%
of ‘prosody’ and 35% of ‘voice quality’ stimuli are identi-
fied as neutral.

For grief, the regression results are significant: ‘Natu-
ral’ stimuli (M = 69%) have the highest identification level,
they differ from the other two types of stimuli, see Table 6.
‘Prosody’ (M = 37%) and ‘voice quality’ (M = 34%) accu-
racy results are not significantly different from each other
(v2 = 0.1964, p = 0.6576). Confusion has occured with the
sadness category: 28% of ‘natural’ stimuli, 26% of ‘pros-
ody’ stimuli and 38% of ‘voice quality’ stimuli were identi-
fied as sadness.
Happiness results are also significant. The three types

of stimuli are significantly different from each other: ‘natu-
ral’ (M = 77%) has a higher identification level than ‘pros-
ody’ (M = 43%) and ‘voice quality’ (M = 11%), see
Table 6. ‘Prosody’ and ‘voice quality’ accuracy results are
significantly different from each other (v2 = 22.891,
p = 0.0001). Happiness is the only emotion whose ‘voice
quality’ stimuli are not identified. We suppose that smiling,
which is present in ‘natural’ stimuli of happiness, is not
ality and prosodic contour in affective speech perception, Speech Comm.
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Table 6
Output of linear logistic regression model for individual emotions. The degree of significance is coded as follows: *** for 0.0001, ** for 0.001, * for 0.01,
and � for 0.05.

Emotion Coefficients Estimates b Std. error z-value Pr(>jzj)
Anger Intercept 2.0655 0.2502 8.256 0.0001 ***

Prosody �1.8900 0.2963 �6.379 0.0001 ***
Voice quality �2.4449 0.2975 �8.218 0.0001 ***

Grief Intercept 0.8001 0.2162 3.700 0.000215 ***
Prosody �1.3323 0.2994 �4.450 0.0001 ***
Voice quality �1.4634 0.3022 �4.843 0.0001 ***

Happiness Intercept 1.2212 0.2373 5.147 0.0001 ***
Prosody �1.5031 0.3116 �4.824 0.0001 ***
Voice quality �3.3120 0.3980 �8.321 0.0001 ***

Sadness Intercept 0.7691 0.1962 3.919 0.0001 ***
Prosody �2.4398 0.3179 �7.675 0.0001 ***
Voice quality �0.8358 0.2681 �3.118 0.00182 **

Neutral Intercept 1.5506 0.2081 7.453 0.0001 ***
Prosody �0.4184 0.2778 �1.506 0.132
Voice quality �1.6507 0.2614 �6.314 0.0001 ***
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preserved in ‘voice quality’ stimuli by the transplantation
method. Previous research (Aubergé and Cathiard, 2003)
has shown that listeners can reliably identify smiling in
speech and use it in recognition of affective states. Thus,
if smiling is possibly damaged by the prosody transplanta-
tion, ‘voice quality’ results for happiness must be treated
carefully. Confusion results show that happiness has
30% of ‘prosody’ and 38% of ‘voice quality’ stimuli identi-
fied as neutral.

For sadness, the three types of stimuli are also signif-
icantly different from each other. ‘Natural’ stimuli have the
highest identification (M = 68%), and it is statistically sig-
nificant, see Table 6. ‘Voice quality’ stimuli are identified
with a lower accuracy (M = 48%). ‘Prosody’ stimuli
(M = 16%) are not identified as sadness, and they differ
significantly from ‘voice quality’ stimuli (v2 = 26.827,
p = 0.0001). Sadness is the only emotion whose ‘prosody’
stimuli were not identified. Confusion results for sadness
show that 55% of the ‘prosody’ stimuli are identified as
neutral, suggesting a similarity of the prosodic contours
of neutral and sadness. The ‘voice quality’ stimuli are
confused with grief at 32%. These identification results
for ‘voice quality’ stimuli highlight the role of voice quality
in the identification of sadness.

Results are significant for neutral. ‘Natural’
(M = 82%) and ‘prosody’ (M = 77%) stimuli are not signif-
icantly different from each other, see Table 6. ‘Voice qual-
ity’ stimuli are identified at a lower level (M = 46%), they
are significantly different from ‘natural’, see Table 6, and
from ‘prosody’ stimuli (v2 = 25.753, p = 0.0001). Only
‘voice quality’ stimuli are identified as another category;
32% of these stimuli are associated with sadness.
attitude

ss

Error bars: 95% CI

Fig. 2. Identification of attitudes in percentage with confidence intervals
95%.
3.3. Attitudes

The data for attitudes are illustrated in Fig. 2 and
Table 7. Three types of stimuli are represented: ‘natural’
Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
(2011), doi:10.1016/j.specom.2011.10.005
(natural prosodic contour and voice quality encoded by
the speaker), ‘voice quality’ (natural voice quality of the
speaker and prosodic contour from Kali) and ‘prosody’
(natural prosodic contour of the speaker and voice quality
from Kali). We consider seven affective categories
(authority, hesitation, incredulity, obvious-
ness, surprise, neutral statement and neutral

interrogative), so the chance level is 14%. Table 7 also
includes the results for ‘Kali’ stimuli (prosodic contour and
voice quality of Kali) to examine if the Kali prosodic con-
ality and prosodic contour in affective speech perception, Speech Comm.
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Table 7
Results of the perception test for attitudes, presented in a confusion matrix. The identification level is displayed in percentages, statistically significant
values are in bold. Abbreviations: Aut – authority, Hes – hesitation, Inc – incredibility, Neu – neutral, Obv – Obviousness, Int – interrogative, Sur –
surprise.

Encoded attitudes Type of stimuli Decoded attitudes

Aut Hes Inc Neu Obv Int Sur

Authority Natural 81 0 0 12 5 0 2
Prosody 51 0 1 39 9 0 0
VQ 32 4 1 48 14 1 0

Hesitation Natural 0 77 4 9 6 4 0
Prosody 6 63 5 11 10 3 2
VQ 9 11 1 69 10 0 0

Incredulity Natural 0 5 50 0 0 7 38

Prosody 0 5 48 0 0 7 40

VQ 40 0 0 43 12 0 5

Interrogative Natural 0 0 1 1 0 96 2
Prosody 0 4 2 2 0 87 5
VQ 22 7 0 53 17 1 0

Neutral Natural 9 1 1 66 23 0 0
Prosody 9 2 1 67 21 0 0
VQ 10 9 2 67 12 0 0
Kali 15 1 1 71 11 1 0

Obviousness Natural 10 3 0 13 65 7 2
Prosody 12 3 4 18 60 0 3
VQ 27 10 0 52 10 0 1

Surprise Natural 0 1 21 0 0 12 66

Prosody 1 3 21 1 0 22 52

VQ 37 4 2 43 12 1 1
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tour carries any affective information. The results show
that ‘Kali’ stimuli were identified as neutral statements
at 71%, which considerably exceeds the chance level (14%
correct). It confirms our previous results for emotions
and shows that the prosodic contour used in the design
of ‘voice quality’ stimuli is not associated with attitudes.
Successful identification of ‘voice quality’ stimuli cannot
be based on the prosodic contour. The identification results
for ‘Kali’ stimuli are reported only in Table 7 and are not
included in the subsequent statistical tests.

We use a confusion matrix in Table 7 to present percep-
tion test results. Encoded attitudes are plotted against the
decoded attitudes. This allows to study the percentages of
correct responses and the pattern of confusions. Results
that surpass the chance level of 14% and whose confidence
intervals are over the chance level are considered as statis-
tically significant; they are displayed in bold.

The regression analysis for attitudes includes author-
ity, hesitation, incredulity, obviousness and
surprise. Responses to neutral stimuli (statement
and interrogative) were not included in the analysis, as they
do not belong to the affective category. The dependent var-
iable is an indicator of whether a stimulus was successfully
identified or not. We consider a logistic regression model
for the probability pi that stimulus i is successfully identi-
fied, with type of stimulus and type of attitude as explana-
tory variables:
Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
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log
pi

1� pi

� �
¼ b0 þ b1 Prosodyi þ b2 VQi

þ b3 Obviousnessi þ b4 Surprisei

þ b5 Hesitationi þ b6 Incredulityi

þ b7 Prosodyi �Obviousnessi

þ b8 Prosodyi � Surprisei

þ b9 Prosodyi �Hesitationi

þ b10 Prosodyi � Incredulityi

þ b11 VQi �Obviousnessi

þ b12 VQi � Surprisei

þ b13 VQi �Hesitationi

þ b14 VQi � Incredulityi ð5Þ
‘Prosody’ and ‘VQ’ are dummy variables for type of
stimulus, taking ‘Natural’ as the reference. ‘Hesitation’,
‘Incredulity’, ‘Obviousness’ are dummy variables for type
of attitude, taking ‘Authority’ as the reference. We also
include the interaction between type of stimulus and type
of attitude. The analyzed data set has a total of 1500
responses. The model formula for the R function lrm is
given in Eq. (5), and the results are presented in Table 8.

The logistic regression results are significant for ‘pros-
ody’ (b = �1.4008, StdErr = 0.2550, Wald z = �5.494,
p = 0.0001) and ‘voice quality’ (b = �2.1853, Std-
ality and prosodic contour in affective speech perception, Speech Comm.
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Table 8
Output of linear logistic regression model for attitudes. The degree of significance is coded as follows: *** for 0.0001, ** for 0.001, * for 0.01, and � for 0.05.

Coefficients Estimates b StdErr Wald z Pr(>jzj)
Intercept 1.4258 0.2000 7.128 0.0001 ***
Prosody �1.4008 0.2550 �5.494 0.0001 ***
Voice quality �2.1853 0.2623 �8.332 0.0001 ***
Obviousness �0.8068 0.3366 �2.397 0.0001 *
Surprise �0.7792 0.2602 �2.994 0.0027 **
Hesitation �0.1891 0.3342 �0.566 0.571595
Incredulity �1.4258 0.3742 �3.811 0.0001 ***
Prosody � obviousness 1.1872 0.4558 2.605 0.0092 **
Prosody � surprise 0.8292 0.3432 2.417 0.0157 *
Prosody � hesitation 0.6749 0.4359 1.548 0.1216
Prosody � incredulity 1.3007 0.5150 2.526 0.0115 *
VQ � obviousness �0.6309 0.5720 �1.103 0.2701
VQ � surprise �3.5302 1.0501 �3.362 0.0008 ***
VQ � hesitation �1.1169 0.5154 �2.167 0.0302 *
VQ � incredulity �14.3807 379.4016 �0.038 0.9697
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Err = 0.2623, Wald z = �8.332, p = 0.0001). These results
confirm that there are differences in the identification level
between types of stimuli: both ‘prosody’ and ‘voice quality’
types are less identified than ‘natural’. We also tested
whether the successful identification differs for these two
types of stimuli and found that the difference is significant
(v2 = 11.443, p = 0.0007). Thus, ‘natural’ stimuli have the
best identification level (M = 71%), ‘prosody’ stimuli are
also well identified but at a lower identification level
(M = 54%). ‘Voice quality’ stimuli were not successfully
identified (M = 13%). These results reveal that the prosodic
contour plays the decisive part in the identification of
attitudes.

The regression also reveals that authority has signifi-
cantly better identification than other attitudes, see Table 8.
It also shows the interaction between some attitudes and
types of stimuli, more precisely, authority and hesita-
tion have higher identification of ‘prosody’ stimuli than
other attitudes; surprise and incredulity have the
lowest identification of the ‘voice quality’ stimuli.

We performed logistic regressions for individual atti-
tudes, as well as for two neutral categories used in the
experiment, neutral statement and interrogative. The
regression was performed according to the same formula
as that used for emotions, Eq. (4). These results are
reported in Table 9.

Forauthority, the results are significant. The three types
of stimuli are significantly identified. ‘Natural’ stimuli have the
highest identification (M = 81%); they are significantly differ-
ent from the other two types of stimuli, see Table 9. ‘Prosody’
(M = 51%) and ‘voice quality’ (M = 32%) differ significantly
from each other (v2 = 11.443, p = 0.0007). Authority is
the only attitude whose ‘voice quality’ category was signifi-
cantly identified. The confusion matrix shows that, for
authority, 39% of ‘prosody’ and 48% of ‘voice quality’ stim-
uli are identified as neutral.
Hesitation results are significant. ‘Natural’

(M = 77%) and ‘prosody’ (M = 63%) stimuli are identified,
and they are significantly different from each other,
Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
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(b = �0.7259, StdErr = 0.3536, Wald z = �2.053, p =
0.0401). ‘Natural’ and ‘prosody’ stimuli are not signifi-
cantly confused with other attitudes. The ‘voice quality’
stimuli are significantly different from ‘prosody’ stimuli
(v2 = 37.178, p = 0.0001). ‘Voice quality’ stimuli are not
successfully identified as hesitation (M = 11%), but
as neutral at 69%.

For incredulity, the results are significant. ‘Natural’
(M = 50%) and ‘prosody’ (M = 48%) stimuli are identified,
they are not significantly different from each other
(b = �0.02500, StdErr = 0.09239, Wald z = �0.271,
p = 0.787). The confusion matrix in Table 7 shows that
38% of ‘natural’ and 40% of ‘prosody’ stimuli are identified
as surprise. The ‘voice quality’ stimuli differ from ‘nat-
ural’ stimuli (b = �0.50000, StdErr = 0.09239, Wald
z = �5.412, p = 0.0001) and from ‘prosody’ stimuli
(v2 = 26.431, p = 0.0001); they are not identified as
incredulity (M = 0%), but as neutral at 43% and
as authority at 40%.
Obviousness results are significant. The identification

accuracy for ‘natural’ (M = 65%) and ‘prosody’ (M = 60%)
is statistically similar with (b = �0.2136, StdErr = 0.3778,
Wald z = �0.565, p = 0.5718). The ‘voice quality’ stimuli are
not successfully identified (M = 10%), and they are found to
be significantly different from ‘natural’ stimuli (b = �2.8163,
StdErr = 0.5083, Wald z = �5.540, p = 0.0001) and from
‘prosody’ stimuli (v2 = 26.607, p = 0.0001). The confusion
matrix shows that 18% of ‘prosody’ stimuli are identified as
neutral. ‘Voice quality’ stimuli are identified at 52% asneu-
tral and at 27% as authority.

Results are also significant for surprise. ‘Natural’
(M = 66%) and ‘prosody’ (M = 52%) stimuli are success-
fully identified, but they are significantly different from each
other (b = �0.5716, StdErr = 0.2297, Wald z = �2.489,
p = 0.0128). Some confusion is observed for these two types
of stimuli: 21% of ‘natural’ and ‘prosody’ stimuli are identi-
fied as incredulity, another 22% of ‘prosody’ stimuli are
identified as interrogative. The ‘voice quality’ stimuli
are not identified as surprise (M = 1%), and they are
ality and prosodic contour in affective speech perception, Speech Comm.
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Table 9
Output of linear logistic regression models for individual attitudes. The significance codes are as follows: *** for 0.0001, ** for 0.001, * for 0.01, and � for
0.05.

Emotion Coefficients Estimates b StdErr Wald z Pr(>jzj)
Authority Intercept 1.4258 0.2000 7.128 0.0001 ***

Prosody �1.4008 0.2550 �5.494 0.0001 ***
Voice quality �2.1853 0.2623 �8.332 0.0001 ***

Hesitation Intercept 1.2368 0.2677 4.619 0.0001 ***
Prosody �0.7259 0.3536 �2.053 0.0401 *
Voice quality �3.3022 0.4437 �7.442 0.0001 ***

Incredulity Intercept 0.50000 0.06533 7.653 0.0001 ***
Prosody �0.02500 0.09239 �0.271 0.787
Voice quality �0.50000 0.09239 �5.412 0.0001 ***

Obviousness Intercept 0.6190 0.2707 2.287 0.0222 *
Prosody �0.2136 0.3778 �0.565 0.5718
Voice quality �2.8163 0.5083 �5.540 0.0001 ***

Surprise Intercept 0.6466 0.1665 3.885 0.0001 ***
Prosody �0.5716 0.2297 �2.489 0.0128 *
Voice quality �5.7155 1.0166 �5.622 0.0001 ***

Neutral Intercept 1.5506 0.2081 7.453 0.0001 ***
Prosody 0.02808 0.23699 0.118 0.906
Voice quality 0.02808 0.23699 0.118 0.906

Interrogative Intercept 3.2452 0.4161 7.799 0.0001 ***
Prosody �1.2993 0.4799 �2.707 0.00678 **
Voice quality �8.4326 1.0853 �7.770 0.0001 ***
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significantly different from ‘natural’ stimuli (b = �5.7155,
StdErr = 1.0166, Wald z = �5.622, p = 0.0001) and from
‘prosody’ stimuli (v2 = 25.668, p = 0.0001). The ‘voice qual-
ity’ stimuli are identified as neutral at 43% and as
authority at 37%.
Interrogative results are significant. ‘Natural’

(M = 96%) and ‘prosody’ (M = 87%) stimuli are success-
fully identified only as interrogative; they are signifi-
cantly different from each other, see Table 9. ‘Voice
quality’ stimuli differ from ‘prosody’ stimuli (v2 = 47.921,
p = 0.0001); they are not identified (M = 1%) as inter-
rogative, but as neutral (M = 53%), authority

(M = 22%) and obviousness (M = 17%).
For neutral statement, the results show that ‘natu-

ral’ (M = 66%), ‘prosody’ (M = 67%) and ‘voice quality’
(M = 67%) are successfully identified, but they are not sig-
nificantly different from each other, Table 9. Confusion
results show that 23% of ‘natural’ and 21% of ‘prosody’
stimuli are identified as obviousness, and the ‘voice
quality’ results are not significantly confused with other
categories.
Incredulity, interrogative, hesitation,

obviousness and surprise have the same identifica-
tion pattern: ‘natural’ and ‘prosody’ stimuli are successfully
identified with similar or slightly different identification
accuracy, while ‘voice quality’ stimuli are not identified.
Authority differs from the other affective states in the
category of attitudes: both ‘prosody’ and ‘voice quality’
stimuli are significantly identified, even if their level of iden-
tification is lower than that for ‘natural’ stimuli. The matrix
of confusion shows that ‘voice quality’ stimuli of all the
Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
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studied affective states are mainly confused with neutral.
‘Prosody’ stimuli of authority and obviousness were
also confused to some extent with neutral. Surprise
and incredulity have some of their ‘prosody’ stimuli
confused between themselves.

3.4. Individual strategies within affective states

In our statistical analysis of emotions based on logistic
regression, we found that both voice quality and prosodic
contour were important in the successful identification of
stimuli. The number of utterances per affective state (5–8
utterances) did not allow us to test utterances as a random
factor in our logistic regression models. Indeed, it is recom-
mended to have at least 30 groups for a random factor to
produce valid estimates for multi-level logistic regression
models (Moineddin et al., 2007). Larger samples are partic-
ularly recommended for the analysis of binomial data
(Hox, 2002). Thus, we performed only a descriptive statis-
tical analysis to examine to what extent the value of voice
quality and prosodic contour vary in the identification of
individual utterances for the same emotions. This analysis
also included authority which was the only attitude
with successfully identified ‘voice quality’ stimuli. The iden-
tification results are presented in Tables 10 and 11. We used
a multi-speaker corpus in our perception experiment, thus
each utterance represents a different speaker. The results
show variability in the identification of individual utter-
ances, thus suggesting that depending on the utterance
and hence on the speaker, different strategies are used in
the identification of the same affective state. The prosodic
ality and prosodic contour in affective speech perception, Speech Comm.
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Table 10
Identification results for individual stimuli of emotions.

Stimuli Natural Prosody VQ

anger12.wav 100 95 75
anger8.wav 100 85 25
anger5.wav 95 50 50
anger19.wav 95 35 55
anger17.wav 85 25 30
anger13.wav 80 60 30
anger15.wav 80 20 25
anger9.wav 75 65 35

grief3.wav 80 10 45
grief6.wav 75 15 30
grief1.wav 65 80 40
grief5.wav 65 40 10
grief7.wav 60 40 45

happiness2.wav 95 65 20
happiness13.wav 85 55 10
happiness14.wav 70 30 25
happiness22.wav 70 45 0
happiness3.wav 65 20 0

sadness10.wav 80 45 45
sadness12.wav 75 10 60
sadness14.wav 70 30 50
sadness8.wav 65 0 45
sadness3.wav 60 0 45
sadness6.wav 60 10 45

Table 11
Identification results for individual stimuli of authority.

Stimuli Natural Prosody VQ

authority19.wav 100 65 40
authority9.wav 95 90 15
authority14.wav 95 25 30
authority3.wav 85 100 65
authority17.wav 75 5 30
authority12.wav 70 55 20
authority11.wav 65 15 25
authority5.wav 60 50 30
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contour and the voice quality may be equally important in
the identification, as for utterances recorded in the files
anger12.wav, anger5.wav and grief7.wav. The prosodic con-
tour may be privileged for utterances as anger8.wav and
grief1.wav. The voice quality may be privileged as in utter-
ances anger19.wav and grief3.wav.

Another important observation from the individual
analysis is that high identification level is possible for utter-
ances with different strategies. For example, we can com-
pare the identification of two stimuli anger12.wav and
anger8.wav which are both identified at 100% in the natural
version. The first stimuli has the strategy based on the joint
usage of voice quality and prosody. The second stimuli
relies mostly on the prosodic contour. The effective expres-
sion of affective states may thus be achieved by a number of
possible strategies which may either privilege voice quality
or prosodic contour, or use them in combination.

In spite of some transplantation difficulties (see supra
happiness in 3.2), our results show that prosodic contour
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and voice quality are used in the identification of the studied
affective states. Moreover, the present analysis shows that
the perceptive role of prosodic contour and voice quality
may vary for individual utterances within the same affective
state.

4. Discussion and conclusions

A series of perception tests was performed to study the
role of voice quality and prosodic contour in the identifica-
tion of affective states in French. We initially hypothesized
that voice quality may be privileged in the perception of
emotions, while the identification of attitudes may rely on
the prosodic contour. This hypothesis is confirmed by
our results only partly. The prosodic contour is involved
not only in the perception of attitudes, but also in the per-
ception of emotions. Voice quality is mainly associated
with emotions. Authority is the only attitude in our corpus
successfully identified on the ‘voice quality’ stimuli. Hence,
the difference between attitudes and emotions examined in
this experiment is the following: the perception of attitudes
is based mainly on the prosodic contour, while emotions
rely on both voice quality and prosodic contour. These
results support previous studies (Gobl and Nı́ Chasaide,
2003; Yanushevskaya et al., 2006) showing that voice qual-
ity may be associated with emotions. It also shows that
attitudes may be identified by the prosodic contour in
French. Moreover, our experiment also suggests that emo-
tions may be successfully distinguished on the basis of pro-
sodic contours. We consider the last finding as especially
important, because several perception studies report diffi-
culties to show associations between prosodic features
and emotions (Yanushevskaya et al., 2006; Bänziger and
Scherer, 2005; Morel and Bänziger, 2004). However, we
should highlight that our study differs on several methodo-
logical points. First, we did not separate the prosodic con-
tour into its individual components, but studied it globally,
as a set of prosodic features (intensity, fundamental fre-
quency, speech rate and rhythm). Second, we used a natu-
ral rather than a stylized prosodic contour. Third, our
corpus was recorded on a neutral utterance with lexical
meaning. These factors could have contributed to the suc-
cessful identification of affective states on the basis of the
prosodic contour in our experiment. The question stands
what results may be obtained with this methodology in
other languages, if other languages have the same value
of prosody in the identification of affective states as in
French. Further research is required to extend the present
study to other languages and thus explore universal and
cross-linguistic features in the perception of affective states.

Our perception experiment was based on prosody trans-
plantation paradigm. The transplantation method was ini-
tially designed to evaluate neutral synthesized speech. The
application of this method to affective speech proved use-
ful. It allowed to uncover interesting aspects of the role
of prosody in the identification of affective states: both atti-
tudes and emotions can be distinguished by their specific
ality and prosodic contour in affective speech perception, Speech Comm.
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prosodic contour. Nevertheless, we observed some limits in
the usage of prosody transplantation for affective speech.
The first difficulty concerned prosodic contours with high
pitch excursions, as they could not be reproduced in the
synthesized speech in a natural way without any changes
in the voice quality parameters. Secondly, we noticed that
transplantation paradigm did not work equally well for
the voice quality of different emotions. For example, the
voice quality of anger was better preserved than that of
happiness. These difficulties put forward some correlations
between the prosodic contour and the voice quality. Impor-
tant modifications of the prosodic contour may require
changes in the voice quality, and vice versa.

In spite of the imperfect reproduction of the natural
voice quality in our synthesized stimuli, emotions give
clearly more importance to the voice quality in their iden-
tification than attitudes do. As the transfer of a neutral
prosodic contour to a natural affective utterance does not
fully preserve the original voice quality, ‘voice quality’
results must be treated carefully. In reality, the role of voice
quality may be even more important. Nevertheless, in spite
of these difficulties, we obtain coherent results for ‘voice
quality’ stimuli proving that some of the voice quality
information has been transmitted. Indeed, the transplanta-
tion method does not preserve the voice quality and the
prosodic contour to the full extent. However, this metho-
dology allows to make new advances in the study of affec-
tive prosody. More specifically, it shows the importance of
the prosodic contour in the identification of affective states.

The analysis of individual utterances gives an additional
insight in the prosody transplantation method and its usage
in affective speech research. Our interest to study individual
utterances was initially motivated by the possibility to
examine the level of variability between individual speak-
ers. According to our recording methodology, individual
utterances represent different speakers. The group results
have shown that both voice quality and prosodic contour
are used in the identification of emotions.

The analysis of individual utterances has allowed to dis-
cover that several strategies are possible in the identifica-
tion of the same emotion. Listeners may either rely on
both voice quality and prosody, or privilege one of them.
Moreover, a high identification level may be observed inde-
pendently from the chosen strategy for individual utter-
ances. An utterance relying on the prosodic contour can
have the same high identification as an utterance using a
joint combination of voice quality and prosodic contour.
It attests the possibility for speakers to express affective
speech effectively by different strategies. This observation
not only contributes to our theoretical understanding of
affective speech expression, but it also presents an interest
for affective speech synthesis, as some strategies may be
easier for replication in the speech synthesis than others.
Voice quality is more difficult to modify in speech synthesis
than prosodic contours, especially in real time. The possi-
bility to extract prosodic contours from natural speech
and to apply them in affective speech synthesis is of inter-
Please cite this article in press as: Grichkovtsova, I. et al. The role of voice qu
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est. Though most diphone synthesizers use stylized
prosodic contours, see Schröder (2008) for a detailed
review, there is certainly an interest in the usage of natural
prosodic contours to increase the naturalness in affective
speech synthesis.

Our study reports new results on the usage of voice qual-
ity and prosodic contour in affective speech perception. We
recorded and used a multi-speaker corpus in our experi-
ment. This approach proved useful as we discovered vari-
ous successful strategies in affective speech. The number
of utterances representing studied affective states does not
allow to perform an exhaustive analysis of individual strat-
egies. Further, it would be interesting to pursue our analy-
sis on the production level and identify the role of
individual prosodic features in different strategies; work
along these lines is in progress. In addition, our experimen-
tal approach may be used in cross-linguistic research with
non-native speakers of French or with participants who
have no knowledge of French to discover universal and
language specific characteristics of affective speech.
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Appendix A. Texts used for the recording of affective states

A.1. Emotions

Anger: Vous appelez c�a une chambre d’hôtel? Regardez
un peu ces draps! Ils sont ignobles. Vous ne croyez quand
même pas que je vais dormir ici! C’est révoltant! Je vais

rentrer à la maison maintenant! Ce n’est pas un hôtel ici,
c’est un élevage de cafards! (Do you call this a hotel room?
Look at these sheets! You don’t think that I am going to
sleep here! It is disgusting! I am going home now! It is not
a hotel here; it is a cockroach farm.)

Grief: Tu sais comme j’aimais mon chien? Hier, quand je
suis revenu(e) de voyage, j’ai appris qu’il était mort. Je suis
bouleversé(e). Je vais rentrer à la maison maintenant. J’vais
jamais pouvoir le dire aux enfants. (You know how I loved
my dog, don’t you? Yesterday when I came back from my
trip I found out that she had died. I am overwhelmed. I am
going home now. How will I be able to tell the children?)

Happiness: Mon frère reviendra demain! Quelle joie! Je
suis si content(e)! Je vais rentrer à la maison maintenant!

Je vais annoncer cette super nouvelle à ma famille! (My
brother is coming tomorrow! Such a joy! I am so happy!
I am going home now! I will tell this excellent news to my
family!)

Sadness: Ce que tu m’as appris m’a fichu le moral à zéro.
C’est vraiment déprimant. . . Je vais rentrer à la maison

maintenant. J’ai l’impression que c’est une situation sans
ality and prosodic contour in affective speech perception, Speech Comm.
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issue. (Your news makes me feel so low. It is so depressing.
I am going home now. I have the impression that there is no
way out.)
A.2. Attitudes

Authority: Vous devez finir ce projet absolement! N’oub-
liez pas de poster aussi ces lettres! Je vais rentrer à la maison

maintenant. Je vous appellerai pour voir où vous en êtes.
Dépêchez-vous! C’est vraiment urgent! (You must finish
the project imperatively tonight. Don’t forget to also send
these letters. I am going home now. I will call to see how it is
going. Hurry up! It is urgent!)

Incredulity: C’est vraiment le patron qui m’a demandé
de partir? Je vais rentrer à la maison maintenant? Ça
m’étonnerait. Il y a juste une heure, il m’a demandé de
rester ici ce soir. (Is it really the boss who said this? I am

going home now? It’s strange. Just one hour ago he asked
me to stay here tonight.)

Hesitation: Il est cinq heures de l’après-midi? Peut-être je
vais rester encore un peu. Bien que. . . Peut-être. . . Je vais

rentrer à la maison maintenant. Bon, je ne suis pas encore
sûr. (Is it five p.m.? I may stay a bit more. Though. . .
Maybe. . . I am going home now. Well, I am not sure yet.)

Obviousness: Il est plus de 20 heures. Je dois partir, tu sais
bien. Je vais rentrer à la maison maintenant. Mes amis doi-
vent m’attendre. (It is past 8 p.p. I must leave, you know. I

am going home now. My friends must be waiting for me.)
Surprise: Quoi? Qu’est-ce que tu dis? Je vais rentrer à la

maison maintenant? C’est une blague? (What? What are you
saying? I am going home now? Is it a joke?)
A.3. Neutral

Neutral statement: J’ai fini de ranger les boites. Elles sont
classées et numérotées. Je vais rentrer à la maison mainten-

ant. Je reviendrai demain à dix heures. (I have finished
putting the projects in order. They are filed and numbered.
I am going home now. I will be back tomorrow at ten in the
morning.)

Neutral interrogative: Tous les dossiers sont prêts. Vous
n’avez plus besoin de moi? Je vais rentrer à la maison main-
tenant? Vous pouvez m’appeler, s’il y a un problème. (All
the projects are ready. I am going home now? You can call
if you need me.)
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