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ABSTRACT

For a long time, the explorition of emations focused on facial expression, and vocal ex-
pression of emotion has enly recendy veceived interest. However, no validased bagtery of
emotional vocal expresions has been published and made available @ the resaarches’
community This paper aims at validating and proposing such marerial. 20 actors (10
mien) recorded sounds (words and interjections) expressing six basic emotions (anger, dis-
gust; fean, happines, newtnal and sadness). These seiveuls were then submitted to @ dou-
ble validation phase: (1) preselection by expers; (2) quantitative and qualitative vali-
dation by 70 participants. 193 stimuli weve selected for the final battery, each one depict-
ing a precise emmotion. The riting provide d compleie medsure of insersity and specificity
for eachstimulus. This paper provide, to our knowledge, the first validazed, freely avail-
ible and highly standardized batiery of emotional vecal expressions (words and into-
nations). This battery could constitute an interesting ool for the exploration of prosady
processing among narmal and patholagical pepulations, in newrspsychology as well as
pevehiatry, Further works are nevertheless needed to complement the present material.

Keymwards: Emotional Vocal Expression; Prosody; Battery

l. INTRODUCTION

Every banal or crucial moment of our existence is associated with an emo-
tional feeling. Indeed, emotions are an essential aspect of life, they influence
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our behaviours, decisions, motivations and social interactions. Emotions have
been explored since the early development of modern experimental psychol-
oey, and constituted a major field of investization during the last decades.
Nevertheless, the debate concerning the emotional phenomena is still brisk.
Many models and interpretations Eave been proposed in social psychology
(e.g. Leventhal, 1984), cognitive psychology (e.g. Frijda et al., 1989), and
more recently in a neuroscience perspective (Davidson, 2003). Despite this
theoretical disparity, a consensus progressively emerged concerning the glo-
bal definition of emotion: A multidimensional concept (e.g. Scherer, 1984)
including at least some physiological changes, an internal state (namely an
“attect”), a cognitive behaviour, but also an overt behaviour.

Behaviours constitute a central aspect of emotion, and the behaviour-
al correlates associated with every emotion thus became a central field of re-
search. The expression of the emotional state and its corollary; the perception
of emotions are crucial for the social life: emotions are communicative (Oatley
& Johnson-Laird, 1987). Among the various modes of emotional expression
(e.o. tears, cries, physical ageression, ...}, the face appears to be a central medi-
um for communication, and it rapidly became the central focus of researchers.
It has notably been shown that each basic emotion (mainly fear, anger, happi-
ness, sadness, disgust and surprise) is associated with a specific activation pat-
tern of the face’s muscles (as described in the FACS, Ekman & Friesen, 1975)
and that most of these facial expressions are expressed and recognized univer-
sally, regardless of che culture (Ekman et al., 1969; Izard, 1977). This research
allowed the construction of standardized batteries of EFE (emotional facial ex-
pressions, e.o. Ekman & Friesen, 1976; Hess & Blairy, 1995; Matsumoto &
Ekman, 1988). With the supporr of these validated stimuli, hundreds of stud-
ies related to the expression and recognition of emotional facial expression
were carried out in various fields, such as social psychology (e, Ackerman et
al., 2006), cognitive psychology (e.g, Campanella et al., 2002), neuroscience
(e.o. Blair et al., 1999) or psychopathology (e.g. Minzenberg et al., 2006).
Thus, the construction of reliable materials allowed the fast expansion of the
studies exploring the EFE and facilitated the comparison among studies.

More recently, notably with the development of crossmodal explora-
tions (e.p. Calvert, 2001}, a growing interest has been directed towards other
sensory modalities. Concerning emotional processing, studies have been car-
ried out to explore the perception of olfactory (e.g. Hermans et al., 2005),
tactile (Montoya & Sitpes, 2006) and gustatory (Greimel e al., 2006) stim-
uli, but the most flo u.rjin ¢ domain concerns the auditory stimulations. [n-
deed, the emotional valence conveyed by sounds recently gave rise to various
studies, mainly exploring prosody among normal (see Ethoter et al., 2006 for
a review) and pathological populations (e.g. Monnot et al., 2002). Despite
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this growing interest for the auditory expression of emotion, and despite a
ereat amount of earlier works on emotional prosody (e.g. Banse & Scherer,
1996; Kappas etal., 1991; Hess eral., 1989), no study has yet been conduct-
ed to construct a standardized, validated and freely available battery of emo-
tional auditory words and interjections. Actually, the existing sets of stimuli
are, to our knowledge, either partials (.. not proposing the complete ran
of emotions), or m1lge partially validared and standardized (.o, Fecreau Etj
2005; Golan et al., 2006; 2007; Pourtois et al., 2005). As a consequence,
most of the studies on emotional prosody have been based on ad hoc con-
structed stimuli, which constitutes undoubtedly a loss of time and makes dif-
ficult the comparison among studies.

It thus appears crucial, in order to facilitate furure studies and to pro-
pose a common reference Freely and easily available, to construct a standard-
ized and validared battery, following the example of whar has been done con-
cerning the EFE. This study aims at proposing an emotional auditory bartery
using various actors, stimuli and emotions. This validated andicory battery is
made freely accessible to all researchers via the Internet.

2. METHODS

2 1. Stimuli constrsiction

2 1.1, Actors, emotions and sdmuli

Twenty actors (10 men and 10 women) were recruited in Louvain-la-Meuve,
Belgium. All actors were native French speakers. It was decided to record the
five of the most used basic emotions (namely anger, fear, happiness, sadness
and disgust), and the neutral state. Short emotional scripts were built in or-
der to ensure that emotions were clearly defined. Before the recording of each
emotion, actors read a brief text describing a situation eliciting this emotion.
Two types of stimuli were chosen: One consisted in a meaningless sound
(namely the interjection “ah”) and the other in a semantically neutral word
(namely the French word “papier”, i.e. “paper”).

2. 1.2. Design and recording

Each actor produced two times each emotion and stimulus type, leading to
the recording of 480 voice samples: 10 (actors) X 2 (sex of actor) X 6 (emo-

Heuropspcholopical Trends — 272007
herp: S ledonline.icfneurapsrchalogicaloren dsf

63



Pierre Mavrage er al.

tions) X 2 (kinds of stimulus) X 2 {samples). The session took place at the
Auditory Lab of the Faculty of Psychology in Louvain-la-Neuve, and the
sounds were recorded on a_high-quality microphone with Goldwave 4.25
(Goldwave Inc., 2001). Before the recording of each stimulus, actors were
asked to read the emotional script associated with the emotion and to imag-
ine experiencing the siruation. Each stimulus was recorded art least two times,
and more if the actor or the researcher decided that the sound quality was
not satisfving. There was no time limit for the recording session. After re-
cording, a standardization of duration was imposed with Goldwave 4.25 in
order to have a common length (initially varving from 630 to 792 ms) of 700
ms for all records.

2. 1.3, Expert rating

Before the beginning of the experimental validation of the battery per se, a
preselection was carried out on the basis of expert rating. In order to select
the best recordings among each pair (as every stimulus was recorded rwice)
and to eliminate obviously invalid samples, three experts (researchers chosen
on the basis of their knowledge on emotional prosody) inspected the 480 re-
cordings. The three experts heard the 480 sounds and were asked on the one
hand to decide which emotion was expressed (namely to detect the emotion
mainly depicted in the stimulus) and on the other hand to rate them on two
Lickert scales (from 1 to 7) respectively evaluating the quality of the record-

ing and the recognizability of the emotion. The sounds were chosen if they
met the following criteria: {a) The stimulus was identified by the three ex-
perts as mainly d%plcung the correct emotion; (b) The mean quality rating
was at least of 4; (c) The mean recognizability rating was at least of 5. On this
basis, 220 sounds were selected for the experimental validation, performed
by 9 female and 8 male actors.

2.2, Stimuli validadion

70 undergraduate psychology students at the University of Louvain (39
women and 21 men, mean age: 19.6 years) took part in the stimuli valida-
tion phase. Six sessions were conducted, each one with 10 students. The 220
stimuli were randomly presented with professional quality speakers. Each
stimulus was presented once. After each presentation, participants had to re-
port which emotion(s) were displaved in the record, with 8 points Lickert
scales (from 0 “Absolutely not™ to 7 *Totally”) which had to be completed on
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the basis of the following general question: “Is this emotion expressed in this
sound:”. Ten scales were proposed, reflecting emotions acrually displayed in
several simuli (anger, fear, sadness, happiness, disgust) or other emotions

(shame, boredom, surprise, contempt, annoyance) chosen for their proxim-
ity with the emotions actually expressed.

3. REsSuULTS

3.1. Preselection

A first preselection was conducred. It was decided to exclude from the final
battery any stimulus that had not been correcdy identified by at least 90% of
the participants. An identification was considered as correct when the emo-
tion displayed by the actor obtained the highest score on the Lickert scale as
compared to other emotional scales. On this basis, 25 sounds were exclud-
ed. Brain and the final battery is thus composed of 195 stimuli, each one cor-
rectly identified as depicting the expected emotion.

3.2, Basic emotion ratings

While the correct identification of each sound could be considered as a suffi-
cient criteria to validate the battery (e.g. Banse & Scherer, 1996), this study
aimed ar conducting a sharper analysis. We computed the overall mean of
the ratings for each stimulus on each scale. This procedure first allowed o
determine the intensity of the emotion rating (namely the mean score for
the expected emotion). Nevertheless, a high intensity score is insufficient to
conclude that a stimulus is valid, as it could be thar a stimulus is highly rat-
ed on the depicted emotion, but also on scales linked to irrelevant emotions.

In order to take into account the difference between the relevant score and
the other scores, Brain anda second factor was computed, namely the spe-
citicity of the emotion rating (i.e. the percentage stemming from the mean
score for the expected emotion I:I.l‘l"l‘:l.ﬂix. by the mean glnba% scoring for the
five scales associated with the basic emortions). Concerning the neutral stim-
ulus, a sound was considered as neutral when the mean rating was lower than
1.5 for each scale associated with a basic emotion (anger, disgust, fear, happi-
ness, sadness). On this basis we obtained, for each emotion, a set of stimuli
depicting this emotion: 32 anger stimuli, 30 disgust stimuli, 34 fear stimuli,
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27 happiness stimuli, 38 neutral stimuli and 34 sadness stimuli A ranking of
the stimuli for each emotional category was then carried out. The intensity
and specificity of the ten best snu.ncE for each emotional category are report-
ed in Table 1. These intensity I[hLEher than 4.9) and specificity (higher than
75 percent) appear satisfying, with very low confusion berween the six basic
emotions. Moreover, Table 2 presents for each emotional set of stimuli, the
mean intensity values obtained on each emotion scale {namely the emotion
rating for the depicted emotion but also for the other irrelevant emotions).

This Table thus s the distinctive emotional features for each set, and the
specificity of the stimuli: high ratings for the depicted emotion (mean inten-
sity higher than 3.3) and low ratngs for the ntﬁer emotion scales (mean in-
tensity loweer than 0.9).

Finally, two complementary measures were computed in order to con-
firm the (1) the specificity of each emotional set as compared to other ones
and (2) the internal consistency of each emotional set. First, two-tailed Pear-
son’s correlations have been computed between the mean ratings for each
emotion scale among the different emotion sets. As expected, no significant
correlations have been detected (p > 40 for every correlation), showing a
high independence between the ratings in the different emotion sets, and
thus the specificity of each emotion set. Second, Cronbachis alphas have been
computed to test the internal consistency of each emotional set on each emo-
tion scale across participants. High values (o > 0.82) were found for the rel-
evant emotion scale of each emotion set (e.g. the emotion scale of anger for
the anger set of stimuli), but also for the irrelevant ones (e = 0.74), thus rein-
torcing the validity of the bawery.

Table I. Tndensiey and specificity of the fen best simul) for cach basic emotion [mean values (SD)

Ewcmion TYrE bMEsH mTEIETY Mear spECTFICITY
Anger 544 (0.25) B3.20R.87]
Drisgrust 545 (0.41) BE.6 (7.08)
Fear .59 00,200 T 116971
Happiness 538 (0,360 9741 236)
Sadness 4,85 (0L68) TR (9.92)
Meurral 0,009 (0,04} i

! Mean score For the i::pa:ned. emotion, fram O {emotion .i.ba-:h]u:d'_[ ot dcpicl:ed. in che simulus)
ta 7 (emotion fully depiceed in the stimuus).

b Mean pe sernming from the mean score for the expected emocion divided by the mean
g]-:-bal:-:\:-rln ? the five scales associated with the basic emotions.
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Table 2. Meaw insensicy vatings on sach emotional soale for each emotion set [mean palues (SD) |

Emomom Scare

e g AMCER [uscust Frar Hirpiess CADHESS
Anger (324 426(1.2000 089(058) 0.26(0.31) 0.0800.29) 0.18(0.21)
Disgust (30) 03600400 3.60(154) 036(037) 037(048) 023(0.32)
Fear (34) 017 (0.22) 0.89(068) 461(0.91) 0.1200.28) 088(0.73)
Happiness (27) 004 (0.07) 039(055) 0.24(041) 3.7R(L40) 012(0.20)
Sadness (34) 01000150 048049 0740059 Q130024 3.330(1.2%
Meutral {38) 013 (0170 OA8(021) 0.09¢0.04) 0.14(0.25) 047 (0.34)

' Murmber of stimuli in this emorional s

® The score for the emotion scale associated with the depicted emotion is presented in bold type.

3.3 Secondary emotion ratings

Moreover, we explored the most frequent confusions in the emotional rar-
ing. Indeed, if there were very few misinterpretations among the six emo-
tions depicted by the stimuli (as shown above), which was the central aim of
this study, it was still possible to find more mistakes in the ratings associated
with other emotions (namely shame, boredom, surprise, contempt and an-
noyance), as these secondary emotions are known to be often confused with
the basic ones. Nevertheless, we found globally low ratings for these second-
ary emotions: Global mean rating was lower than 0.8 on each secondary
emotion scale, and no stimulus was rated higher on a secondary scale than
on the correct scale (i.e. the scale associated with the emotion actually depict-
ed). This confirmed the specificity of the stimuli. Actually, the more ﬁequ&nt
errors were, as expected, o confound (1) annoyance with anger (annovance
mean rating for anger stimuli was 2.9), (2) contempt with dispust (mean:
1.2), (3) surprise with fear {mean: 1.4) or happiness (mean: 1.4}, (4) bore-
dom with neutral {mean: 1.8) or sadness (mean: 1.2). However, these errone-
ous ratings stay relatively low, and all the other mean ratings for the second-
ary emotion are lower than 1, which confirms the validity of this battery.

The complete results are presented in Annex | that gives an exhaustive
description of each stimulus: number, emotion depicted, type (word or inter-
jection), actor, mean rating for each emotional scale, ranking and specificity
percentage for each emotion.
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4. Di1scussioN

The aim of this study was to design a validared battery of emotional audire-
ry stimuli. Indeed, the exploration of the behavioural, electrophysiological
and neurcanatomical (e.g. Everhart et al., 2006; Kotz et al., 2006) correlates
of emotional sound processing became a central field of interest during the
last decade. Nevertheless, while a wide range of reliable materials exist for the
visual emotional stimuli (e.g. Ekman & Friesen, 1976; Hess & Blairy, 1995)
and while some preliminary works have been conducred to validate prosody
batteries (Borod et al., 1990; Pell, 2002), only some partial or specific materi-
als exist. For example, Fecteau et al. (2005) only used non-linguistic vocaliza-
tions; Pourtois ecaﬁ {2005) proposed only two emotions (ie. %u and happi-
ness); Golan et al. (2006; 2007), in the Cambridge Mindreading Face-Voice
Battery, presented a battery basad on emotional sentences, specifically dedi-
cated to autistic populations and focusing on complex emotions: finally Banse
and Scherer (1996) only described a pa.rual uﬂljfaﬁnn of their results, with
low recognition rates for certain emotions (e.g. 14% for disgust). Moreover,
in most of the studies using emotional auditory stimuli, the first aim was not
to present an auditory battery per se, but rather to explore various process-
ing on the basis of auditory stimuli. These studies were thus not precisely
describing the characteristics (validation, standardization, ...) of the stimuli
used, and did not put their simuli at the researchers’ cnmmumn"s disposal.
As a consequence, to our knowledge, no complete, validared and free audito-
ry emotional bartery has been published up to now. This surprising absence
of available material dampens the development of the field (as every research-
er has to build and validate his'her own stimuli), and hamper the comparison
among studies (as the specificity and intensity of the auditory emotions high-
ly varies across experiments). This paper is thus a first acrempt to develop a
validated and standardized auditory battery of emotional sounds.

The advantages of this battery are the following: First, it proposes a
complete and various set of simuli, as the final bartery presents 195 stim-
uli depicting the six basic emotions (anger, disgust, fear, happiness, neutral
and sadness), with two types of stimuli (word and interjection) and a wide
range of voices (eight male and nine female actors). Second, the 195 stimu-
li have standardized duration (700ms), which is crucial in studies where the
timing of stimulation is important {e.g. studies based on reaction times re-
cording, EJE’CEEDPh‘r’SJDngJCEE and neurcimagery studies). Third, the batcery
is highly validated, as the large qualitative validation (70 participants) with
10 emotional scales led toa precise ranking, based on specificity and intensi-
ty of each stimulus. This ensures a one-to-one relation associating each stim-
ulus with a precise emotion. Finally, the battery proposes a ranking of the
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stimuli among each emotion set (from the most obvious to the most ambig-
uous), which allows for choosing the emotional darity of each stimulus in-
duded in a study, according to the desired difficulty of the task. To summa-
rize, this battery is laree (with various emotions, stimulus tv pes and actors),
highly validated (on tﬁ basis of an expert analysis followed by 1 large valida-
tion}, highly standardized (controlled duration and intensity of the stimuli)
and based on a qualitarive evaluation (allowing a precise distinction berween
stimuli concerning the emotional intensity and specificity).

The pntennz%l applications of this battery are large and various. In the
field of neuropsychology, it could be a useful tool w explore (by means of be-
havioural but also neurcimagery approaches) the cerebral correlares of emo-
tional prosody, and for example (1) the dissociation between identity and
emotion processing in the voice (e.g. Bedarr & Belin, 2004), or (2) the dis-
sociation between the processing of ditferent emotions (e.g. Harciarek et al.,
2006). Moreover, d‘usiarren, fﬁrmsh.mg an auditory matching piece to the
existing EFE barreries, could be a helpful mol to investigate the neuropsycho-
logical dissociations berween visual and audirory processing of emotions, and
particularly to explore the crossmodal processing of emotions (e.g. Grossman
et al., 2006). Finally, as the explorarion of emational processing is a flourish-
ing field in FIS'rT.hlﬂtW this battery could lead to several applications amon
dinical populations {e.g. Maurage et al., in press). These examples are .:.%:
course not exhaustive, as this battery is designed to become a multi-purpose
rool, potentially usetul in a wide range of studies.

Mevertheless, this study is a first step in developing a more complete
and global battery of emotional vocal expressions, and further works should
u:levelcp this project in at least three directions. First, while the meaningless
stimuli (i.e. interjections) are already suitable for studies in other languag-
es, their validity among non French-speaking populations should be ascer-
rained. Second, it should be noted that our semantic stimuli (i.e. words) can
be used as emotional non-words among non-French speaking subjects, as the
emotional fearures of the word are contained in the prosody and not in the
word “paper” (which has a neutral meaning). NeverLEeless, new single-word
stimuli should be recorded in different countries, in order to obtain a compa-
rable marerial in ditferent languages. Finally, new stimuli, notably expressing
other emotions, could be recorded and validared to expand the battery. We
thus appeal to researchers studying emotional prosady in other languages, in
order to develop this battery and we propose to include, in the material pro-
posed on our website, any marerial validated in other languages, constructed
according to the same procedure as presented in this paper.

To sum up, it appears crucial o develop a plobal, validated and freely
available pool of emotional vocal stimuli, as the interest for the exploration
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of auditory processing of emotions increased exponentally during the last
vears, in normal as well as pathological populations. This study intend to be
the first step towards this ilrectlun by proposing a validated and standard-
ized battery of emotional vocal stimuli (word and interjection), which could
facilitate future studies using emotional vocal expressions, after the fashion of
what has been conducted in the domain of the emotional facial expressions.
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