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ABSTRACT

This contribution focusses on some of
the major issues in the study of emo-
ticnal expression in the speaking and the
singing voice. Adopling a sociopsyche-
bialogical approach, it is claimed that
affect vocalizations have multiple de-
terminants and serve multiple functions.
Based on research examples, it is dem-
onstrated how these determinants can be
empirically distinguished. Furthermore,
recent data on emotion differentiation
via acoustical profiles is presented. Brief
allusions are made concerning the appeal
and the symbol functions of affect vo-
calization. Finally, an approach 1o study
emotional expression in the singing
voice is presented.

INTRODUCTION

In his influcntial manual of rhetorics,
the Orator, Cicero remarks: “There are
as many movements of the voice as there
are movements of the soul, and the soul
is strongly affected by the voice™. While
the terminology is no longer fashionable,
this brief statement sums up much of
what current research on the vocal ex-
pression of emotion in speech and music
is empirically documenting. In this con-
tribution, 1 will present some of the work
of our research group, both with respect
to theery and data.

MULTIPLE FUNCTIONS AND
MULTIPLE DETERMINANTS
While i1 has been customary to con-
sider vocal expression in animals primar-
ily as indicative of underlying affective
or molivational states [I], recent re-
search indicares that the situation is more
complex. Marler and his colicagues,
studying the alarm calls of vervet mon-
keys, found that calls are not only in-
dicative of the emitter's fear state bat are
alsa specific te certain types of predators
[2]. Alarm calls produced for leopards,
eagles or snakes, for example, have dif-
ferent sounds, energy levels and fre-
quency ranges. Therefore, Marler and his
colleagues reject the notion that animal
communication is limited to indicating

the animal's emotional or motivational
state, arguing that most animal calls
have a very strong referential symbaolic
component. Supporting this notion is the
observation that alarm calls seem o be
partially learned. Therefore, the alarm
call system does not sitply "push out"
the underlying affect but reflects the out-
come of predater classification, which
reflects rudimentary cognitive processes.

An exclusive emphasis on either a
motivation-affect expression or a sym-
bolic function, neglects the fact that
most vocal signals are muliifinctional.
The Organon model, develaped by
Bithler [3], can be vsed to analyse the
functions of vocal affect signals. Tn this
model, a sign has threc functions: as a
symboi in representing the object, event
or fact it stands for, as a symptom of the
state of the sign user and us an appeal, or
signal, trying to elicit o response from
the receiver, The vervet monkey alarm
call, for example, serves all three: a) a5 o
symbol of different predators, b) as u
symplom of the fear swle of the animal,
and ¢) as an appeal to others to run
away. Furthermore, these functions are
mutually interdependent: if a call refers
o an aw predator, both the emotional
reaciion and the appeal may be very dif-
ferent from one made in reference 1o 4
ground predator - in the first case, both
emitler and receiver might seek shelter
under a bush and freeze; in the sccond,
they might become highly activaled and
run up a tree,

Apart from multiple functions we also
necd 1o consider multiple determinants,
We have suggesied 1o distinguish be-
tween push effects in which physiologi-
cal processes such as muscle tone push
vocahsations in a certain direction” und
pull effects where external factors such
as the expectations of the listener pull
the affect vocalisation toward a particu-
lar acoustic model [1]. In the push effect,
given that muscle tone is likely 1o be
higher in sympathetic wousal, the fin-
damental frequency of the voice (Foy
will also be higher, Pull effects, on the
other hand, are governed by social con-
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ventions such as display rules. These
cultural conventions influence the pro-
duction of signs required in social situa-
tions by specifying a particular acoustic
target pattern, as opposed to mental con-
cepis or intema! physiological processes
which push out expression. This distinc-
tion is important in uaderstanding the
differences between vocal preductions.

Thus, push Tactors are defined as pro-
ducing changes in subsyslem states in
the organism which have a direct cffect
on vocalisation parameters. They work
largely involuntarily; the effects on ve-
cal organs and the resulting acoustic pa-
rameters are almost exclusively deter-
mined by the pature and force of
physiclogical mechanisms. Pull factors
on the cther hand, although they are
mediated through internal systems, are
externally based - they operate toward
the production of specific acoustic pat-
tems or models, as in the case of detailed
optimum signal transmission features or
socially delined signal values.

Clearly, the push/pull concept of two
major types of determinants of vocal sig-
nals is directly linked to the Biihler
madel of multiple functions, One can
argue that the sympiom aspect, i.c. the
expression of an interna] state, tepresents
push, whereas the symbol and appeal
aspects represent pull. Differcnt factors
might determine the nature of the ex-
pressicn in cach case. And, it might be
the antagonism between push and pull,
e.g. high physiclogical arousal pushing
voice fundamental frequency up and the
conscious attempt to show “conturol”
pulling it down, which can produce
mixed or even contradictory messages. If
this were s0, 1t would be important to
empirically isolate the two determinants,
Future research and theorizing in this
arca will need to more clearly differen-
trate between these multiple determi-
nants and muitiple functions in order to
avoid fulile controversies about the “true
nulure” of aftect vacalizations..

EMPIRICAL ASSESSMENT OF
MULTIPLE DETERMINANTS

We argue that the type of determinant
will have a major effect on the coding,
i.e. the relationship between the underly-
ing referent and the sign features. If, in a
push cendition, muscle tension goes up
under stress, producing an increase in
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the fundamental frequency of the voice,
we would expect direct covariation be-
tween the amount of muscle tension in-
crease measuted by electromyopraphy
and the increase in fundamental fre-
quency as measured by digital voice
analysis. In this convariation model, we
would expect a continuous (and proba-
bly linear) covariation between the two
variable ¢lasses. The altemative is what
we gall the configurasion model [4]. The
configuration model is more "linguistic”
than the covariation model, ilsell more
psychological in nalure. The configura-
tion model argues that to achieve a cer-
tain effect in the listener, one uses a par-
ticular combination of intonation, accent,
word and/or syntaclic structure, eg, a
rising intonation contour in a WH-
question, 2 falling one for in a Y/N
question. There ate no variable dimen-
sions, ne continua, in configuratien ef-
fects: certain clusses of phenomena have
10 co-oceur o produce an effect. In
terms of push and pull, push is likely to
follow covariance rules, while pull, if
anything, would follow configuration
rules. In trying 1o understand how com-
munication processes follow either a co-
variatien or @ confipuration model, we
need to gather insight into he determi-
nants.,

Scherer, Ladd and Silverman con-
ducted two studies to distinguish covar-
iation and configuration. The first [4]
used a corpus of questions (from a large
scale study on interactions between civil
servanits and other citizens) that were
homogenous in structure, but that varied
in terms of pragmatic force. Some ques-
tions were clearly reproaches, though
phrased as WH questions, while others
were factual information questions. We
used three filtering or degrading tech-
niques 10 systematically isolate particu-
lar acoustic cues: a} low pass filiering, b}
random splicing, and c) reversing. {see
{5] for a comparative Hst of the acoustic
cues retained by the respective lech-
nigques).

The results show that even when the
text of the questions used is rendered
unintelligible, much of the affective
meaning remains in the acoustive signal.
This coafims the covariance medel in
its claim that nonverbal vocal cues con-
vey affect in a direct and context
independent way. However, this is true
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only for those masking conditions in
which voice quality cues are audible, i.c.
in the random splicing and reversing
conditions. I both of these conditions,
the intonation contour of the sentence is
lost or destroyed. This would seem to
imply that this feature of speech utter-
ances plays no major role in the com-
munication of affective meaning. Obvi-
ously, this is rather counter-intyitive and
contradicts empiricai evidence showing
that this information is relevant for the
communication of affect, Could it be
that intonation fellows configuration
rather than covariance rules? In order 10
investigate this question with the speech
material in this study, we divided the
questions inte WH and Yes/No ques-
tions and classified the intonation con-
tours into final fail and final fise [4). The
results show that intenation contotr ob-
viously has a strong effect on the im-
pression of speaker affect but it seems to
be mediated by context effects, verbal or
syntactic.

One might interpret these results as
reflecting the tradiucnal descriptions of
“normal” or "unmarked” intonation for
the two different question types. The
supposedly "normal” cembinations of
intonation type (i.e. falling WH ques-
tions and rising yes/no questions) were
Jjudged as more polite and agreeable.
"Marked" combinations on the other
hand were rated rather more negatively.
This clearly points to strong configura-
tion effects. It is possible then, to pre-
sume that some acoustic cues, such as
voice quality, operate according to co-
variance rules, whereas others, such as
intonation contewrs, are used in accor-
dance with configuration rules. This
would make sense in terms of a psyche-
biological approach to communication.
One could argue that those cues that
show a remarkable degree of phyloge-
netic continuity - such as the differential
nature of phonation which yields differ-
ent voice qualities - are ¢loser to direct
covariance with physiological states. In
conrast, cues that have been domesti-
cated within a language system, such as
intonation, should follow a configuration
mode].

In order o further test these notiens,
we used digital resynthesis of speech in
order 1o be able to experimentatly vary
different acoustic cues in a factorial de-
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sign. Such an approach obviausly aveids
the disadvantage of using a natiral cor-
pus, since it allows greater experimental
control of the variables undet study. In a
series of studies [6,7], we used this
technique to systematically vary intoma-
tion contour, FO range, intensity, timing,
accent, structure, and other parameters.
The advantage of this procedure, as
pointed cut above, is that all of these
acoustic features under study can be
manipulated independently of each other
in a factorial design while leaving all of
the remaining acoustic cues constant.
Three major types of findings will be
highlighted. First, we did not find an
interaction effects in the analysis of vari-
ance, supgesting that the acoustic vari-
ables we studied function largely inde-
pendently of each other. Secondly, in
those studies where we used several
speakers and several utlerances, we
found virtually no interaction between
these factors and the acoustic variables
menipulated. This encourages one to
think that the effects can be geacralised
over 8 wide range of speakers and utter-
ances. Thirdly, out of the variables stud-
ied, FO range had the most powerful ef-
fect by far on the judgment of the raters,
particularly on “the attributions of
arousal. Furthermore, we were able 10
show that these effects seemed to be a
continous function of changes in FO
range since arousal related ratings go up
in 4 linear fashion with increasing range.
Results for intonation contours and
voice quality were complex and seem to
require further study. In the case of into-
nation contours, this may well be dug to
the impertant role of the configuration
model for this variable. In consequence,
we feel that the distinction between cen-
figuration and covarlance rules may be
very useful in understanding the com-
munication of affect in vocal utterances
and it would seem usefil to continue this
type of rescarch with the aid of modern
digital signal manipulation techniques.

ACOQUSTIC EMOTION PROFILES
The research reported above dealt
with affective states of relatively law in-
tensity as cne is likely to encounter in
normal social interactions. Full-blown,
intensive emotions are difficult, if not
impossible, to study in an experimental
fashion. Therefere, much of the work on
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the acoustic concomitants of emotion
has used actor portrayals of different
emotienal states 1o obtain vocal expres-
sion samples that could then be analyzed
acoustically. Pittam & Scherer [8] have
summarized the state of the literaiure to
date as follows:

Anger: Anger generally seems to
be characterized by an increase in mean
FO and mean energy. Some studies,
which may have been measuring "hat"
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anger (mest studies do not explicitly de-
fine whether they studied hot or cold an-
ger), alse show increases in FO variabil-
ity and in the range of FO across the ut-
terances encoded. Studies in which these
characteristics were not found may have
been measuring cold anger. Further an-
ger cffects include increases in hi gh fre-
quency cnergy and downward directed
FO contours. The rate of articulation
usually increases.

Y
8 B & 8 8

Hot Anger
Cold Anger
Fanic
Anxicty
Despair
Sadness

Elation

Enterest
Boredom
Shame
Pride
Disgust
Contempt

Happiness

Figure 2. Accuracy of emation recognition in vocal actor portrayals tbased on data
Srom[1Q)). The shaded parts of the kars represent confusions beiween members of the

same emotion family.

Fear: There is  considerable
agreement on the acoustic cues associ-
ated with fear. High arousal levels would
be expected with this emotion, and this
is supparted by evidence showing in-
creases in mean FO, in FO range, and
high frequency cnergy. Rate of articula-
tion is reported to be higher. An increase
in mean FO has also been found for
milder forms of the emotion such as
WOITY OF anXiety.

Sadngss: As with fear, the find-
ings converge scross the studies that
have included this emotion. A decrease
in mean F0, FO range, and mean ene:
is usually found, as are downward di-
rected FO contours. There is evidence
that high frequency energy and rate of
articulation decrease. Most studies have
investigated the quieter, subxued forms
of this emotion rather than the more

highly aroused forms such as despera-
tion. The latter variant might be charac-
terized by an increase of FQ and energy,

Joy: This is one of the few posi-
tive emotions studied, most ofen in the
form of elation rather than more subdued
forms such as cnjoyment or happiness.
Consistent with the high arousal level
that one might expect, we find a strong
convergence of findings on increases in
meen 0, FO range, FO variability and
mean energy. There is some evidence for
an increase in high frequency energy and
rate of articulation.

1 : The results for disgust
tend to be inconsistent across studies.
The few that have included this emotion
vary in theit encoding procedures from
measuring disgust (or possibly displeas-
ure} at unpleasant films to actor simula-
tion of the emoation. The studies using
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the former found an increase in mean FO,
whereas those using the latter found the
reverse - 2 lowering of mean FO. This
inconsistency is echoed in the decoding
literature.

Even though these results seem to in-
dicate a rather clear acoustic differentia-
tion of the major basic emotions, it can-
not be e¢xcluded that many of the differ-
ences are due to a simple arousal factor -
high sympathetic arousal, which is typi-
cal for several emotions, driving up FO,
energy, and high-frequency spectral en-
ergy. The issue of whether vocal ex-
pression  only indexes sympathetic
arousal, rather than qualitative emotion
differences {as found in prototypical fa-
cial expressions} has been one of the
major concerns in this arca [9].

ICPhS 95 Stockholm

A study recently conducted by our re-
search group allews an advance with re-
spect to this issue. 12 professional actors
were asked to portray 14 emotions
varying in intensity and valence or qual-
ity [10]. A total of 224 different por-
trayals, 16 per emotion catcgory, were
presented to judges who were asked to
decode or infer the emotion category in-
tended by the sender or encoder. The
results on decoding replicate and extend
carlier findings demonstrating the abil-
ity of judges 1o infer vocally expressed
emotions with much better than chance
accuracy for a large number of emotions.
Figure | presems the differences in rec-
ognition accuracy across the 14 emo-
tions. Consistently found differences in
the recognizability of different emotions
are also replicated.
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Figure 2. Acoustic profiles for three selected emotions. See contribution by Johnstone,
Banse, & Scherer, this volume, for the legend of acoustic variables.

All 224 portrayals were subjected to
digital acoustic analysis to obtain pro-
files of vocal parameters for different
emotions, using a large set of acoustic
variables. Figure 2 presents the acoustic
profiles for some of the most interesting
cmotions. The data provide first indica-
tions that vocal parameters not cnly in-
dex the degree of intensity typical for-
different emotions but also differentiate
valence or quality aspects. They also
supgest that with further refinement in
acoustic measurement it might be possi-
bie 10 determine stable acousti¢ profiles
for mest emotions ~ provided that appro-
priately differentiated emotional states
are uscd [¢]. Discriminant analysis and

jack-knifing were used o determine how
well the 14 emotions can be differenti-
ated on the basis of the vocal parameters
measured. The results show remarkably
high hit rotes and patterns of confusion
that closely mitror those found for lis-
tener-judges. It could aiso be shown that
much of the variance in the judges’ in-
ferences could be predicted on the basis
of the acoustic measurements, allowing a
more detailed assessment of the acoustic
cues that listeners use in inferxing emo-
tion from the voice,

APPEAL FUNCTIONS OF AFFECT
VOCALIZATION
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Research on the signalling or appeal
aspect of vocal affect expression is par-
ticularly underdeveloped. However, 1t is
possible to make a case for an important
appeal function of vocal emotion ex-
pression in social influence seutings, par-
ticularly persuasion. For example, it can
be argued that appropriate emotional ex-
pression by a persuader will tend to in-
crease the effectivencss of the persuasive
message because of a) the atiributien of
greater credibility and trustworthiness to
the sender, and b) the production of ap-
propriate  emotions in the audience
which may induce the desired attitudes
or hehaviors or make the cognitive proc-
essing more amenable 10 accepting the
tessage emitted by the persuader [11}.

SYMBOLIC, REFERENTIAL
FUNCTIONS OF VOCAL AFFECT
EXPRESSION

[ ventwred a rather speculative pro-
posal on how one might conceive of the
symbolic funclion of vocal affect signs
by arguing that the acoustic charateris.
tics of an emotional vocalisation reflect
the complete pattern of the cognitive ap-
praisal process that produced the emo-
tienal state in the sender. This informa-
tion about the criteria used in the emo-
tion-antecedent evaluation should allow
the listener to reconstruct the major fea-
tures of the emation producing event and
its effect on the speaker [12]. in order 10
explain this postulate | have to exposc
some recent theorising on  emotion.
Many theorists in the field of psy-
chology of emotion seem convinced that
most human emoticns are preceded by
cognitive evaluation of events and situa-
tions (although the 1ype of cognitive
process can be relatively low level,
automatic and unconscious}. 1f this is the
case, then knowing an organism's emo-
tional state should allow us (v infer the
emotion  cliciting® cognitive processes,
und thus, the approximate nature of the
emotion eliciting event. If listeners are
able to identify a particelar emetional
state of the sender from the acoustic
features of the vocalisation, thus infer-
ning the nature of the emotion preducing
event, then one might claim a symbolic
function for emotional vocalisations.
One could go even further. We are not
only able to identify emotional states on
the basis of acoustic cues, we may even
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have direct access to the results of the
cognitive appraisals that have produced
a particular emotional state. 1t is possible
to elaborate predictions on how we
would expect the major phonation char-
acteristics to vary as a resull of the major
emotion antecedent evalualion criteria
[1,9]. (The data from the actor portrayal
study reported above were used to test
these theoretical predictions on vocal
patterning, based on the component proc-
ess model of emotion, While most hy-
potheses are supported, some need to be
revised an the basis of the empirical evi-
dence.)

If this line of reasoning is correct, one
might conclude that by appropriate ins
ferences from particular acoustic cues,
receivers should be able to judge not
only the nature of the emotional state of
the speaker but also, and maybe even
more directly, the outcomes of the pat-
tern of cognitive appraisals which have
produced the respective emolional states.
in consequence, -listeners should also bhe
able 1o infer the approximate nature of
the emotion producing event or situation
as well as  jnformation abowt the
speaker's €go invalvement and coping
potential. If this were the case, and if this
cffect were to be powerful enough 0
transcend individual ideosyncracies and
the influence of centextual clues, then
one would be justified in claiming a
symbolic Tepresentational function for
nonverbal vocal affect expression.

EMOTIONAL EXPRESSION IN
SINGING

One cun argue that emotion vocaliza-
tions might be at the root of all of human
speech and singing {13]. It is not surpris-
ing, then, that much of what has been
said above about multiple functions and
multiple determinants is also true for
singing. The acoustic signal preduced by
a singer reflects his or her emotional
state, produces affect in the listeners, and
often symbolizes abstract notions about
emotionality (as shown,for example, in
the Affecienichre of Baroque opera).
Reviews of the literature on all three of
these aspects can be found in [14,15].

Unfortunately, empirical work s
scarce in this area. 1 will conclude this
contribution with an illustration of a re-
cent study of our group on emotional
expressien in operatic singing [16]. Two
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excerpts from the cadenza in Ardi gli
incensi from Donizetii's opera Lucia di
Lammermoor were acoustically analyzed
for five recorded versions of the air by
Toti dal Monte, Maria Callas, Renata
Scotti, Joan Sutherfand, and Edita
Gruberova, The measured acoustic pa-
rameters of the singing voices were cor-
related with preference and emotional
expression judgments, based on pairwise
comparisons, made by a group of expe-
rienced listener-judges. In addition to
showing major differences in the voice
quality of the five dive studied, the
acoustic paramelers permit ohe to de-
termine which vocal cues affect listener
judgments, Furthermore, two ¢omponent
scores, based on a factorial-dimensional
analysis of the acoustic parameters, al-
low the prediction of B4% of the var-
ance in the preference ratings. Thus, we
were able to show 1} that the different
interpretations elicited significantly dif-
ferent listener ratings of emotional ex-
pressiveness, 2) that the veice samples
of the five singers differ quite substan-
tially with respect to objective acoustic
variables, and 3) that we can quite suc-
cessfully predict listener attributions on
the basis of the objective acoustic char-
acteristics.
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