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ABSTRACT

In this experiment, thacoustic correlates of perceived
emotions insinging were investigated. Singerswere
instructed to sing one phrase imeutralwayand in the
emotionsanger, joy, fear, andsadness Listeners rated
the strength of theperceived emotions for each
fragment. Principal component analysesere
performed on the listenergatings. Thelerived factors
wereinterpreted as listening strategiesid alistener’s
factor loading as an indicator of the extent to whkcdt
listener usedhat strategy. Using the originahtings
and the factor loadings,the phraseswere assigned
compositeratingsfor each emotion. Acoustic measures
of spectral balance, vibrato, duratiandintensity were
related to the composite ratings using multiple
regression analyses. It was foumldat anger was
associated withhe presence of vibratgoyous phrases
had vibrato, a short final durationand a shallow
spectral slopesadnessvas associatedith absence of
vibrato, long durationand alow intensity, whereagear
was related to a steep spectral slope.

INTRODUCTION

In this study, we wanted to investigathe acoustic
correlates of different perceived emotions in singing.
The results obtained iprevious studies have suggested
that theperception of different emotions depends in a
complicatedway on avariety of acoustic parameters [1,
2]. Kotlyar andMorozov[1] used different phrases for
the different emotions, which makes #tard to
distinguish apossible effect ofhe type of phrasefrom
the effect of emotion. Sundberg eal. [2] used a
professional singewho was asked tesing different
phrases in an “emotional” and “neutral” way. Tbeus

of that study was thereforenot so much on the
difference betweerthe emotions, butather between
neutral end emotional singing.

To eliminate apossibleinteractioneffect of phrase and
emotion, we decided to use oplerase thatvassung in

a number of emotions by a variety of listeners. Our
aimswere twofold:first, to determine whether listeners
canactually perceivéhe differentemotions intended by
a singer. Second, ifo, to determinethe acoustic
correlates of the differently perceived emotions.

EXPERIMENTS
Recordings: material, singers and procedure

The materialused in this study had been collected
previously[3]. For thisstudy, we used recordings of 14
professional singers (7 males, 7 femalekd were each
asked to sing part of ‘Der Erlkénig’ by Schubert. To
ensurethat the singers did naoteviate toamuch in their
pitch, they listened to a complsignal of theprescribed
fundamental frequency (208 Hz, males; 370 Hz,
females) before singing a particular fragment.

From this material, weelectedhe phraseMNein Vater,
mein Vater, und hoérest du nicM/asErlkdnig mir leise
verspricht..?”. The phrasevassung in thefollowing
emotions byall singers:anger, joy, fear, andsadness
In addition, the phrasewas sung in a neutral
“emotionless” way. The phrasavas considered suitable
for the expression of differer@motions because it can
be given different semantic interpretations.

I. Perceptual evaluation of emotions

Twenty-five non-professiondlsteners (13 females, 12
males) were asked tate the strength of thgerceived
emotions for each dhe 70 (14 singers 5 emotions)
fragments. The listenersvere paid for their co-
operation. The perception experimavds carried out

in sound-treated booths.

Stimuli were presented inrandom order over
headphones using an event-driven computer program
[4]. During the presentation of the stimubur sliders
were projected on a computer screen: each was labelled
with a particular emotion. By moving the sliders with a
computer mouse,the listeners could indicate the
strength of the perceived emotion. The leftmost position
indicated an emotionlessreutral rating, the rightmost
position an emotiorthat was perceived as maximally
strong. The listenersvere free to use whatever
combination of sliders they considered appropriate. We
did not want to restrict ratings to one dominant emotion,
because we considered it plausithat certain stimuli
give rise to a combined perception of emotions, like
angerandfear, or fear andsadness Theselected slider
positions were logge@nd converted toratings with
values between 0 (emotionlesshd 100. Thus, for
everystimulus, allfour emotions were@ated. Care was
taken that thdragmentswere presented atppropriate



intensities reflecting theSPL differences measured
during recording (recording intensitiggere calibrated,
[3]). Stimuli were repeated automaticallyntil the
listener pressed a “next stimulus” buttorlJpon the
presentation of a new stimuluthe four sliderswere
automatically reset to thkeftmost “neutral” position.
The listeners participated in a short trainiagssion

Intensity (in dB SPL) was determined fothe entire
phrase and thaforementioned thregowels /a:/, &/,

and /i:/.

Measures of vibrato frequency and extent were manually
determined forthe threevowels onthe basis of an FO
trace obtained with the signal analysis programme.
Vibrato frequency(in Hz) was determined othe basis

using ten other, but comparable, sung fragments to get of the number obbserved vibrataycles inthe FO trace

used to the task.
Results perceptual evaluation of emotions

First, mean ratingsvere calculated othe basis of the
1750 (25 listeners< 5 emotionsx 14 singers) “raw”
ratings. As might beexpected, individual singers
differed markedly irtheir ability to expresshe intended
emotions; the meamatings and standardeviations
varied widely within the group of singers. Similarly,
means and standardeviations ofratings within the
listeners also indicated large inter-rater variability.
However,when datavere averaged acrofisteners and
singers, the intended emotiaiways gotthe highest
mean rating of alpossible emotionsndicating that -on
average- the singefsad succeeded in expressing the
intended emotion,and that thelisteners had -on
average- been able to perceasad label these emotions
correctly . We therefore felt confident to concluthet
the listenershad in fact been able to perceive the
emotions intended byhe singers, althougldifferent
rating strategies had probably been used.

[I. Multiple regression analyses

The second aim of thistudy was todetermine the
acoustic correlates d@he perceived emotions by means
of multiple regression analyses, with ratinggwfotions

as dependent variables, and acoustic data as predictors.

Acoustic analyses

A total of 20 acoustic parametensere determined for
each of the 70 phrases.
measures of duration, intensity, vibrato, specsiape
and accuracy of fundamental frequency.

Four duration parametemsere determined(in s): the
total phrase duratiorgnd the duration of threeowels
in the phrase: thgowel /a:/ in the first instance of the
word Vater, the vowel &/ in the word hoérestand the
vowel /i:/ in the phrase-final wongicht

Fragments sung in aeutral manner got a
relatively high meansadnessrating, indicating
that theperception of emotion was biasedtims
phrase. Mean ratings @mgerandsadnessvere
relatively high, indicating that théstenerswere
more confident about thegatings thanfor the
joy andfear.

and thevowel duration. Vibrato extenfin semitones)
was determined aollows: first, local maxima and
minima were determined in the FO traces. Mean FO was
calculated on thévasis of thesenaxima and minima.
The difference betweerthe maximum and mean FO
value was determined in Hz, and subsequently converted
to semitones (relative to local mean FO).

For each of the thregowels, asimple spectraklope
measurgin dB) was based otte intensitydifference of

two frequencybands, oneangingbetween 6Gnd 2500

Hz, another between 3000 and 8000 Hz.

A measure of fundamentédequency deviatiorfin Hz)

was defined for each ofhe three vowels as the
difference between FO as prescribedhie musicakcore

and the observed mean FO.

Determination of composite emotion ratings

For each phrase, wiead 25 ratings on thdifferent
emotions, but only one measured value qfaaticular
acoustic parameterThis discrepancy irthe data had to
be corrected. The mosibvious solution would be to
averageatingsacross listeners, reducitige 25 ratings
to one meanrating. However, this would not be
appropriate, considering the large inter-rater variability.
Instead, we decided tdook for patterned rating
behaviour in thedata, reflecting differentrating
strategies.

Principal Component Analyses of emotion ratings

First, a 25% 25 correlation matrixvas determined for
the listeners’ ratings on a certagmotion . Next, a
principal component analysis with varimax rotation was
performed on the correlatiomatrix [5], yielding a

The parameters included number of independent factorg&very listenernow had

a specific loading on each factor: listeners who tended to
rate in a similarway had similarloadings on similar
factors. Thus, the differenfactors reflected different
rating strategies. Thédactor loadings of individual
listeners could be interpreted as a an indicator of the
extent to which the ratings of a particular listener
complied with a particular rating strategy.

The results of the principal componentmalyses
indicatedthat the ratinggould be described by at least
six independent factors, which furtherovesthat a
simple averaging across listenewould have been
inappropriate. The firdactor accounted fo81, 27, 38,
and 26% of the variance in the ratings afhger, joy,
sadnessandfear, respectively. The combination of all
factors explained around 90% tbfe rating variance for

all types of emotions.
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Figure 1. Factor loadings of grouped acoustic parameter§vendimensions.Plusses: duration measures; squares:

intensity measures, triangles: vibrato measures; circles: spectral slope measures; diamonds: FO deviation measures.

For our purpose -the construction of a singbenposite
rating for each emotion on each fragment- we used the
loadings on the firstactor only. This factor explained
most of the variance in theatings, andwas therefore
considered to refledhe most dominantating strategy.
The compositeratings were calculated as follows: For
each fragment, the product of a listener’s “raating
and her / hidirst factor loadingwas calculated. Next,
the productsvere added foall listeners. The resulting
sum was finally divided bythe number of listeners.
This was done for each emotion separately. The
obtained compositeatingsweighed a listener’sriginal
rating on a particulaemotion to the exterthatshe / he
had used the “first factor” rating strategy

Results multiple regression analyses

Using the compositeratings and theacoustic data,
stepwise multiple linear regressionanalyses were
performed for each emotion. A combination fofe
predictors explained 60% of the variance in the
compositeanger ratings. Theselected predictoraere
vibrato extent othe vowels b/ and /a:/, thentensity of
the vowel /i:/, and thespectral slope othe vowels/a:/
and #/. For joy, 24% of the rating variance was
explained by three predictors (vibrato extent /of,
spectral slope offa:/, and duration of /i:/). Four
predictors explained 67% of the variance in the
composite sadness ratings (total phrase duration,
duration of /a:/yibrato frequency ofa:/, andSPL /i:/).
Ratings offear could be related to just one predictor, the



spectral slope ofi:/, which accounted for 23% of the
rating variance. Results are summarised in Table 1.

Table 1. regression equations fbe differentemotions
(composite ratings).

emotion predictors and coefficients

anger -80 + 9.2 vibrato exteny/ + .74 SPL /i:/
+ .82 slope /a:/ - .35 slope//

joy 6.3 + 4.4 vibrato extent /i:/ -.22 slope /a:/
- 2.6 duration /i:/

sadness 2.4 total duration - .59 vibrato frequency
/a:/ - .14 duration /a:/ - .19 SPL /i:/

fear .26 slope /i:/

Interpreting the signs andeights of the regression
coefficients in Table 1 is hazardou$he signs cawonly

be interpreted meaningfully if the predictors in the
model are uncorrelated. Second,the magnitude of a
regression coefficientanonly beinterpreted (and then
even to some extent) ithe different predictors are
measured in the same units. The latt@s obviously
not the case inthis study. In addition, itwas to be
expectedhatcorrelations existed between several of the
acoustic predictors, as they could be groupeduiration
measures, vibrato-related measures, and so forth.

Principal Components Analyses of acoustic data

To facilitate interpretation of the results givenTiable

1, the acoustic data were subjected to grincipal
component analysis. The analysis extractiog
orthogonal factors, accounting for 78%thé variance

in theacousticdata. Factors one to fivexplainedsome
30, 18, 11, 10, and 9% of the varian@spectively. As
can beobserved irFigure 1, the duration measures had
high loadings on the first factor. All intensity measures,
except intensity of the vowel /i:/, loaded highly on factor
two. The parameters thanhdicated a deviation in
fundamentalfrequency had high loadings on factor
three. Spectral-slope parameters loaded highly on factor
four, whileall six vibrato measurelad highfactor five
loadings.

Based on the data in Figure 1, we conclutthed ratings
of anger could be meaningfully related tie vibrato
measures only; athe other predictors (intensity of the
vowel/i:/ and thetwo spectral slope measures) were not
really independent of each other. Tasitive signs of
the regressiowroefficients ofthe two vibrato predictors
(vibrato extent of theowels #/ and /a:/)indicatedthat
angerwas associated with the presence of vibrato.
The predictors ofjoy ratings (vibrato extent of/i:/,
spectral slope ofa:/, and duration of /i:/) did idact
load on different factors. Joyous phrases could be
characterised by thebsence of vibrato, a shallow
spectral slope, and a short phrase final duration.
Predictors osadnesgtotal phrase duration, duration of
[a:/, vibrato frequency ofa:/, andSPL /i:/) also loaded

on different factors.Sadphrasesvere characterised by
a long durationabsence of vibratcand alow phrase-
final intensity. Ratings ofear wererelated to asteep
spectral slope in phrase final position.

CONCLUSION

The first aim of the experimentvas to determine
whether listeners could perceive different emotions in
sung fragments. The results of the perception
experiment revealedhat individual listeners differed
widely in their ratings of ajiven stimulus. On average,
however, the emotions intended byhe singerswere
correctly recognised @hgry’ phrases got relatively high
angerratings, and so forth). The principgdmponents
analyses onthe perceptual datgprovided further
evidencethat listenershad used different strategies in
rating the emotions. Compositeratings were
determined on thdasis ofthe principal components
analyses. Using thesatings, thedifferent emotions
could be related to a fairly distinct combination of
acoustic parameterddowever,considering thdact that
these compositeatingswere based on only one of the
possiblerating strategies, the results of the regression
analyses have to be interpreted watdmecaution. The
fact that different listenersmay employ differentating
strategies couldnean that theoutcomes of acoustic-
perceptual studies strongly depend on the perceptual
strategy or strategiesmployed bythe listeners. Further
research, preferably involving analysis-by-synthesis
techniques, is needed to investigdte full range of
possible relationships between the acoustics and
perception of emotion for different groups of listeners.
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