On the use of melodic patterns as prosodic correlates of emotion in Spanish
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Abstract

This paper presents an acoustic and perceptualsisalf the
use of melodic patterns as prosodic correlates b t
expression of emotional states in Spanish. The détthe
acoustic analysis of a corpus of neutral and ematio
declarative sentences in Spanish are presentdd sfirswing
that emotional utterances are frequently closed hyjse-fall’
pattern that is not used in neutral speech. Howekierresults
of the perceptual experiment carried out to testgérceptual
relevance of this pattern for the identificationevhotions in
speech seem to indicate that, although it doesribote to
recognize a utterance as emotional, its use isaarmifficient
cue by itself.
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1. Introduction

The analysis of the melodic correlates of emotiorspanish
has been mainly focused, as for other languageglaal
parameters, such as FO range or height ([1], B&].ajnong
others). However, much less attention has beentpdltk use
of specific melodic patterns (local FO movemenssphonetic
correlates of emotion. Classical studies such asottee by
Navarro [4] suggested that Spanish speakers dasmtthe
same melodic patterns in neutral than in emotioittgrances,
at least as final (boundary) movements is concerivare
specifically, they reported the use of a ‘rise*fillal pattern
as prototypical of emotional speech. Nothing wad s#out
non-final patterns. Since then, no experimentatlisti have
been carried out to validate their hypotheses.

This work presents the results of an acoustic aedgptual
study on the use of melodic patterns to expresstiena
states in Spanish, carried out in the framewortheflI3Media
project. In the following sections, the resultsasf acoustic
analysis comparing the melodic movements used ith bo
neutral and emotional utterances, using as baserialat
corpus of emotional and neutral speech recordethglihe
project by a professional speaker, are presentetl also the
results of a perceptual experiment carried outdlidate the
results of the acoustic analysis.

2. Acoustic analysis

The goal of the acoustic analysis was to determihieh are
the most frequent melodic patterns used in bothrakeand
emotional speech, in order to determine if theeedififerences
between both styles.

2.1. Corpus

The material used for this analysis has been eeglaftom
two subcorpora (‘neutral’ and ‘emotional’) of ader corpus

of speech recorded by a professional actor foryamsaland
synthesis purposes. The speaker was selected amsigng
candidates considering, among other criteria, His sto
imitate emotional speech in a realistic manner. Teaitral’
subcorpus contained 1.000 utterances, extractedlynaom
newspapers, that the speaker was told to reat@utmal style.
The ‘emotional’ subcorpus included 378 utteraneasiacted
mainly from literary texts, representing 42 diffiet@motional
states (9 items x 42 emotional labels), that treaker uttered
to express the target emotions. The corpus wasdeddn a
professional studio at Pompeu Fabra Universityngisa
headset microphone to allow the speaker to ‘acfresly as
possible.

2.2. Analysis procedure

Both subcorpora were processed using MelAn, thenaatio

annotation and modelling tool for melodic contodescribed
in [5], which applies the modelling framework of logic

contours proposed at [6, 7]. In this framework, odét

patterns are defined as series of perceptuallyvaate
inflection points occurring in the domain of a siegroup
(portion of utterance including a stressed sylladoe all the
unstressed syllables following it). Inflection ptsinare
labelled as ‘peak’ (P, P+) or ‘valley’ (V, V-) aaeling to the
relative height in the FO range of the speake amchored to
specific parts of the container syllable. For exemp pattern
labelled as VIO_VI1_PM1 (illustrated in figure ¥ made up
of three different inflection points: the first orf¢10) is a
‘Valley' (V) point anchored at the vicinity of tHeeginning (1)
of the syllabic nucleus of the stressed syllabe tfte second
one is also a ‘Valley’ (V) point, located near teginning of
the syllabic nucleus of the post-stressed sylléb)e and the
last one (PM1) is a ‘Peak’ (P) point placed arotine mid

point (M) of the syllabic nucleus of the post-sses syllable

).
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Figure 1. Notation example of two melodic patteshthe utterance
‘¢ Quiere alguien explicarme de qué se trataered by a female
speaker.



Using this tool, a list containing the most frequemelodic

patterns for each considered condition was autcalbti

obtained. These conditions were defined as thdtre§uhe

combination of the following variables: style (‘eal’ or

‘emotional’); number of syllables of the stressugpposition

of the stressed syllable in the stress group (bstiad first

one, but not in all cases); position of the pattérnthe

intonational group (initial’, ‘internal’, and ‘finl/non

sentence-final’ and ‘final/sentence-final’); andntnce type
(‘declarative’, ‘exclamative’, and different type fo
interrogative sentences). The variable ‘emotiors hat been
considered, in order to avoid an excessive fragatiemt of the
data.

2.3. Reaults

For practical reasons, the results presented heseride only
a part of the conditions considered in the full lgsia. The
following subsections include the data correspogdim two

types of patterns, the ones appearing in interma fnal

(sentence-final) positions, as representative @ platterns
related to accent and intonation, respectively. fEmelencies
observed in these two conditions are similar in dheer two
analysed conditions (‘initial’ and ‘final/non sente-final’).

Also, only the data obtained from 1-syllable andyf#able

stress groups in declarative sentences (the mexgiént in the
corpus) are presented.

2.3.1. Internal patterns

Tables 1 and 2 present the most frequent interaiéims for
1-syllable and 2-syllable stress groups in emotioaad
neutral speech, respectively.

Syllables Stressed syllable Pattern Appearances

1 1 0 66
VI0_PMO 28
PMO 26
P10 20
VIO_PFO 14

2 1 0 46
VIO_PMO 28
P11 25
VIO_PI1 21
PMO 18

Table 1. Most frequent internal patterns at stgesaps of 1
and 2 syllables in the emotional subcorpus

Syllables Stresed syllable Pattern Appearance

1 1 0 151
VIO_PFO 73
VI0_PMO 71
VFO 52
VIO 50

2 1 0 119
VIO_PMO 76
VIO_PI1 70
P11 55
PMO 41

Table 2. Most frequent internal patterns at stgesaps of 1
and 2 syllables in the neutral subcorpus

An analysis of both tables shows that most frequatterns
are similar in neutral and emotional conditionsaragrom O
pattern (absence of relevant inflections alongsthess group),
which is the most frequent one in 1-syllable andylable
groups, VIO_PMO pattern (low FO at the beginningtioé

group, and FO peak in the middle of the stressddbdg) is
the most common pattern in both conditions. FigRighows
an example of this type of pattern in the emoti@uapus.
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Figure 2. Example of VIO_PMO internal pattern at thterance
‘Ahora ya puedo hablruttered by a male speaker.

Other patterns, such as VIO_PFO (low FO at therm#gg of

the group, and FO peak at the end of the stresdlathls) in 1-

syllable groups or VIO_PI1 (low FO at the beginnioigthe

group, and FO peak at the beginning of the posssé&d
syllable) in 2-syllable groups, are also frequent hoth

conditions. The presence of these two patterns grii@most
frequent patterns in both conditions suggests ttred

phenomenon of peak delay [8, 9, 10] occurs in ailaim
manner both in neutral and emotional speech.

2.3.2. Sentence-final patterns

Tables 3 and 4 present the most frequent sentémede-f

patterns for the emotional and neutral subocorpora,
respectively.
Syllables | Stressed syllable  Pattern Appearances
1 1 VIO_PMO_VFO0 23
VFO 21
VIO_PFO 8
VIO_PMO_PFO 8
PFO 6
2 1 VIO_PMO_VF1 21
P11_VF1 15
PMO_VF1 13
VIO_PMO_PI1_VF1| 11
VIO _PI1_VF1 10

Table 3. Most frequent sentence-final patternsrass
groups of 1 and 2 syllables in the emotional suasr

Syllables | Stressed syllable Pattern Appearandes

1 1 VFO 45
PI0O_VMO_VFO | 22
PI0_VFO 18
VMO_VFO 17
VIO_VFO 14

2 1 PI0O_VI1_VF1 45
VI1_VF1 40
PI0_VFO_VF1 18
VMO_VF1 18
VIO_VF1 17

Table 4. Most frequent sentence-final patternsrass groups of 1
and 2 syllables in the neutral subcorpus

In this case, the observation of both tables reveame
differences between the two conditions: in the radut
subcorpus, all the most frequent patterns, both-gyllable



and 2-syllable groups, are falling (VFO, PI0_VMO0_0/F the
case of 1-syllable groups; PIO_VI1_VF1 or VI1_VFbr
example, in 2-syllable groups); in the case of ¢onai
utterances, falling patterns (VFO, in 1-syllableowps;
PI1_VF1 in 2-syllable groups) are also among thestmo
frequent ones, but rise-fall patterns seem to beerfrequent
than falling ones: VIO_PMO_VFO (low FO at the bedirg of
the group, FO peak in the middle of the stressdldidg, and
low FO again at the end of the stressed syllalsleéhé most
frequent pattern in 1-syllable groups, and VIO_PMB1 (low
FO at the beginning of the group, FO peak in theédhei of the
stressed syllable, and low FO at the end of the-gtosssed
syllable) in the case of 2-syllable groups. FiguBesnd 4
show two examples of these patterns. Rising pattsuch as
VIO_PFO (low FO at the beginning of the group, &tdpeak
at the end of the stressed syllable), VIO_PMO_R&® FO at
the beginning of the group, and high FO level friti@ middle
to the end of the stressed syllable) or PFO (higtekel at the
end of the stressed syllable) are also among the freguent
ones in the case of 1-syllable groups.
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Figure 3. Example of VIO_PMO_VF0 sentence-finatgat at the
utteranceri amor, mi amdr uttered by a male speaker.

Figure 4. Example of VIO_PMO_VF1 sentence-finatgat at the
utteranceno sé estar enfadado contigattered by a male speaker.

3. Perceptual analysis

The results of the acoustical analysis showed thah main

differences between FO patterns used in neutrakamational
speech seem to be located at the end of inton&tgyoaps:

neutral utterances show mainly a falling patterithatend of
declarative sentences, as expected according teiopee
descriptions, while emotional utterances show nvaréety in

the type of patterns used, with a strong preferdrycase-fall

patterns. In internal position, however, similattpans seem
to be used in both conditions.

Considering these results, a perception experimeas w

designed in order to test the perceptual role isftipe of rise-

fall patterns in the identification of emotional eggh by
Spanish listeners.

3.1. Experimental design

The experiment was designed
contribution of three different sentence-final pats to the
identification of basic emotions in Spanish appsaamong
the most frequent patterns in the acoustical aiglys

e Falling pattern 1: low FO along all the stress gr¢uFO
in 1-syllable groups; VI1_VF1 in 2-syllable or more
groups)

* Falling pattern 2: high FO at the beginning of Hieess
groups, and low FO at the end (PIO_VMO_VFO in 1-
syllable groups; PMO_VI1_VF1 in 2-syllable groups).

Rise-fall pattern: low FO at the beginning of theess group,

FO peak in the middle of the stressed syllableland=0 level

again at the end of the group (VIO_PMO_VFO for llabje

groups; VIO_PMO_VF1 for 2 or more syllable groups).

Table 5 shows a schematic representation of thesme t
patterns.

Type Schemd Stress grolp  Pattern
Falling 1 1-syllable VFO
2-syllable VI1_VF1
Falling 2 1-syllable PI10_VMO_VFO
2-gyllable PMO_VI1_VF1
Rise-fall 1-syllable VIO_PMO_VFO
2-syllable VIO_PMO_VF1

Table 5. Schematic representation of the threestgpeatterns
considerer in the perception test

3.1.1. Stimuli

Six utterances from the neutral subcorpus werectegleas
base material, according to their length (not towg) and their
semantic content (not inducing any special expvessi
interpretation). A base FO contour (using the nfostuent
patterns detected in the acoustic analysis) wals thoii each
selected sentence. Specific FO contours for eactdition
were built by adding the three defined sentencatfratterns
to every base contour, which gave 18 different riede
contours (6 base contours x 3 sentence-final peftehese
modelled contours were used to generate synthetgons of
the original utterances, using the Overlap-add t®sis tool
included in Praat [11]. FO range and height werstrotled
using reference lines for P and V points obtaineanfthe
neutral material. 18 different synthetic stimulireeobtained
in this way.

3.1.2. Test

A web site was prepared to allow the audition &f different
stimuli to the 8 subjects who run the test. Theyenasked to
associate each stimulus to one of the followingelsib'joy’,
‘disgust’, ‘anger’, ‘fear’, ‘surprise’, ‘sadnesst teutral’ (the
six basic emotions plus the neutral condition).j8ctis run the
test individually, and they were encouraged tohesdphones
while listening the stimuli, and to run the testiguiet room.

to test the perceptual



3.2. Reaults

Table 6 presents the results of the test, as aifumof the

pattern type and the labels chosen by the subjects.

Pattern
Answers(%) Falling 1 Falling 2 Rise-fall
Neutral 21(43.7) 18(37.5) 13(27.0)
Joy 1(2) 7(14.5) 1(2)
Disgust 2(4.1) 2(4.1) 1(2)
Anger 4(8.3) 5(10.4) 3(6.2)
Fear 3(6.2) 4(8.3) 12(25)
Surprise 3(6.2) 2(4.1) 9(18.7)
Sadness 14(29.1) 10(20.8) 9(18.7)

Table 6. Results of the perception test for eactsidered pattern, as a

function of the chosen labels

The observation of the table shows that the ‘néuatael was
the preferred one by listeners in all three caaltbpugh the
percentage is lower in the case of ‘Falling 2’ eatt(37.5% of
the answers), and even lower in the case of thee‘Ri$
pattern (27.08%). The ‘rise-fall’ pattern, howevehpws also
a significant percentage of answers associatedntotienal
labels: ‘fear’ (18.75% of the answers), ‘surpri¢&8.75% of
the answers) and ‘sadness’ (18.75% of the answEns)label
‘sadness’ was used in a significant number of casethe
‘Falling 1' (29.16%) and ‘Falling 2’ (20.83%) coriidins.

4. General conclusions

The results of the acoustical and perceptual aeslgiow to
draw some general conclusions about the role ofodiel
patterns in the phonetic expression of emotionSpanish, at
least in declarative sentences.

From an acoustical point of view, the results pmésg here
seem to show that there are some differences inmiiledic

patterns used in neutral and emotional speech. €Thes

differences seem to appear only in final (boundaafterns,
and are related to the use of patterns differean thalling -
rising, but specially rise-fall ones- at this pmsit Rise-fall
patterns arise then as a possible intonational fouethe
expression of emotion in Spanish, as already stgges
previous studies. The results of the perceptudl itelicate,
however, that the role of this type of patternghi@ perception
of a utterance as emotional are relative: its wseatribute to
interpret a utterance as emotional, but it is nstifficient cue
in many cases. When used, this rise-fall is astatito ‘fear’
or ‘surprise’ emotions. ‘Sadness’, however, is galhe
related to falling patterns.
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