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Abstract

Acoustic models of emotions may benefit from coasitg the
underlying voice production mechanism. This studyght to
describe emotional expressions according to phygicél
variations measured from the inverse-filtered glottaveform
in addition to standard parameter extraction. Amuatic
analysis was performed on a subset of the /a/ vwwiéhin
the GEMEP database (10 speakers, 5 emotions). éflLzh

measures will improve the acoustic description®mbtions
and hence classification accuracy.

Certain vocalizations may be optimal for the study o
affective variations in voice quality. According tthe
Component Process Model proposed by Schesgrviocal
expressions are influenced by socio-culturally aeteed
norms or “pull” factors in addition to physiologlba
instigated “push” factors. Most emotional expressioare
shaped by social display rules—pull effects—and assult,

acoustic features computed, repeated measures ANOVA have specific prosodic patterns. Although expressiarising

showed significant main effects for 11 paramet8tbsequent
principal components analysis revealed the thrempoments
that explain acoustic variations due to emotiorgluding
“tension” (CQ, H1-H2, MFDR, LTAS) “perturbation” (jgr,
shimmer, HNR), and “voicing” (fundamental frequency)

Index Terms: emotion, vocal expression, acoustic cues, voice

quality, physiology, glottal waveform, affect bug'st

1. Introduction

Much of the past research to identify the acoustitelates to
vocally expressed emotions has examined acousdittirfes
such as fundamental frequend®)( intensity, and duration
that are easily accessible through standard spesalysis
software. While a number of these parameters wewad
useful in differentiating among some emotions, sashthe
mean and variability of0, emotion recognition algorithms
have been mostly unsuccessful at classifying emstinto
categories based on these basic measures alohas Ibeen
suggested that these parameters may be useful
distinguishing among emotions on the arousal dimans
(ranging from highly alert and excited to relaxett acalm)
[1], but not necessarily other emotions, such asetldliffering
in valence (divides positive and negative emotions)

Although the classification results have been nsdht
poor, perceptual accuracy in identifying high amdus
emotions, such as happy and angry, that differ rding to
valence have been generally high. Hence, it id\likkat a
unique acoustic pattern for the valence dimenskst® but
the appropriate acoustic measures to describeditriension
have not been identified. This hypothesis motivatedent
investigations using more complex acoustic measenésn
Many of these parameters have been aimed at qyiagtif
voice quality, such as the level difference betwiberfirst two
harmonics, the Hammarberg Index, the harmonicssteen
ratio (HNR), and various measures of spectral s|gpe

in

A number of studies have suggested that the valence

dimension may represent changes in voice quality\[8ice
quality refers to the perception of physical changeirring
vocal fold vibration and in vocal tract shape adgsof the
percepts of pitch, loudness, and phonetic cateddiy
Considering that research has shown a high correspae of
pitch and loudness with other dimensions such agsat and
potency, we predict that the inclusion of voice lgua

from a purely physiological response do occur,, imush
effects, these are infrequent and often brief. Reffdcts are
often expressed as “affect bursts” or sudden aondtapeous
vocalizations.

While most emotion research has focused
understanding the acoustic characteristics of septe or
phrase-length samples, possibly to increase thdogical
validity of the results, these are highly contekagal and
affected by pull factors. These expressions mag leastrong
pull towards a specific acoustic pattern as dictdig social
expectations that may potentially override the Vdoshavior
pushed by a physiological response to an emotistete.
Therefore, measurements of voice quality resulfiogn the
physiological response may be overridden by otleustic
factors. In addition, the use of sentence lengthudt does not
easily lend itself to a global analysis of voicealify because
many voice quality measurements cannot be accyratel
performed on time-varying segments of speech. lalso
difficult to isolate the paralinguistic acousticrigions from
linguistic variations.

To understand the physiological effects on voicality
expressions resulting largely from push effects nizy
examined. Further study of affect bursts may helgal how
physiological changes in the speech production ar@sm
result in a variety of emotional expressions. Apragimation
of affect bursts may be achieved using isolatedelewas in
interjections. Vowels expressed in isolation amaldas these
are minimally affected by contextual factors suck a
coarticulation due to the location of the vowelhiit a word
and changes in prominence due to the location efvibrd
within a sentence. Produced in the form of affeatsts,
vowels represent ecologically valid vocalizations.

Hence, the purpose of the present study was tligete
the extent to which the expression of emotions ésliated by
voice quality. This was achieved using physiololijychased
measures obtained from the glottal flow waveforrmce
recent research has suggested that glottal infmmatay be
useful in describing differences in emotional exgiens. To
obtain suitable samples that more closely
physiologically inspired affect bursts, sampleshaf vowel /a/
were portrayed by professional actors for five eoral
contexts. Acoustic differences across emotions wgegnined
using a repeated measures design of speaker-npeahali
measures. Then a principal

on

resembled

components analysis was



performed to identify the groups of variables umhdeg the
emotional expressions driven by physiological pefécts.

2. Methods

The stimulus materials were previously collecteghas of the
Geneva Multimodal Emotional Portrayal (GEMEP) datsh
a multimodal database consisting of facial, voaat] gestural-
postural samples for each recording across spe@&er&\n

acoustic analysis of a subset of these samplegerdisrmed
using measures from the time waveform, spectrumh,ghottal

waveform. The following sections provide a briekoxiew of
the samples used in this study, a description efatoustic

features examined, and an explanation of the speake

normalization technique.

2.1. Speech stimuli

As part of the GEMEP database, 10 professionalndfre
speaking actors (5 male, 5 female) expressed thvelv@/ in
12 emotional contexts. The open vowel /a/ was tadlesince
it is minimally affected by the articulators. A s of these
emotions were selected for use in the present stadiding
“relief,” “sadness,” “joy,” “panic fear,” and “hadnger.” These
emotions were chosen to represent strong diffesealomg the
arousal and valence dimensions (see Table 1). tlitiaul,

they also differ on the power or potency dimension,

particularly between hot anger and panic fear.

Table 1.Emotion differences in arousal and valence.

Valence
Positive Negative
. . Panic fear
5 High |Joy (Elation
o Hot anger
(@]
< Low Relief Sadness

The actors were given written scenarios to helplevthe
emotion during an interaction with a professionghge
director. They were asked to express each emotsongthe
/al vowel in addition to sentence length matenghile this
study used acted speech, the use of an interjelitiona/
sound was intended to facilitate the expressiomarfe natural
affect bursts originating from push effects, rattlean the
stereotyped expressions biased by socio-cultusgllaly rules.
In addition, the use of vowel-length stimuli avoicntextual
biases due to coarticulation and variations insstreatterns
that may occur if a vowel is extracted from a seoge

Each actor expressed each emotion twice, resuhii®0
samples (10 speakers X 5 emotions X 2 repetitioAdl).

samples were digitally recorded using a head-malunte

microphone (Sennheiser) at a sampling rate of 44 kH

2.2. Acoustic features

Twelve acoustic parameters were extracted fromsgeech
samples. The Corr autocorrelation software was used
compute the equivalent sound level (Leq), the ni@amf0),
and the long-term average spectrum between O a0d BZ.
From the long-term average spectrum the alpha (atjtha),
the difference between the amplitudes of the frsd second
harmonics (H1-H2), and the level difference betwkdnand
H2 based on the long-term average spectrum (LTASew

measured. The alpha ratio, a measure of the ratglotfl
adduction, is the ratio between the summed enerdlié 50-
1000 kHz to the summed energy in the 1-5 kHz bétigher
values would indicate a shallower spectral slopg arfaster
closing speed. The H1-H2 and LTAS parameters were
measures of the spectral tilt or open quotient.

Then, an inverse filtering algorithm was appliedngs
Decap software (Svante Grangvist) in order to obtdie
glottal waveform. Four parameters were measureth ftoe
glottal waveform including the pulse amplitude (P#)mthe
maximum flow declination rate (MFDR), the normatize
amplitude quotient (NAQ), and the closed quoti€dRf. CQ
is the proportion of the closed phase of the dlotizle
relative to the total cycle time. This value inaes with faster
glottal adduction. MFDR is the absolute value oé timost
negative point of the derivative of the glottogranmerefore,
this parameter measures the rate of vocal fold ettitu NAQ
is computed as the pulse amplitude divided by ttoelyct of
the fundamental period and the MFDR. This measise a
quantifies characteristics of glottal adducti@h [

Finally, Paul Boersma’s Praat software was useabtain
the perturbations measures jitter and shimmer, elsag the
HNR. Jitter and shimmer are measures of the cycleytle
variations in frequency and amplitude and are coniynosed
to measure voice quality in disordered voices. Biryi, the
HNR is a measure of the presence of turbulent rerigegy as
occurs with increased breathiness.

2.3. Normalization

A normalization was performed to compare the adoust
variations across emotions for each speaker. Risviesearch
typically examines the difference in acoustic measu
between each emotion and a “neutral” emotion. Siace
“neutral” emotional expression was not recorded ftased
neutrality tends to produce unnatural vocalizafjp@asset of
“baselines” were calculated for each speaker idst@hese
baselines were defined for each parameter as tla@ vedue
across all expressions for each speaker. Hencéasélines
were formed for each speaker, one for each parantetmost

cases the average was computed across 10 samples (5

emotions X 2 repetitions); however, it was not flassto
compute some of the parameters for all samples tdue
technical limitations of the recordings (essenyialle to flat
acoustic waveforms, especially for the low ampléighdness
portrayals, which did not allow the computationaof inverse
filtered solution).

The normalized measures for each acoustic featere w
computed as the difference between each speakasslibe
and the mean of the two raw samples. This resuit&@ cases
(1 mean sample X 10 speakers X 5 emotions) for eathe
12 parameters. These values represented the extent
deviation from the speaker’s baseline for each emaind for
each acoustic parameter and enabled comparisontheof
direction and degree of acoustic variation acrpsskers.

3. Results

Once the acoustic measures were computed and ripechaly
speaker, statistical analyses were performed uding
normalized values. A repeated measures ANOVA was
completed followed by a principal components arialys
Additional hypothesis testing was performed to deiee
whether the expressions acoustically differed atiogr to
valence. The results are described in the follovgiections.



3.1. Repeated measures ANOVA

To evaluate whether the mean deviation from basdaliffered
across emotions for each parameter, a separateateepe
measures ANOVA was performed in SPSS (v.17; SP8S In
Chicago, IL) for each of the 12 acoustic parameteith
“emotion” as the within subject factor. The results
Mauchly’s test of sphericity was violated for thaim effects
of Leq (x*(9) = 28.776 p < .05), mf(*(9) = 20.683, p < .05),
PAMp (x%(5) = 14.763, p < .05), and jittef’(9) = 27.560, p <
.05). Therefore, the Greenhouse-Geisser estimatés o
sphericity ¢ = .576, .480, .548, and .502, respectively) were
used to correct the degrees of freedom. Resultsalexyea
significant main effect of emotion on all acougtErameters at
p < .05 (minimundf, F = 3, 1.80) exceftAQ.

Bonferroni corrected pairwise comparisons showetl aha
number of acoustic parameters were useful in diffeating
between two or more emotions. The acoustic cuesvfiach
each pair of emotions differed significantly are@wsh in Table
2. Some parameters were useful in differentiatimgrag most
emotions such as mf0, whereas others such as Hiéi@
useful in separating one pair of emotions. To et these
results a principal components analysis was peddrnThis
technique clusters similar parameters together destribes
them as a single “factor.”

Table 2.Bonferroni adjusted pairwise comparisons
between emotions. Acoustic cues listed for each pair
of emotions were significantly different at p < 0.5.

Sadness Joy Panic fear ~ Hot anger
Relief Alpha Leq, Leq, CQ, Leq, Alpha,
Alpha, Alpha, LTAS, mfO,
LTAS, LTAS, mf0, Pulse Amp,
mfO, HNR, MFDR
MFDR, MFDR,
Jitter, H1-H2,
Shimmer Shimmer
Sadness Leq, Leq, Alpha, Leq, Alpha,
- Alpha, LTAS, mf0, LTAS, mf0
mfO Shimmer
Joy None Pulse Amp,
" Shimmer
Panic fear mf0, HNR,
) Shimmer

3.2. Principal componentsanalysis

A principal components analysis (PCA) was perfornied
SPSS using the speaker-normalized measures forlihe
variables. The measures for NAQ were not includat;e no
significant results were found for this parametds this
analysis does not tolerate missing values, 12 casae
dropped from the analysis (due to the limitatiam&xtracting
the glottal source parameters mentioned above).

The results suggested that the 11 variables cabebe
described by three underlying components (accognfor
83.5% of the variance). The number of components wa
selected based on the location of the “elbow” efshree plot,
i.e., the point after which the decrease in theeEiglue levels
is small. An orthogonal rotation was applied prity
computing the component loadings. An analysis efrdtated

-1.0- .
HNR
e -0.5 °
-
g mF0 CQ
3
g 0.0 Alpha 112 ®e
2 Leq
£ LTAS D
O 0.5 __ister MFDR
e
///’/ o Pulse Amp _

Figure 1:Variable loadings in the component space.

component loadings matrix showed that the first ponent is
marked by the variables CQ, H1-H2, MFDR, and LTAS, al
features that see related to voc@nsion The second
component shows high loadings of shimmer, HNR, éttet,j
and can thus be linked to phonatiperturbation Only mf0
loads highly on the third component, which can thasseen
as a frequency ofoicing component. These loadings are
shown in a three-dimensional component space iar€idy.

In order to evaluate the three-component representaf
the emotions, equations to describe each component
dimension were derived from the component coefficie
matrix. The parameters that loaded highly on eachponent
and their corresponding coefficients were averagegrovide
a more stable acoustic representation of each coempand
allow replication across studies independent of mam
specific optimization. These are as follows:

C1=.321* mean(CQ,MFDR )

-.245* mean(H 1H 2, LTAS) 1)
C2 = .293* mear{ShimmeyJitter) —.297* HNR  (2)
C3=.628*mf0 (3)

Using these equations, a composite score couldbgputed
for each sample and graphically represented inatteistic-
component space (Figure 2).

The plot suggests that Component 1 representsepeee
of underlying sympathetic arousal, separating fdiiem joy,
hot anger, and panic fear. Component 2 mainly wifféates
hot anger from the remaining emotions, and may thus
represent the dimension of power or potency. Rmall
Component 3 mainly separates relief and panic fedich
may reflect an “ability to control” dimension.

3.3. Controlling for arousal

One of the predictions of the present researchaisthe effects
of valence are often not apparent because thegnasied by
the dominance of arousal. To overcome this linotatit was
necessary to keep the arousal level constant ier doddentify
any acoustic differences according to valence.edasamples
t-tests were conducted to separately compare tifieretices
between the two low arousal emotions and the thmigh

arousal emotions for the variables correspondinthéothree
components. Results showed a significant differdmeteveen
joy and hot anger in shimmer and HNR (t(9)=-6.0%40.000;
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Figure 2: Three-dimensional representation of the
emotional samples in acoustic-component space.

t(9)=3.129, p=0.012). This suggests that the pleation

measures of Component 2 may be important in indexing

differences between high arousal emotions. Howewvés,not
clear whether Component 2 separated the two highsato
emotions with respect to valence, since they ali$rdin
potency, and Component 2, on the whole, seems tmke
to the potency dimension.

4. Discussion

To understand emotion expression in speech, it may
necessary to identify the acoustic effects of pask pull
factors. Typically, past research has examinedesgions that
are dominated by pull factors. Many of these stwid@und
acoustic features to describe emotions that diffearousal.
While some researchers have reported acoustictbaesnay

distinguish between emotions on the valence andepow

dimensions, these cues are inconsistent acrosestut has
recently been suggested that the valence dimemsight be
described by voice quality cues. However, it hasnbe
generally difficult to determine the relevant vompeality cues
because of the overpowering effects of arousal.

In this study we attempted to explore the effecttlof
vocal portrayals of different emotions on voice ligyausing
vowel samples mostly driven by push effects. Thipraach
was intended to minimize the influence of pull effe thereby
facilitating measurement of emotion-specific
characteristics. An analysis of the glottal wavefowas
performed to enable the characterization of phyggichl
aspects of vocal fold vibration without the infleenof the
vocal tract. Principal components analysis of teenralized
acoustic measurements revealed that a subsetsef thatures,
those related to rate and duration of glottal atdaocjointly
characterized high arousal emotions,
sympathetic arousal results in high vocal tension.

Another interesting result is the discriminationtvizeen

the high arousal emotions of joy and hot anger gisin

perturbation measures (Component 2). These emotoas
psychologically differentiated on both the valeac& potency
dimensions. While the results of
disambiguate whether this difference correspondstigndo
valence or potency, there is reason to assumentkasures
related to the irregularity of voicing may be irative of
potency p]. Further, we must consider the possibility the t
psychological distinction of valence may not tratsito a
unique acoustic dimension that is regulated by @iqudar

voice

suggestingt tha

this study cannot

physiologic mechanism. Finally, the importance
fundamental frequency is noteworthy. This featuesl hhe
single highest loading on Component 3 and may retata
psychological dimension of “ability to control.” Wa the
terms “control” and “power” have been used synonysiypto
refer to a single emotion dimension, these two ofactare
differentiated in the Component Process Model [%].isl
possible that the variability in findings for theower
dimension may be partially due to the combinatidntveo
factors that can uniquely co-vary.

5. Conclusions

The research literature on vocally expressed emstias not
been able to conclusively identify the acoustic kaes for all
emotions. This has prompted the exploration of ofaetors,
particularly voice quality features. However, atpém to
describe vocal expressions according to physiocédgi
mechanisms have been met with mixed success. A euafb
factors may have influenced the findings, partidulahe
extent to which the expressions were influenced
conventional pull rather than physiologically driveoush
factors. In this work, using an inverse filteringpaoach for
actor-produced /a/ vowels, the results of thedtatil analyses
of five emotions suggest that voice quality is iedean
important aspect of emotional speech. We have dintte
extracted parameters to three components of thsighbygical
mechanisms involved in vocal expression:
perturbation, and voicing. While these results@eiminary,
they suggest that vocal source characteristics nglyo
influence the acoustic output, particularly in afféursts or
expressions inspired by push effects, and maydhbosunt for
the ease with which human judges recognize voealtyessed
emotions. We suggest that such source parametautddhave
a major role in further research.
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