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Some of the Vocal Emotional States
An Acoustlc Study

1- Introduction

1.1- Emotion Concepts
Emotion, in a simple definition, is the behaviomal

expression of feelings. Some psychiatric researchers consider
emotion, affect and feelings as synonyms, but they use
emotion in the genenic sense. Some others refer to the subjective
component as affects or feelings, and to partemed behavioral
expression as emoton'"}.

Charles Darwins (1872) considered emotion expressions
as "Vestiges 0f paTems of action no longer useful due to
evolutionary development,", but later scientists"" considered that
Darwin's view was only a partiلa statement, and that emotion
reTains imporفnt functions.

lzard (1977) stated that a complete definition ofemotion
must take into account three basic processes: "The expenience gr
conscious feeling of emotion, the processes that occur in the
brain and nervous system, and the observable expressive
paTems of emotion."

Emotions are different from moods," emotions arise
suddenly in response to particular stimuli, and last for seconds oR
minutes. while moods are more vague in natre, lasting for
hours or days: emotions can broadly be considered as being
concemed with changing something." and moods with
maintaining something.

(1) Hofing (1975).
(2) Alper, M. & Rosen. A. (1990), - Kolb, L. & Brodie, H. (1982).

- Redhich, A. and Freeman, D. (1966).
(3) Izard, C. (1971)(1977), Scherer (1981.
(4) Oatlay. K. (1989).
(5) Scherer. K. (1984). (1986).
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1.2- Classification of Emotions
Many emotion theories use the concept of 'basic

emotions" and "nonbasic emotions". Ortony and Turer (1990),
noted that basic emotions vary between 2 and 18 emotions, they
also suggest that four of them are the most commonly accepted
basic emotions which are: happiness, sadness, anger, and fear.

Percepلat studiesل %) diferentiated between facial emotion
and vocal emotion, each of them has its own dimensions.

Kmamer (1963) reviewed a number .of stdies which have
demonstated tha various aspects of a speaker's physicلa and
emotionلa state including age, sex, appearance, intellegence and
personality can be identifed by voice alone. The emotionلa state of
a speaker thus produces an emotion "camier wave' for the wors
spoken, but "It is not what he said but the way that he said it@7

2- Studies of the Vocal Emotions

2.1- Experimental Methods
Ln order to analyse features of the emotional voice,

numerous differing methods have been reported in the literature,
most ofwhich have involved direct human analysis and most of
the authors have used untrained speakers. Speech samples,
however, become more natural if obtained from actors.{%)

The material read for analysis is also varied. three major
expenimentقl techniques have been used in the literature to assess
the emotion content of speech:
1) Meaningless content, having speakers express emotions

while reading leTters of the alphabet!".
2) Constant content, companison of the same sentence given by

speakers expressing difFerent emotions'9}
3) Content - Free, electronic filtering of speecHf!')

(6) Van Bezooijen, R., Oro, S. and Heenanen, T, (1983).
(7) Orony, A. and Tumer. T.(1990).
(8) Wilhiams. C. and Stevens, K. (1972).
(9) Davitz J. and Daivtz, L. (1959), Laukkannen, A. et al. (1996).
(10) Leinonen, L. ,HilNnen &ي T (1997), Fairbanks, G. & Hoagiin, L. (1941).
({١) Van Bezooijen, R. & Boves, L (1986), Muray, 1. and Amon, (1993)
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2.2- Analysis of the Parameters of Vocal Emotions

The most commony referenced vocal parameters in the
emotion literatre are pitch (mean Fo, Fo change, Fo level and Fo
contour), intensity, duration, tempo and voice quAlity. Acousti
dنfferences of mosT of these parameters were examined in recent
stdy by Leinonen (1997) using a data of one word, the name
""Saana", which is expressed in 10 emotional connotations!".

Pitch was also found to be an important emotional factor
by Levin and Lord (1975) who noted that "an analysis of upper
octave range measurements of Fo is sufficient to provide an
indication of emotional changes". WHile Uldall (1960)
concluded that the best indicator of the emotionلa content of an
utterance was the pitch contour.

Also Scherer and Scherer (1981, P. 125) noted various
vocal indicators of emotional expression, principally pitch,
intensity and voice quality. They nored in recent work (1986, P.
145) that while pitch is important in emotion, voice quality is
more important in differentiating discrete emotion. However,
Ladd et al. (1985) suggested that the level of fndamental
frequency, intonation contour and voice quality vary
independently of each other.

Another research does indicate a possible corelation
between speech rate and emotion'3). F65nagy (1981) noted
increased intensity leading to the shortening of consonants.
liquids and nasals, and to the lengthening of vowels. Black
(1961, P. 199) also related speech rate with emotion
concentrating on the importance of intensiy, he noted from
experiments that speech intensity increases along with pitch, and
that sofi speech was characterized by slow mate.

Davitz (1964) has divided emotions into "active" and
"passive'' groups, characterizing passive emotions as those with
slow speech rate, low volume, low pitch, and more resonant

(12) "naming, commanding. angry, frightened. pleading. astonished. satisfied.
admiring. scomful. and sad"

(13) Hutar. G. (1968)
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timbre (voice quality), and characterizing active emotions by their
fast speech rate, high loudness, high pitch, and "blazing" timbre.

In the communication of emotions, recent sadieو ''Have
show the importance of glotل excitation of wavefor in
conveying emotion. Ann-Laukkanen et al. (1996) aimed at
elucidating the vaniation in the gloTal wavefomm related to the
the variaton of other physical variables of vocal expression of
emotion, using data of meaningless lerters "'pai pa" (the first
sylable is stressed), which is repeated in five emotional states
"neutral, surprise, enthusiastic, sadness and anger"', resulting that
tress production and vocal expression of emotions bring about
simultaneous changes in many varables including Fo, SPL,
subglottal pressure and glottal airflow wavefom.

The studies interested in the voice qualiry consider the
vocal fold vibration and the glottal flow wavefom as minimal
parameters to convery the emotions'' ( لأ and also to differentiate
beTween the male and female glotal wave variation''6).

Cummings and Clements (1995) considered that the gloلat 
excitation wavefom is well know to be an imporant method of
conveying prosodic infomation in speech. They used the
parameters of the gloTal exciaation which are: the ratios ofclosing
and opening slopes and durations of the glottal wavefotms, rather
than the other paraneters of Fo, intensity, duration and inItonation
as prosodic factors. Their data was: l1 styles »2 male speakers »2
vowels, they found that from styled speech to nomal speech
glottal wavefors themselves change; in addition to changing inب 
pitch, pitch contour, duraTion and intensity.

CHilders & Lee ([991) sndies of the manifestation of voice
quality in gloلAاt flow wavefomms have show that pressed
phonation seems to bnng about a sharper pulse with long phase and
low flow amnplitde, whereas breathy phonation is characterized
with symetrical pulse with a shor or no closed phase.

(.Cummings and Clements  ا(4)1990)
(15) Cummings and Clements (1995) .

.(١977)Monsen & EngebreUson(6)ا 
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The sex of the speaker can cause significant differences in
some speech emotional parameters. Abe (1980) noted that the
difference between the pitches and pitch ranges of male and
female voices is even more extreme if the speakers compared are
excited. Many of these effecTs can be attributed directly to
anatomical difrerences between the sexes. He also noted that
tiredness (classed as an emotion by some authors) cause a loss 0f
elasticity of articulatory muscles leading to a lowening of the voice
and narrowing of the pitch range.

Eva HoLmnberg (1988)'s study provides new insight into
functiona] differences between male and female voices and
across intensity conditions (nomal, sof and loud voices). Its
results show a significant increase of pressure from sofi to
nommal, and nomal to loud voice for both males and females,
also there is no significant male - female difference in pressure
iم any of the loudness conditions. Shaning studies in this concern
have been made ofhow such a wavefom varies with intensity,
and of a wavefom differences between male and female
speakers (Monsen 1977, Glave, R. and Rietveld, A. 1975), THeir
resulTs elucidated that male wavefoms have been found more
asymmetrical, with the closing portion shorter than the opening
porion, while female wavefoms have show more euلa 
duration of opening and closing portions.

Monsen and Engebretson (1977)'s experiment examined
the glotلa volume - velocity wavefom of nommal, loud and sof
voice: falseTto and creaky voice (which is also called vocلa fry).
5 males and 5 females were asked to produce and elongated
neutral schwa in the sequence A-0-3 with changing stress
position. Analysis of the collected data shows that the glotal
sound source of the nommal adult varies within a wide range, not
only asto Fo and mms intensity but also as to the appearance and
shape of the wavefom, the phase spectrum and the intensity
spectrum. This vaniation is systematic and may be accounted for
in most parT by taking into consideration 3 interacting factors: a)
the sex of the speaker, b) the vocal mode or register in which the
speaker phonates. and c) the linguistic function which the
phonation is Intended to fulfIl
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3- The Experiment

3.1- Subjects
4 adult speakers (2 males and 2 females) with no historydf

speech voice or hearing problems served as subjects. Their age
ranged fom 30 - 42 years.

3.2- Speech Material
The speh materal consisted of one setence [?Ana - ?anlE?

oltkea] with a repitition of the frst wor wich is emphasized. THe
us jectsط were aske t prduce the sentence in four vلac emotOre
Nomal, Sad, Astonishad and Angry. They wee asked aلso torep
them abou 20 Dmnes. For the prductions to be as simiar as possibleb
the subjecGs' nanal sech,they were fee to use a comfortable level fr
ech condition, so that they arenot given any instucDions in this conce

3.3- Auditory Test

10 graduate sndents judged the recorded data. They listened
in smلa l groups of 3 or4 subjecUs at a suitable distance oftHe
taperecorder, that the weakest utterances were audible to everybody.
The judges were asked to choose the best 10 repititions ofeach
emotionلa condition, which convey the intended connotations.

The connouations: "Atonished" and "Angry" were conveya
best, but 'Sad" and 'Nomal" intents were somewHat confuscd by
listeners. The analysis dealt with the best 10 repititions of

، udgements i.e which are agreed on by about 80% ofthe judgesز 

3.4- Acoustic Analysis

3.4.1- Graphie Representations
The instrunents which are used in the acustic analysis were; Kay

Elementic Cor. Made! 5500 DSP, connected wit Compueniza
Speech LAah. (CSL) Mddel 4300. The representation of the gaphs were
taced using DSP 5500 which are show as a combinaron of:
- Wavefom
- IntensiTy Contour

 ي

with amnpiitude range: 72dBم 
• analysis attenuation: 5dB
Frequency range: 4 Khzم 

e: 2 secل lly Time axis scaق Honizontم 
each square = 100 msec

- Fo Contour
- Time axis

- Zero Crssing
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These anلa yses combination are included in the upper screen
(channel 2), while the lower screen (channel 1) includes
Sonagram of the same signلa . (See for example the following
graphic analysis for female A, Astonish)

KA٧ LErIETRICS C0RP. H70DEL 556٥
S1GHAL ANRLYSIS WORkSTATIDN

Rec ع 0٤٢ TIme:12

Channel 2
L٤٢T CONNECTORS
0C - 4KHz.
FL٩T
4 SECDNDS

Date: 3F 19FF
Pna ls :b وا

INPUT SETTINGS
Source
F ٣eque٨c Range
laput Shap 1ng
Buffer S1ze

{gger .Scree  م
Cl 'ANNEL 2
C0R3 INATIOR

(I5 Hz)1٩24 م0 .و
100٨9 (29Ec)
FULL SCALE
HArT1ING
N0 AUERRG ING

L pperل Screen
6,606 Hz.

72 ه8
5 dB

ANALYSIS SETTINS
Signa1 Pnaluzed
An s ويl1 ة Format
Transfor٨ S1ze
T me لا BxI5
Frequency 8xi  و
Pna s يا51  اindo لا
Aeraging Set p ا

٥1SPLAY S٤TTINGS
Freg. Divi51ons
Dunamic Range
P٨al٠ 1519 At٤en٠

setد nه tiمة [tءة 

Sub]. A (Ast.)

١ •٠٢٨-٤ يزخ

 أ مم_ينير
 يهيرا لميز:

 مد،ًي تدتتتنتتتسم=،
zero Crossing؟ 

#{

Intensiry

 و

-

ChanneI 1
L٤٢T CORNEcTORs
Dc - 8 KH.
H1-5HAPE
4.6 SECONDS

INP٧T SETTIHGS
Source
٤re4uenc Range
[nput Shaping
Buffe٣ S1ze

Loعu r Screen
CHANNEL 1
SPECTRDGRAPHIc
i06 .ts م (380 Hz)
100m29)و ec)
FULL ScALE
HANIN6
ND RUERR6 ING

Loرe٣ Screen
1686. Hz.

42 d8
28 d8
t٥: w05

ANAL'SIS SETT INGS
S1gaal 4nglyzed
Pal1 Format و
Tra8sform S1ze
Tme PxIs
Fre، [uenc 8xi5A i ة  دي ببةة»يلادا
Rue rag4ng Set Up

٥ISPLRY SETTINGS
F٣eq. Di isions ب
DynamIc Range
Aم al sis Atien
s± { ا أ Dم t i ns ه Set

 ، ، ب، ،ب

Spectrogrm
 ، لأ٠٨٥٨١

 د د
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3.4.2- Analysis Measurements

The following measurements were excuted from the
recorded and digitized signals using the Computenized Spaenh
Lab. (CSL) Model 4300 programs of numnericلa analysis  aم
statistical analysis:

1- mean intensity in (dB), which is got from "Energy Statisties­
of the stressed vowel [A] and unstressed [A] of the wond

].na[?ذ 

2- mean Fo in (Hz), which is got from "Pitch Statistics" of [ ]ة
and [a2].

3- mean duration in (msec) from "Time Domain" of each vowel
after segmentation.

4- Fo pirch analysis from "Impulse Markers" of each period of
the wavefom of the sentence [?analli? oltkeda] and the
from the "numerical pitch analysis" which gives the analysed
daua range. Fo change, and Fo level is derived from all of
them.

All the above analyses were measured for 4 speakers »(=
multiplied by) emotional conditions » 10 selected productions.

Analysis concentrated on two syllables taken to represent
stress production of the first emphasized word [?a,na2] in the
uterance [?ana-?analli?oitkeda].
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4- Results

4.1- Statistical Calculations 0f Measurements

Summary suatistics were calculated for each of the measured
paramneters in the three loudness conditions (Sad. Noلam .
Astonished/ AngTy), for males and females separately see (table l
and table 2). Suatistical anلa ysis was perfored to test the physical
variables of vocal expression of emotions: male female
differences, stressed/ uمstressed syllables, and the corelation
berween the acoustic factors of intensity, duration and Fo.

4.1.1- Intensity Mean Values
a- The ranges of intensity in respect to the different cases

in both males and females were as follows:

 ح

Sad range from
Nor. ٠
ASt، -
Ag. ٠

[51 dB:59 dB]
[53 dB :63 dB]
[65 dB : 70 [ صه
[70 dB: 72 dB]

From the intensity values, it is observed that regular
tendency in loudness of stressed vowels increased from SAd,
Nomal, Astonished to the highest intensiry in Angry case.

b- Male/ Female Companison of the intensiTy of the
different cases showed slight value differences between males
and females in the cases of Sad and Nomal, but intensity values
seem to be similar in the loud voice (astonished/ angry).

c- Stressed/ Unstressed Vowels indicated that Sad and
..omnal were similar in the values ofdB, to some extent, while
they showed signifcant differences in Astonishent and Anger
(see tables 1.2) (Figures 1: 8).

[n AngEr cases intensity values of the stressed sylables
were overall the loudest. while in Astonishment sTressed and
unstressed values were sometimes equal. (Male S. Ast. and Fem.
G. Ast).
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4.1.2- Fundamental Frequeney Mean Values

a- Fundamental Frequency during stressed/ unstressed
vowels showed overall rise in Fo during the stressed vowel
versus unstressed. There is one exception, however. in only Two
cases Male S and Male M, Ast.) which showed that Fo of
unstressed vowel was slightly higher than stressed vowel.

b- Male/ Female Mean Fo companison showed an overall
rise in Female's Mean Fo than Male's:

Sad iFo inFemales was 186 Hz while in Males was 127 Hz

Nomal iF i Femalesم was 221 Hz while in Males was 158 H

Asonish xFo i Femalesع was 250 Hz while in Males was 236Hz
Ang7Y x Fo in Females was 256 Hz while in Males was 234 Hz

·)

4

٦

These results proved that Male/ Female differences inFo
were exTremely signifcant, especially in the Sad and Nomal
cases, whie in loud vocal emotions "Astonish and Angry", Fo
values seem to be similar.
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Statistical Calculations

Phomation Modes ofEmottons
Subjects Normal SAd Astonish Anp

M[ iHz 170.5 Hz 142 255 74
x dB 63.8 dB 59 68.5 70.5

Males 88. 75 96 10٦x ms m5

S < Hz 146 ١12 222 245
< aB 53 56 96.8 ٦0

7 ذ ود 69 7s 99x ms
G : Hz 222 ١87 259 257

7 aB 64.6 56.6 7٥ 72.6
Females 74 ا<M ف أ 64 67 74

A/ x Hz 220 185 242 ·255
x dB 56 51 65.5 70.8

64 79.8 ١00x ms 43

table ( ( ا Mean values of Fo. dB and duration oF the stressed vowel [a] in the word
[24na] ofthe four modes of emotions (omnal, Sad, Astonish and Angry).
2 male and 2 Female subjects.

Subjects [ormal Sad Astonish AngrY
M / < Hz 150 150 200 203

x dB 57 57 65 66.8
Mtales 70 70 70 80x m5

S [ :w9٦ ر ء 1 55 215 x- د205 dB 55 55 69.7 61
88  و-

 ن
x ms 62 63  لاد

G : H٤ 198 ١72 263 220
٩

Fe»a  ء أ
x dB 60 50 70 61

77 88٢ m5 45 84
٤

x HzA ١87 102 200 173
٢ dB 56 50 59 56

57 40 ٦0 86٢ ms

٠٠٠٠,٦table {2) Mtan values of Fo dB and duraton of'the unsuressed vowel of the word [?ana].
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4.1.3- Duration mean Values
a- The ranges of duration in respect to the different cases

of both Males and Females were as follows:
- Sad [43 msec - 75 ms] with the average 61 ms
-Nommal [64 ms - 88 ms] " 66 +٤ 74 ms
- Astonish [67 ms - 96 ms] " ،، ٤ ة 80 ms
- Angry [74 ms - 107 ms] " &6 ،6 95 ms

The results showed regular increase in the stressed vowel
length according to the sof, nomal and loud (Ast. and Angry)
voices.

b- Stressed Unstressed vowel duration
Stressed vowels indicated longer duration than unstressed

in most cases. while in a few they showed that unstressd vowels
were longer than stressed (Male S, Ast.) and (Fem. G, Ast., Sad
and Angry) (table 1,2).

c- Male/ Female differences.
Males showed longer duration in all cases than Females, in

stressed and unstressed syllables.

4.1.4- Correlation BeTveen the Parameters

The results showed systematic corelation between the
values of x Fo, dB and xms according to the sof, nomal
and loud voices in males and females i.e. increasing the energy
of the phonation mode increased Fo, intensity and the duration
of the vowels.
Sad x Fo= 156Hz x dB=56 dB x ms=61ms
Nommal x Fo=187Hz B=60 dB؟ ه x mS=74 ms
Astonish/ Angry x ms=89 msx Fo=244 Hz x dB=70 dB

4.1.5- Fo Change and Fo Level Among the Emotions
Through the production of the sentence [?analli? oltkeda]

Fo is measured. Among stressed and unstressed vowels in the
senTence there are low values and high values of Fo. From all the
emotional cases. an extraction of the lowest and highest Fo is
made. and by statistical calculations of these values, Fo change

44
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and Fo level is accounted. This was done is order to recognize
the melodic range in which the females and males moves.

For females: Fo change = 263-93= 170 Hz
Fo level = 18semitones

Fo change = 245-115=130 Hz
Fo level = 13 semitones

For males:

Table (3) indicated the difference between the voice range
of females and males. From the calculations, females move from
soft to loud emotion in a wider range than males about l octave.
Also Fo change through the emotions of females were higher
than males about 40 Hz.

Table (3)

F٥ Level of Females and Males
Malesد Females

، وا

٦,

 ا5 و5> يهج
136.9 > .. توتم٠٠٠0٠٠٠ جدمي لي
١45

٩٩٣٩٥ ج»٣٥٠ كي٠٠ د«

153.7 -
 {خ]

= وق7i. آ7=
4. يو].."
2 "ووق د
٠٩٠٩٠٠٩ و٣«ي دء»

216
٠٠٥٥٠ بي٠ و سنون لهد

22g,و >
 وا»دب٠ »وجهود٠٠ جده

242

93
٠٠٣=٩٩44٣٠٥٩٥٥٠٠٠٣=

98.5
 ز6 "ز(1

-٩-٥٤٠٠٠-٥٩٣٠٠٠٩٥٥٢٠٦٠

110.6
 ء«سيه<<-٠٠ <ه٠ -د٠٠ جد-.[

١١٦iق z 4- ح
 .اذ4 تتي]ً ،2

 "-ت]
]4 "ت>  حث{ و. "ج:ج]=-
 وبجز ح

[gج"""و 
٠٥٣١»٠٠ و٣يج==»4 ج

٠٠--196
٧ ي»د ،٥٥ يد

4=207
57 "و

·٣٠٠٣٥٥٠٣٥٠١١١١٠٥-٠
 ص٠737

 لإ-

 و
 م٠-

2 و.ذ
26٥ "غ
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4.2- Graphie Combination of Acoustic Parameters
4.2.1- Piteb Contour
a) Norgal

Nomal pitch almost appears on the srressed syllable, pitch
level in nomal has, as expected, a median level see: (Fig 8 Fem.
A, Fig 6 Fem. G) -ina few cases -has slightly lower than the
median e.g. (Fig 2 Male M) and even has very low and it is
similar to "Sad" see (Fig 4 Male S).

b) Sad

Piteh level in "Sad" is generally low (see Fig 1 Male M.
Fig 3 Male S and Fig 7 Fem. A). ln some cases, however, Fo in
sad is weak to the extent that pitch contour totلa ly disappears see
(Fig 5 Fem. G).

e) Angr٧

Pitch contour of Anger has a rgid and staight rising -in
vaious levels -in all cases. ln Female G and A it is at very high
level and in Males M and S is at high level respectively, see
Angry Figures- It is an abRupt rising on the stressed syllable i.e
the curve fom of:

d)Astonis}
»

Pitch contour has different shapes which are quite different
from Angry. They are summarized as follows:

straight in mid level.T a rising at high level1- رخ
(Fig 4, Male S)

2-٣ a rising in mid level, T a rising at high level
(Fig 4, Male M)

 ح

3-٦ rising at high levelر rising at high level. T aرة 
(Fig 6, Fem. G)

4- ٦ A rising ر at high level, - astraight in mid level
(Fig 8, Fem. A)
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4.2.2 Intensity Cure

a) Norma}

Lntensity curve has a median level in a lل cases, and in both
males and females see (Fig 2 Male M, and Fig 4 Fem. G).

b) Sad

Lntensity curve always has a lower level than Nomal. but
sometimes it is slight rise to be similar to Nomal e.g in (MaleS
and Fem; A).

c) Astonish/ Angry

In loud voice i.e. "Astonish" and "Angry", intensity
contour was very loud on the first stressed syllable, while it was
slightly lower on the second unstressed one. Sometimnes the
sTressed and unstressed syllables seem to be roughly similar
except for a small difference in loudness see (Male S, Ast. and
Male M, Ast.). Ln a few exceptional cases, the unstressed
syllable was louder than the stressed see (Fem. G, Ast.).

4.2.3 Correlation of Piteh and Intensity

Ln loud voice the increase in loudness of intensity contour
is accompanied by rising of pitch contour, but this is not
necessarily the case in low and nomal voice. However, pitch
conTour level is sometimes lower than intensity contour level see
(Male S, Sad and Nor., Male M. sad).
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Fig. (2) Male. M(Nor., Ast)
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F7g. (3) MIale. S (Sad، Ang.)
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Fig. (4) Mal٤. S (Nor. Ast.)
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Fig. (6) Fem. G (Nor..Ast.)
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5. Discussion

5.1- Dimensions of Auditory and Acoustie Differentiation

Each category included samples on which more than 80% of
the listeners agreed, among the emotional categores, can be
embedded in a single word.

Most "Astonish" and "Angry" intentions were perceived
as intended, and many ofthem were agreed on by over 90% of
the judgements.

The distributions of auditory judgements showed that
"Sad" was somewhat confused with "Noral". The results
uggested that the confused categories share some acoustic
features. Although "Astonish" and "Angry" acoustic features
were somewhat similar, but by the auditory judgements they
were always corectly identified. This is possible by specific
partems of intonation and specific qualities not related, only, to
variation of mean Fo and sound pressure.

Most variations of mean Fo, Fo range, Fo contour, intensity
and duration took place duning the stessed and unstressed segmenTs
of the emphasized word [?ana]. The single word camier was
probably more suitable than connecred speech for the expression of
feelings, these observations are in line with the suggestions made
of: Leinonen et a1997)ل. ) 'THe name: saiعa"، Cummings and
ClemenTs (1995) 'Two Vowels", Monsen and Engeb. (1977)
·stressed/ nu tressedك syllables of schwa the sequence 0f [N-56],
HoLmberg et ( .له(1988 -'nonsense syllable sequences of [pa]. and
Laukkanen et a1996)ل. ) "monsense st./ unst. [paapa]".

Ladd (1985) suggested that single word also facilitates the
speakers' task which would be used naturally for emotive
signalling, and it is possible that connotations could be
distinguished using a segment alone.

A speaker's efort to increase the sound pressure from nomal
to loud as "Astonish" and "Angry" is accompanied by rise of Fo,
whcih is in agree with the resulrs of (Monsen 1977, Holmberg
1988) and disagree with Leinonen et al-(1997) who suggested that:
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"The increased effor in emotive speech was however, not
accompanied by a reTlexive increase in Fo as duing the regulation
of te intensity of neutal speech: for instance, when changing fom
"namning" to "commanding" voice, some speAkers increased sound
pressure wthout increasing Fo.

From the literatre on the vocal exprEssion of emoton in
genemal, different authors have stdied different gmoups ofemotions

ig different tecHnigues. It is clear that numerous factors in teكن 
voice contibute to the vocal epression of emotion, but there is
considerable agreement about which ones are the most iportant. It
seems, however, that the pitch envelope (i.e level, range, shape. and
Timing of the pitch contour) is the most important pamameter in
differentiating between emoUions.

Moreover, the speech spectrum carries much more
infomation about the glottal wavefom than sound pressure, Fo
and cues induced by vaniaLions in the vocal tract shape with the
detemination of spectral criteria which would allow a good
separation among different speech modes.

5.2- Normal

It is the "neutral" voice mode. i.e. it exhibits the voice in
the natural condition which is far from any unusual efTort.
Acoustic paramneters of the nomal voice were in median levelif
compared with sof and loud voices. The differences beTween
male/ female sex appears clearer in the nomal voice than in
loud or sofi voices. see statistical calculauion (4.1) which showed
the big differences beteen Nommal x Fo of females=221 Hz
and of males = 158 hz, in companison to loud voice e.g.
"Angry" x Fo of females=256 Hz and 0f males = 234 Hz. •

This finding is in disagreement with Abe (1980) who
5uggested that "pitch range, change, level ofmale/ female voices
is even more extreme if speakers compared in excited speech".

5.3- Angry

The general dictionary definition of anger is "extreme
displeasure" but its us in this study and also in the literature
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seems to commonly tend toward agression rather than simply
displeasure. Agression has been among the best - conveyeD
onnotations in tlie present study, also in other studies on؟ 

emotive speech (Banse & Scherer 1996) and (Van Bezooijen
1984). Ln the present snudy, companing anger with the three other
emotions, angry connotation was expressed with the highest
speech pressure, and with high mean Fo and the longest duration
see statistical calculations (4.1) and it is shown as high pitch of
straight melodic Iine by all the subjects and the highest intensity
contour especially on the stressed syllable see graphic
representations in (4.2).

F6nagy and Magdics (1963, P. 297) noted that "Anger is
generally expressed on a mid pitch level and is characterized by
a straight, nigid melodic line leeping up a fourth. a fifh. ora
sixth interval at the beginning of the phrase. They also noted
(1981) that increasing intensity showed shortening of the
consonants and leng:heing of vowels.

Comparing "anger" with the other emotions that they
studied, Williams and Stevens (1972, P. 1248) also noted that
"Anger" produced the highest observed pitch "at least half an
octave above neutral" and the widest observed pitch range
although they found that uterance duration were longer,
indicating a reduction of speech rate.

Cumminges and Clerents (1995) in their stdy of glorلa 
source ofemotions noted, "of a lل the 11 speech styles., angry has the
most distinct and complete closed - glottis segmnenL, the amplinde
of the pulse is very high. This is expected because the acoustic
energy generated is maximized with sharp glotal closure"'.

5.4- Sadness

In comparison to neutral speech (i.e nommal), sadness has
been found to exhibit nomal or lower than nomal average
pitch. average intensity and it has a narTow pitch range. lt is
characterized by a short vowel duration, a decrease in intensity
and attenuation of fundamental frequencies which sometimes is
unable to show pitch contour especially in the unstre3sed
syllables. Females proponionally confused sadness with nomal
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emotions more than males but it is charactenzed n some of theIr
productions by breathy voice. Fonagy (1963) noted. 1n the case
of sadness. a decrease in intensiry. download Inflections.
·resonants" uimbre. "slurred" enunciation and rhythn with
iregular pause. Davitz (1964) and Black (1961) noted that soft
speech was characterized by slow rate

5.5- Astonishment
Ln the present study, a lل the "Astonish" Intents wee

conectly conveyed, although the varied differences of pitch
configurations of the various productions see (4.2.1) pitعh
contour of astonish. The good conveyance 0s astonishrert  awك
probably due to intonation contours.

As a common description of the "AStonish" graphs.
intonation contour has nه abrupt rise to high level especially on
the stressed syllable accompanied by a rise intensity curve and
again nising to high pitch level and high intensiry level on the
unstressed syllable but less than the suressed syllable.
Astonishuent showed the widest pitch range among the other
emotions. The finding is in agreement with other observations
on surprise speech (Van Bezooijong 1984, Hutter 1968 ard
Laukkanen 1996)

Fonagy & Magdics (1963. p. 293) noted that in surprise.
the voice suddenly glides up (or up -and -dow) to a high level
within the stressed syllable. then... falls to the mid level (Joyful
Surprise) or 1o a lower level (Stupefaction) in the last syllable.
also -the beginning of the phrase bears a strong stress, the
following syllables run dow weakly". "Tempo is restrained" and
·the voice is breathy" Ortony and Tumer (1990.P. 317) suggest
that it 1s not. in fact an emotion in itself, but is imporant in
·-The elicitation and intensification of emotions"
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6- Conclusion

Human emotion is a complex field of sTudy, this is due to
the intercorrelation between physiologyical, psychological,
physical, iinguistic and semantic factors. Numerous voice
vaniables conTibute to the vocal expression ofemotions but the
results suggested that the most important physical factors by
which the intended connotations conveyed were: the sex of the
speaker. the stress, the pitch envelope of the production.

The results showed that:
1- Male- Female differences are significant factors to

distinguish the vocal expressional emotions. Moreover
female samples conveyed the connotations better.

2- Male - Female differeعd es in Fo were extremely significant
especially in Sad and Nomal, while in loud excited vocal
emotion these differences are eliminated.

3- There is asignifcant increase of lntensity fom sof to nomal
and from normلa to loud voice for both males and females, but
there is no significant male - female differences in Intensiry in
any ofthe emotional conditions.

4- Increasing Fo is accompanied by increasing in intensiry and
duration.

Cenerally duration of the vowels is shorer in sof voice. and
it seems to be the less effective variable.

Females move in wider melodic voice range than males, i.e.,
female pitch level is higher about octave ا than males.

Pitch contour is the best indicator - among the other paramneters
- in the excited expression of the loud voices. For this reason.
Angry and Astonish were the best conveyed intentions.

5-

 أف

6-

 ى
7-

8- Lntensity in Angry is higher than Astonish, but Astonish has
various pitch configurations with wide melodic levels than
Angry
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9- "Anger" and "AStonish" intents had higher sound presse
than nomal, but "Sad" is sometimes lower than "Nomal"
and someuimes equals.

10-Stressed vowels always bear the discrete physical indicators
for the discnimination of vocal emotions.

11-Mean Fo and Lntensity during the fist stressed vowel were the
highest for Astonish and Anger which in these respects differed
fom all other categories.
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