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ABSTRACT 

Speech is normally accompanied or supplemented 
with different gestures such as eyebrow 
movements and head movements. These 
movements seem to be of great importance in 
face-to-face communication. In this study we were 
studying the visual correlates to focal accent in 
read speech. We were especially interested in the 
timing of the non-verbal events in relation to the 
speech signal and thereby the segmental flow. It 
was found that the head movements were highly 
correlated to the focused word of the utterance. 
The head movements were either down and 
forward or up and back. 

1. INTRODUCTION 
1.1. General 
Speech is normally accompanied or supplemented 
with different gestures such as eyebrow 
movements and head movements. These 
movements seem to be of great importance in 
face-to-face communication. In man-machine 
communication when we are using a talking head 
as a computer interface it looks quite unnatural if 
we are only animating the lips to the segmental 
flow. It is therefore also necessary to implement 
different gestures. There seems to be a 
relationship between gestures and intonation 
(Cassel 2000) and thus the fundamental frequency 
contour (Cavé et al 1996 and Kuratate et al 1999). 
There are also some movements related to the 
syllables in the utterance depending on the 
regulating mechanism of the muscles of the neck 
in order to keep the head still (Nordh, pers com). 
The study of the visual correlates to the acoustic 
signal in speech may also give some insight into 
the mental processes underlying the production of 
speech and how this is related to the production of 
gestures. 
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Figure 1: Typical F0-patterns for disyllabic isolated accent I 
and accent II words carrying sentence accent in the dialect 
spoken in the Stockholm area. 
 
 

2. EXPERIMENTAL DESIGN 
A set of utterances containing three main stresses 
was constructed in such a way that each main 
stress was either a monosyllabic word or a 
disyllabic word carrying the tonal word accent I 
or a disyllabic word carrying the tonal word 
accent II.  In reading these sentences each speaker 
systematically assigned the focus to different 
positions of the utterances by imagining that he 
answered different key questions. For one of the 
utterances the key questions and the focus 
assignments were: 
 
Vem vann en ål? 
Who won an eel? 
 
En man vann en ål. 
A man won an eel. 
 
Vad gjorde en man med en ål? 
What did a man do with an eel? 
 
En man vann en ål. 
A man won an eel. 
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Table I. The inventory of test utterances and the focus assignment are shown in the 
italics. 
________________________________________________________________
Utterances    Notes 
__________________________________________________________
En man vann en ål. 
En man vann en ål.    "man", "vann" and "ål" are mon
En man vann en ål.   words carrying the tonal word a
(A man won an eel.) 
 
Mannen vinner ålen.  
Mannen vinner ålen.   "mannen", "vinner" and "ålen" a
Mannen vinner ålen.   words carrying the tonal word a
(The man wins the eel) 
 
Mamman lånar nålar. 
Mamman lånar nålar.   "mamman", lånar" and "nålar" a
Mamman lånar nålar.   words carrying the tonal accent 
(The mother borrows needles.) 
__________________________________________________________
 
 
 
The acoustic signal that was synchronized with 
the movements of the markers was used to relate 
the movements to the segmental flow and to the 
manifestations of the fundamental frequency 
contour.  

3. RESULTS 
Three of the speakers with markers on the 
eyebrows were studied in order to find out 
whether there were any movements of the markers 
on the eyebrows that were correlated to the focus 
assignments of the utterances. In this pilot study 
there were only small movements and these 
movements were not at all correlated to the 
assignment of focus or to the fundamental 
frequency contour of the utterance. However, the 
head movements were highly correlated to the 
primary stressed syllable of the focused word in 
the utterance. The head movements were either 
down and forward or up and back. The subjects 
used very consistently one of these alternatives. 
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Figure 2: Typical head movements in vertical (y) and depth 
(z) direction together with the fundamental frequency 
contour for one of the subjects uttering the sentence "En man 
vann en ål." 
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The head movements and the fundamental 
frequency contour for the utterances made of 
accent II words are shown in fig. 4, 5 and 6. In 
these utterances the fundamental frequency rise 
occurred at the secondary stressed syllable but the 
extremes of the head movements occurred at the 
primary stressed syllable. 
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Figure 4: Typical head movements in vertical (y) and depth 
(z) direction together with the fundamental frequency 
contour for one of the subjects uttering the sentence 
"Mamman lånar nålar." 
 
 
 
 
 
 
 
 
 
 
 

 
 

75

150

225

300

50,6 51,0 51,4 51,8

time

f0

mam a n l å n a r

188

192

196

200

204

50,6 51,0 51,4 51,8

ve
rti

ca
l m

ov
em

en
t i

n 
m

m

82

86

90

94

98

50,6 51,0 51,4 51,8

de
pt

h 
m

ov
em

en
t i

n 
m

m

 

 

186

190

194

198

53,1

ve
rt

ic
al

 m
ov

em
en

t i
n 

m
m

85

90

95

100

105

53,1
de

pt
h 

m
ov

em
en

t i
n 

m
m

50

100

150

200

250

300

53,1

f0

a mm

 
 
 
Figure 5: Typica
(z) direction to
contour for one
"Mamman lånar 
 
 
 
 

AVSP 2001 International Conference on Auditory-Visu

125
53,5 53,9 54,3

53,5 53,9 54,3

53,5 53,9 54,3
time

å n a rn la

 

l head movements in vertical (y) and depth 
gether with the fundamental frequency 
 of the subjects uttering the sentence 

nålar." 

al Speech Processing



 Figure 6: Typical head movements in vertical (y) and depth 
(z) direction together with the fundamental frequency 
contour for one of the subjects uttering the sentence 
"Mamman lånar nålar." 
 
 
 

4. CONCLUDING REMARKS 
The head movements seem to be highly correlated 
to the primary stressed syllable of the focused 
word in read speech. This observation is at least 
valid for speech in this test situation. The gestures 
seem to be planned in order to get the extremes on 
the right syllable. In this investigation we only 
studied the head movements in relation to a point 
at the sternum. We could also move the head 
around a point at the scull base and this point 
could be moved in relation to the point at the 
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