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ABSTRACT

We are developing multimodal man-machine interfaces
through which users can communicate by integrating
speech, gaze, facial expressions, and gestures such as
nodding and finger pointing. In this paper, we study two
discrete emotions, interest and disinterest.  When
communicating with computers, users may display a variety
of emotions in faces and voices. Thus, in realizing more
flexible and natural communications between humans and
computers, we consider that computers need to know about
their user's emotional state: whether the user is interested or
not. Here we present work performed in our lab towards the
analyses on modalities which would encode the user emotion
of interest and disinterest in conversation.

1. MULTIMODAL INTERACTION DATABASE

Many researchers have recently advocated the importance of
multimodal interfaces [1]. In our earlier reports [4][5], we
described some visual and acoustic modalities which would
be functional in fluid interactions. In a higher level,
however, emotions which should be conveyed in the
acoustic signals and facial expressions should be added.

As the first step, we have implemented a system which
utilizes video and audio recording equipment to capture
verbal and nonverbal information in interpersonal
communications {4]. Both image and sound data are labeled
along a common time scale, and stored in a database (Fig.1).
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Fig.1 Example of Labeled Multimodal Database
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Next, using this system, we have collected data from task-
oriented conversations between two persons, and
quantitatively analyzed the data with respect to muilti-
modalities which would encode emotions.

2. LINGUISTIC EVENTS AND EMOTIONAL
AROUSAL

The communication of emotion is the one area that has
received the most attention within the study of
communication. A number of discrete emotions have been
studied. Ekman et. al.,, for example, labels happiness,
surprise, fear, sadness, anger, disgust and interest [2]. In
this section, we categorize two discrete emotions, interest
and disinterest. A variety of emotions, we believe, can be
broadly divided into these two categories.

In order to see the physical features which would signal the
emotion of interest and disinterest, we needed some indexes
in which the emotional arousal was expected in the stream of
conversations. For the purposes of the present analysis, the
conversations were considered to consist of a series of
phrases, each separated from the following one by a short
pause, the phrase boundary pause. These phrases are likely
to be merged into linguistic events of conversations, due to
contents: initiating, continuing and closing. As an
indicator of the level of emotion, we have chosen these
linguistic events because, in the continuing portions,
emotional arousal is expected to occur.

2.1. Experiments

The data discussed in this section was drawn from parts of
two two-person conversations: free conversation with some
topic in which the subjects are interested. Each pair of
subjects was acquainted, and was instructed to talk freely for
as long as 10 minutes when they were asked to stop. Several
topics were presented to the subjects so that they could
select one of interest. No detailed scenario was prepared.
The topics each pair chose were "playing badminton” and
"how to get to a playing spot”. The subjects talked to each
other via a screen or monitor.
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2.2. Results of the Analyses and Discussions

The analyses to be reported here are based on a study of two
70-second data from these two conversations. The 70-
second data, which includes initiating, continuing and
closing portions, were divided into blocks, each 10 seconds
in length. For each block, measured were (1) the amount of
time that each subject spoke (Fig. 2-3 (1)); (2) the amount of
time that neither subject spoke, and the amount of time that
the utterances of the two subjects overlapped (Fig. 2-3 (2));
(3) the mean level of pitch (Fig. 2-3 (3)); (4) the amount of
time occupied by nodding (Fig. 2-3 (4)); and (5) the amount
of time occupied by mutual gaze (Fig. 2-3 (5).

2.2.1. Speaking and Silence

Fig. 2 (1) shows the proportion of time that Subject A and
Subject B spent speaking at partners in conversations. It is
to be noted, first of all, that in the first three blocks, one of
the subjects, Subject B in this case, spent more time
speaking to take an initiative than Subject A did. In the
fourth block, however, the initiative switches to Subject A,
who talked more than Subject B. In the succeeding blocks,
then, the proportion of speaking time becomes nearly equal
between the two subjects. Thus there may be said to be more
active interaction between the two subjects in blocks 5 to 7.
A similar tendency appears in the conversations between
Subject C and D, as presented in Fig. 3 (1). In this case,
from blocks 4 to 7, the proportion of time spent speaking
becomes closer to equal between the two subjects.

The above findings are to some extent related to the
information shown in Fig. 2-3 (2). These figures show the
proportion of time that the utterances of the two subjects
overlapped and that neither subject spoke in the
conversations. We see in the conversations between Subject
A and B (Fig. 2 (2)) that the proportion of time for utterance
overlap increases in blocks 4 to 6, while for silence it
becomes lower in the corresponding blocks than during the
preceding blocks. For the conversations between Subject C
and D (Fig. 3 (2)), this inverse relationship appears in block
4. The proportion of time spent in silence is still lower in
block 5, although the proportion of overlap is lower.

The overlap of utterances may be induced by active
exchanges of interaction between the two subjects, or by
emotional arousal that occurred between them. Stretches of
silence, on the other hand, may indicate lack of fluency or
the speaker thinking of what to say next. Therefore, from
the results presented in Figs. 2-3 (1) and Fig. 2-3 (2),
Subjects A and B appear to be in fluent speech or
emotionally aroused (or interested) in blocks 5 to 6; and
Subjects C and D around blocks 4 to 5. It should be noted
that these blocks correspond to the continuing portions of
linguistic events.
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2.2.2. Pitch

Changes in emotional state may result in changes in
respiration, phonation, and articulation, which lead to
changes in the acoustic signal. For the measurement of
vocal features, we used a measure of the fundamental
frequency (herein after called Fo).

Fig. 2-3 (3) shows the mean Fo in each block. We see that
Fig. 2 (3) illustrates increases in mean Fo in blocks 4 to 5
for Subject A, and 3 to 5 for Subject B. The rate of
articulation seems to have increased with the level of
interest. In the second sample, shown in Fig. 3 (3),
increases in mean Fo0 can be observed in blocks 4 to 5 for
both of the subjects. Blocks 3 or 4 to 5 in the conversations
between A and B, and blocks 4 to 5 in the conversations
between C and D, again both correspond to the continuing
portions of linguistic events. Furthermore, the mean Fo
decreases again in closing portions of the conversations.

It should also be noted that the two subjects seem to be
emotionally aroused to roughly the same degree at much the
same time, because the mean Fo for Subject A (or C) varies in
proportion to that for Subject B (or D). There seems to be a
shared level of emotional arousal between the two subjects.

2.2.3. Nodding and Gaze Direction

While speaking or listening, humans exchange various
forms of information with each other, including head
nodding, gaze, facial expression and gestures. The relation
of nodding and gaze to the level of emotional arousal was
analyzed in this section.

Fig. 2-3 (4) shows the proportion of time occupied by
nodding in the conversations. The frequency of nodding
gestures differ from person to person: some persons tend to
nod frequently, but others do not. However, Fig. 2-3 (4)
shows that nodding, in each partner, is symmetrically
reciprocated by the other. There is an increase of nodding in
blocks 3, 5 and 6 for both Subject A and B (Fig. 2 (4)); and
in blocks 4, 5 and 7 for both Subject C and D (Fig. 3 (4)).
Since these blocks partially correspond to the continuing
and closing portions of linguistic events, nodding gestures
seem to increase as participants are emotionally aroused,
presumably to show the acknowledgement toward each
other, and to imply that the current topic is reaching the
end. However, it should be noted that the nodding gesture is
inversely related to eye-contact.

Fig. 2-3 (5) shows the proportion of time occupied by
mutual gaze (eye-contact). Eye-contact is considered to
occur where one subject's gaze is drawn to the other subject
[3]. It may thus signal the level of shared emotional arousal
between the subjects.
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When comparing Fig. 2-3 (4) with Fig. 2-3 (5), we find that
there is an inverse relation between nodding and eye-
contact. In Fig. 2 (4) and (5), we see that the proportion of
time for eye-contact increases in blocks 3 to 5 and 7, while
for nodding it decreases. For the conversations between
Subjects C and D, as shown in Fig. 3 (4) and (5), we find a
same inverse relationship between nodding and eye-contact.
From these results, we may assume that in conversations,
nodding and eye-contact serve to acknowledge the partner in
a complimentary way.

2.2.4. Other modalities

In order to develop multimodal interfaces which are more
natural for users, multimodal interfaces should integrate
information from a variety of senses. In the above sections,
we have analyzed some acoustic and visual signals of
nodding and gaze. We are now analyzing features from other
modalities, including heart rate.

3. INTEREST-EVOKING STIMULI AND
EMOTIONAL AROUSAL

In the previous section it was shown that some physical
features change in associated with linguistic events, that is,
the content of utterances in conversation. This section will
discuss some signals observed in emotional arousal which is
induced by more objective stimuli.

3.1. Experiments

We have conducted experiments in the context of the
interaction between subjects and CG animations. The
subjects were instructed to say "Hello" to the CG image
repeatedly until it responded by saying "Hello". The CG was
controlled by a computer so that it stayed still without
saying or doing anything for as long as 40 seconds, and that
at this moment stimuli were inserted with the CG animations
blinking twice. We have looked at the physical changes
occurred in the subjects before and after the stimuli. There
were two subjects.

3.2. Results of the Analyses and Discussions

In the experiments, our main aim was to identify some
signals of emotional arousal which may be drawn by the
stimuli of blinking. We chose blinking as our objective
index of emotional arousal, because blinking after a long
absence of reactions from the CG animations should draw the
interest of the subjects with some expectation that the CG
may respond by saying "Hello".

Measured were changes in Fo (Max, Ave. min.), the number
of times the subjects looked away from the CG, and the time
intervals in which subjects blinked (see Fig. 4).
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3.2.1. Pitch

The top row of Fig. 4 presents the results of changes in Fo.
We measured the Fo of "Hello", which was uttered by the
subjects just before and after the stimuli. The results indicate
an increase in all of the Max, Ave. and Min. Fo's for the
utterances just after the stimuli, and thus the Fo may be said
to signal the emotion of interest.

3.2.2. Gaze Direction

Fig. 4 also shows the results of how many times the subjects
looked away from the CG animations in 30 seconds before
and after the stimuli, respectively. The subjects looked away
more often before the stimuli than after. We may assume
from these results that the subjects, receiving the stimuli,
focused their eyes upon the CG animations. Looking,
therefore, may also signal the emotion of interest.

3.2.3. Blinks

The bottom row of Fig. 4 shows the changes in the time
intervals between blinks which appeared in the subjects.
The results indicate that the time intervals between blinks
became longer after the stimuli than before. Longer
blinking intervals may imply that the subjects looked at the
CG animations longer, and thus blinking intervals may
serve to some extent to signal - the level of interest.
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