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Abstract  An experiment with 24 subjects was performed. The subjects were
split in three groups, and asked to extract information from the AdApt
dialogue system for somewhat over 30 minutes per subject. The system
configuration varied in that one group had turn-taking gestures from an
animated talking head, another had an hourglass symbol to signal when
the system was busy, and the third had no turn-taking feedback at all.
The results show that although the hourglass setup showed no decrease
in efficiency compared to the facial gestures, it made the subjects less
satisfied. The lack of turn-taking feedback was noticed and mentioned
by half of the subjects in that group.

Keywords: multi-modal, dialogue system, turn-taking, animated face

Introduction

Letting the system provide feedback about what it is doing helps to
maintain a good dialogue flow in a conversational dialogue system. In the
present dialogue system, such feedback is realised as facial gestures in an
animated talking head. The system generates output using the GESOM
model (Edlund et al., 2002), which lets us change the realisation of such
feedback without changing the dialogue system as such.



It is quite feasible to run a large conversational system in a PDA or
even a mobile phone, provided that the bulk of the processing is done
on a central server and the PDA /phone only deals with input/output.

The talking head used in the present system could possibly run in a
PDA, but in a standard mobile phone of today it would not. There are,
however, other ways of providing multi-modal feedback that may work.
For example, the well-known hourglass symbol could be used to indicate
that the system is busy.

A test was performed where users were asked to try one of three
system setups: facial turn-taking gestures, an hourglass symbol, and
a configuration with no visual turn-taking feedback at all. The results
show no significant difference in efficiency between the hourglass and the
gestures, but a tendency for users to get their turn wrong more often
when no feedback is provided. Several users mentioned feeling uncertain
about when to speak as a problem in the no-feedback configuration, and
the results of a series of evaluation questions based on the PARADISE
subjective measure show that the users who tested the hourglass config-
uration were significantly less happy with the system.

1. Related work

People take turns speaking in human to human dialogues, and each
party begin and end smoothly. Conversations rarely break down due
to simultaneous speech or interruption, even though the pauses between
turns are short (Torres et al., 1997). In all likelihood there is some
non-verbal exchange between the speakers. This information can be
provided by hand gestures, body posture, speech, gaze, or any combi-
nation thereof (Goodwin, 1981; McNeill, 1992). Evidently, the use of
such information in a dialogue system would be of great help in the
communication between the user and the agent.

2. The AdApt system

AdApt (Gustafson et al., 2000) is a multi-modal dialogue system that
was developed at CTT with Telia Research as an industrial partner. It
provides information about apartments for sale in downtown Stockholm.
The system uses speech and mouse clicks as input and a 3D-animated
agent (Beskow, 1997) that produces lip-synchronized synthetic speech
and gestures as output. The system also displays the location of apart-
ments on a map.
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Figure 1.  AdApt system overview

2.1 Dialogue flow

AdApt is a distributed system (see fig. 1) with a central module con-
trolling input/output, the IO Manager. In a normal dialogue turn, the
system gets input from the speech recogniser and/or the clickable map.
The input is merged in the I0 Manager and sent to the parser, which
returns a semantic representation to the IO Manager. The semantic rep-
resentation is sent to the dialogue manager, which takes the necessary
action to create a response. The response, again, is sent to the IO Man-
ager, which passes it on to the GUI Manager, which in turn realises the
response as speech, map objects and gestures.

Each time data is passed through the IO Manager, the system has
an opportunity to provide feedback to the user. An unsuccessful recog-
nition may result in the agent asking the user to repeat the utterance,
and an unsuccessful parse may cause it to inform the user that it does
not understand the utterance. In the system set-up used here, non-
verbal feedback is used to show the user whether or not the agent has
understood.

2.2 Fragment parsing

Before implementing the final version of AdApt, a Wizard-of-Oz study
was performed (Bell et al., 2000) The simulations showed that people
tended to break up their utterances into fragments. Many user queries
would look something like this:

“I would like a /pause/ three-room apartment in this area”



The pauses were often long - much longer than the half second or so re-
sponse time of the endpoint detection used in AdApt’s speech recogniser.
This meant that the system would receive a lot of utterance fragments
(e.g. “I would like a”). In order to come to terms with this, a parser that
can distinguish full utterances (i.e. closing utterances) from fragments
(i.e. non-closing utterances) was implemented (Bell et al., 2001).

Given that we know whether we are presented with a full utterance or
with a fragment, the system can take the appropriate action - respond or
wait for more input, respectively. Unfortunately, the system sometimes
takes a little while to generate a response, and the user may well de-
cide to say something more during that time. This presents a problem,
especially since the present set-up of AdApt does not support barge-in.
However, in a dialogue system that aims at natural language communi-
cation, barge-ins may be difficult to handle even if the speech recogniser
could deal with them flawlessly. In a situation where the system is just
about to reply, for example, the best course of action may well be to go
ahead and do so, even if the user barges in. Fig. 2 show an example
from out test data where this would be the case.

USER: vad kostar den
what does it cost
[this utterance was correctly recognised and
triggered a database search]
USER: hur mycket kostar den
how much does it cost
[this utterance never reached, but would have
caused a barge-in]
SYSTEM: 1lagenheten kostar 2.150 miljoner kronor
the apartment costs 2.150 million crowns

Figure 2. A barge-in from the test data. The barge-in was captured from a sound
recording of the entirety of the session, not from the recogniser’s log files.

In cases like this, we would get smoother dialogues if the users would
wait for their turn before speaking. There are various ways to influence
the user in this direction: one might let the system say “Just a moment,
I’ll see”, or show a well-known computer symbol suggesting that the
system is busy (e.g. an hourglass). One could also let the animated
agent show that it is thinking through the use of facial gestures.
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Figure 8.  AdApt GUI

2.3 Gestures

Facial gestures can be shown shown in the AdApt GUI (see fig. 3).
Turn-taking gestures are defined as states, e.g. busy, continued atten-
tion, which the talking head can be placed in. Placing the talking head
in the busy state makes it perform one of a number of predefined ges-
tures (Beskow et al., 2002). This is done when the system receives a
full utterance. The continued attention state also triggers a gesture, but
the gesture is picked from a different set. This happens when the sys-
tem receives an utterance fragment. The present system never verbally
prompts the user to continue when it receives an utterance fragment. In
many cases, the rest of the fragment comes very shortly after, in which
case verbal prompting would leave us with a barge-in again.

A number of gestures in the busy and continued attention states were
created. A group user test, adopted from Granstrom et al., 2002, was
then performed to see whether they were perceived as intended when put
against each other in the same dialogue context (Nordstrand, 2002). The
busy state basically contains gestures where the animated head looks
away from the user, and the continued attention state holds two types
of gesture: one where the animated head tilts forward whilst keeping its
gaze on the user and raising the eye-brows and one where the head tilts
to the side slightly. The group test contained a large number of gestures,
most of which were clearly perceived as intended. The four most clearly
perceived gestures out of each group were picked for the present test,
and several slightly different versions of them were added to prevent the
system from being too repetitive.
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3. Experiment
3.1 Subjects

The user study included three groups of eight paid subjects between
20 and 40 years of age. Half of the subjects were men. The groups were
balanced for gender, but otherwise randomly distributed. None of the
subjects had professional knowledge of speech technology, although the
majority claimed to have used some speech interface at some point, to
have had some experience with computers, and to have used apartment
search tools on the Web. All subjects claimed a reasonable knowledge
of the geography of downtown Stockholm, which is the area the AdApt
system is concerned with. None of the subjects had used or seen the
AdApt system before. Table 1 shows a compacted version of some of
the pre-test query results.

Table 1. Previous experience

Speech Programming Apartment
search tools

Never 2 5 8
Tried 22 17 16
Regularly 0 2 N/a

3.2 Test setup

One goal of the test was to attempt to answer the following questions:

1 How well do the busy gestures and the symbol perform in prevent-
ing users from speaking to the system when the system is preparing
a reply?

2 Which of the two techniques is more efficient?

3 Does either of the two techniques appeal more to users?

We hoped to show that both the gestures and the symbol have a sig-
nificant effect, and expected the hourglass approach to be more efficient,
but that it might make the users feel less satisfied with the system or
perceive it as slower. Three system configurations were used. One of
them used the busy gestures described in section 2.3, one turned the
mouse pointer into an hourglass, Windows-style, and the third configu-
ration did not give any turn-taking feedback at all. The system ran on
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three machines: speech recognition on one, surveillance on another, and
everything else on a third.

The subjects received the following information about the system be-
fore the test commenced:

m The system takes mouse and voice input.

m  The system responds with voice synthesis from an animated talking
head and markings on a map.

m It is quite possible to get stuck in some situations. If this happens,
say “Urban, borja om” (“Urban, start over”, Urban is the name
given to the talking head used in the system).

m The system has information about apartments for sale in down-
town Stockholm.

s The task is to find information about apartments that you might
want to buy or live in.

In addition, the subjects were informed that with this little guidance, at
least the first minutes would be difficult at best.

Each subject talked to the system for a little over 30 minutes. They
were left alone in an undisturbed room with the system, although they
were being recorded with an open microphone, and were naturally aware
of this. No further assistance were given to any of them (except for
someone entering the room silently to restart a crashed module on a
couple of occations), and after the test, conversation with them was
kept to a minimum until they had filled out the evaluation forms.

3.3 Analysis

The subjects dialogues were logged, as were the sound files from the
speech recognition. In addition to this, an open microphone was used
to record the entire conversations. The resulting tapes have been tran-
scribed, and the start of utterances that did not reach the recogniser
timed. Unfortunately, the timestamps in the log files have turned out to
be unreliable - a negative effect of the distributed system setup used. As
a result, much more manual work than expected is needed in order to
make any serious attempt at measuring the efficiency of the turn-taking
feedback using times. A rough measure of how many times the users
made additional utterances when the system was preparing yields ta-
ble 2. The subjects got on average about 60 system responses each, and
the responses were quite evenly distributed across the groups, making a
total of somewhat less than 500 responses per group.



Table 2. % of system responses where the subject started saying something

All Last 2/3
Test Gest 9.9% 8.7%
configuration Symbol 8.9% 6.9%
None 9.9% 12.5%

The column marked “All” shows the percentage of all utterances in all
sessions where the subjects started to speak as the system was prepar-
ing a response. The numbers are misleading, however, since the subjects
spent their first five to ten minutes aquainting themselves with the sys-
tem. In the case of the no-feedback group, the subjects would wait for
very long times before repeating anything early on in the sessions, re-
gardless of whether the system needed more input or not. After some
time, they would realise that waiting for a response would often not get
them anywhere, and start repeating their requests. Unsurprisingly, they
then spoke quite often as the system was preparing responses. The col-
umn marked “Last” shows the same figure for the last two thirds of the
sessions. The difference between the symbol and the gesture group is
not significant, and the differences between the no-feedback group and
the other two are barely so. This measure, however, is too crude to be
fully reliable, but we will claim that it is a workable tendency. There
is an attempt being made at CTT to make a PARADISE evaluation on
the material, which will perhaps help matters.

The users where asked to fill in two forms after the tests. The first
one was a user satisfaction form based on the method described in PAR-
ADISE (Walker et al., 1997), and contained a number of questions about
various aspects of the system. Table 3 show which configuration got the
best rating when compared pair-wise, with “S” marking a significant
difference.

The second form, presented to the users after they had completed the
first, contained nothing but the question “Do you have any additional
comments?”. The majority of the subjects wrote half a page or more in
response to this, and to our surprise, almost half of them mentioned turn-
taking. These judgements where easily divided into three categories.
The first is made up of explicitly positive statements, like “the gestures
he made when he was thinking were nice”. The second is made up of
explicitly negative statements, like “I never knew if I was supposed to
talk or wait for a reply”. The third category is made up of statements
showing that the subject has understood that the system tried to signal
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Table 3. Evaluation results

gest symbol none
gest - - -
symbol gest(s) - -
none gest none(s) -

that it was busy, but felt that the signal was not clear enough: “The
thinking gestures were a bit mild” and “I thought the hourglass signalled
that he was thinking, but I felt unsure”. Note that the no-feedback
system could not possibly get any comments on turntaking signals, since
there were none. The results of this categorisation are presented in
table 4.

Table 4. Number of subjects making comments on turn-taking issues

Setup Positive Negative Noticed but Total
somewhat critical comments

Gest 1 - 2 3

Symbol 1 2 1 4

None n/a 4 n/a 4

4. Conclusion

The user test described in this paper has in part verified our intu-
itions. The PARADISE style user satisfaction evaluation suggests that
the hourglass made the subjects feel less happy about the system, even
though we have not been able to show any significant decrease in effi-
ciency or success rate in the hourglass group. The subjects’ comments
show that many subjects did take notice of the turn-taking signals (or
lack thereof). Unfortunately, we have not been able to show that the
our turn-taking signals make for a more efficient dialogue in a convincing
manner. Preliminary time measurements suggest that the time it took
for the user to give more input when the system needed it was significally
longer when no turn-taking signals were present, but the these results
come from a small part of the data. We hope that these figures will turn
out to be correct, and that the PARADISE evaluation shows differences
between the different setups.
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