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Abstract 2 Monitoring user attention

This paper presents a simple, yet effective In multi-party dialogue settings, gaze has been

model for managing attention and interaction jdentified as an effective cue to help disambiguate

control in mulimodal spoken dialogue systems,  the addressee of a spoken utterance (Vertegaal et

allowing the user to switch attention between 51 '2001). When it comes to human-machine inte-

the system and other humans. An evaluation in o i ‘Maglio et al. (2000) showed that usersiten

a tutoring sett'lng show; that the.users attention to look at h-controlled devi hen talki

can be effectively monitored using head track- 0 o0k at speech-controiied devices when talking

ing. to them, even if they do not have the manlf(_astatlo_n

of an embodied agent. Bakx et al. (2003) investi-
1 Introduction gated the_ use of h_ead pose for i_dentifying the ad-
dressee in a multi-party interaction between two

Most spoken dialogue systems are based on the@mans and an information kiosk. The results indi-
assumption that there is a clear beginning amhte that head pose should be combined with
ending of the dialogue, during which the user payscoustic and linguistic features such as utterances
attention to the system constantly. However, as thength. Facial orientation in combination with
use of dialogue systems is extended to settingpeech-related features were investigated as cues
where several humans are involved, or where thy Katzenmaier et al. (2004) in a human-human-
user needs to attend to other things during thebot interaction, confirming that a combination of
dialogue, this assumption is obviously toa@ues was most effective. A common finding in
simplistic (Horvitz et al., 2003). When it comes tahese studies is that if a user does not look et th
interaction, a strict turn-taking protocol is oftersystem while talking he is most likely not address-
assumed, where user and system wait for their tuifry it. However, when the user looks at the system
and deliver their contributions in whole utterancewhile speaking, there is a high probability that sh
sized chunks. If system utterances are interruptad,actually addressing a bystander.
they are treated as either fully delivered or
basically unsaid. 3 TheMonAMI Reminder

This paper presents a simple, yet effectivsla.
model for managing attention and interaction con-
trol in multimodal (face-to-face) spoken dialogu
systems, which avoids these simplifying assum
tions. We also present an evaluation in a tutori
setting where we explore the use of head tracki
for monitoring user attention, and compare it wit
a more traditional method: push-to-talk.

his study is part of the"6framework IP project
onAMIY. The goal of the MonAMI project is to
levelop and evaluate services for elderly and dis-
led people. Based on interviews with potential
ers in the target group, we have developed the
onAMI Reminder, a multimodal spoken dialogue
system which can assist elderly and disabled peo-
ple in organising and initiating their daily actieis
(Beskow et al., 2009). The dialogue system can

! http:/iwww.monami.info/



take the initiative and give reminders, but alse astate NTERRUPTED. Of course, the user might
swer questions about the content of the calendar.speak while the system is speaking without the
The MonAMI Reminder is based on thacH system detecting this, but the model should be re-
GINS platform (Skantze, 2007). The architecture igarded from the system’s perspective, not from an
shown in Figure 1. A microphone and a camera aobserver.
used for system input (speech recognition and headThe user’s attention is monitored using a camera
tracking), and a speaker and a display are used #ord an off-the-shelf head tracking software. As the
system output (an animated talking head). This isser starts to look at the system, the state clsange
pretty much a standard dialogue system architeitom NONATTENTIVE to ATTENTIVE. When the
ture, with some exceptions. Dialogue managemeunser starts to speak, ser SartSeak event from
is split into a Discourse Modeller and an Actiorthe ASR will trigger a change to thasILENING
Manager, which consults the discourse model amstlate. The Action Manager might then trigger a
decides what to do next. There is also an AttentiddystemResponse event (together with what should
and Interaction Controller (AIC), which will be be said), causing a change into tiPe&<ING state.
discussed next. Now, if the user would look away while the system
is speaking, the system would enter theLBING
state — the system would pause and then resume

[ Speaker I Display ] [ Camera ] [ Microphone

)

when the user looks back. If the user starts talspe
Multimodal Speech Synthesis Head ASR . . . .
[ ] Tracker while the system is speaking, the controller will

enter the NTERRUPTEDState. The Action Manager

5 = might then either decide to answer the new request,
o Attention and Interac- o . . .
5 c resume speaking (e.g., if there was just a back-
o channel or the confidence was too low), or abort
speaking (e.g., if the user told the system to shut
)

There is also a A&LLING state, where the system
might try to grab the user's attention. This isyer
Dl important for the current application when the sys-
tem needs to remind the user about something.

Figure 1. The system architecture in the MonAMI Re- . .
minder. 4.1 Incremental multimodal speech synthesis

. . . The speech synthesiser used must be capable of
4 Attention and interaction model reporting the timestamp of each word in the

The purpose of the AIC is to act as a low |eveqynth§sised string. These are two reasons for this.
monitor and controller of the system’s speakin&'rSt’ it must be possible to resume speaking after
and attentional behaviour. The AIC uses a statturning from the states NTERRUPTED and
based model to track the attentional and interaflOLDING. Second, the AIC is responsible for
tional state of the user and the system, shown figPorting what has actually been said by the system
Figure 2. The states shown in the boxes can be F@.ck_ to.the Discourse Modeller for continuous self
garded as the combined state of the system (cHionitoring (thgre is a dlrec_t feedback Ioop as can
umns) and the user (rows). Depending on the cora€ Seen in Figure 1). This way, the Discourse
bined state, events from input and output compdlodeller may relate what the system says to what
nents will have different effects. As can be seen fh€ user says on a high resolution time scale
the figure, some combination of states cannot §¥hich is necessary for handling phenomena such
realised, such as the system and user speakind@t Packchannels, as discussed in Skantze &
the same time (if the user speaks while the systepghlangen, 2009).

is speaking, it will automatically change to the
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Figure 2. The attention and interaction model. Rdslines indicate events coming from input modussid
lines indicate events from output modules. Noté sbbane events and transitions are not shown ifighee.

An animated talking head is shown on a displawith “push-to-talk”. To do this, we used a human-
synchronised with the synthesised speediuman-computer dialogue setting, where a tutor
(Beskow, 2003). The head is making small corwas explaining the system to a subject (shown in
tinuous movements (recorded from real humakigure 4). Thus, the subject needed to frequently
head movements), giving it a more life-like apswitch between speaking to the tutor and the sys-
pearance. The head pose and facial gestures . A second version of the system was also im-
triggered by the different states in the AIC, as caplemented where the head tracker was not used,
be seen in Figure 3. Thus, when the user aput where the subject instead pushed a button to
proaches the system and starts to look at it,tee sswitch between the attentional states (a sort-of
tem will look up, giving a clear signal that itnew  push-to-talk). The tutor first explained both ver-
attending to the user and ready to listen. sions of the system to the subject and let her try
both. The tutor gave the subjects hints on how to
express themselves, but avoided to remind them
about how to control the attention of the systesn, a
this was what we wanted to test. After the intro-
duction, the tutor gave the subject a task where
both of them were supposed to find a suitable slot
in their calendars to plan a dinner or lunch togeth
The tutor used a paper calendar, while the subject
NonAttentive | | Attentive tistening | Systemignore)sed the MonAMI Reminder. At the end of the
experiment, the tutor interviewed the subject about
her experience of using the system. 7 subjects (4
women and 3 men) were used in the evaluation, 3
_ lab members and 4 elderly persons in the target
5 Evaluation group (recruited by the Swedish Handicap Insti-
. ute).
In the evaluation, we not only wanted to checf< There was no clear consensus on which version

whether the AIC model Wo_rked, but also to un_der-f the system was the best. Most subjects liked the
stand whether user attention could be effectlve&

modelled using head tracking. Similarlv to Oh etead tracking version better when it worked but
9 9. ) Y Wwere frustrated when the head tracker occasionally

al. (2002), we wanted to compare “look-to-talk”; . : .
failed. They reported that a combined version

Figure 3. Examples of facial animations triggelsd
the different states and events shown in Figure 2.



system is very important. One of the tutor’s tasks

to explain why the system fails to understand out-
of-vocabulary expressions. By doing this, the us-
ers’ trust in the system is increased and they be-
come less confused and frustrated. We are confi-
dent that monitoring and modelling the user’s at-
tention is a key component of spoken dialogue sys-
tems that are to be used in tutoring settings.
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