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Abstract

As a new type of application of the conversation system, a robot
activating other parties’ communications has been developed.
The robot participates in a quiz game with other participants and
tries to activate the game. The functions installed in the robot
are as follows: (1) The robot can participate in a group com-
munication using its basic group conversation function. (2) The
robot can perform the game according to the rules of the game.
(3) The robot can activate communication using its proper ac-
tions depending on the game situations and the participants’ sit-
uations. We conducted a real field experiment: the prototype
system performed a quiz game with elderly people in an adult
day-care center. The robot successfully entertained the people
with its one hour demonstration.

Index Terms: conversational robot, group communication,
communication activation

1. Introduction

A robot participating in a group communication and activating it
is developed. The most of our daily communications are group
communications, in which several people participate. A robot
should participate in such a kind of communication naturally,
and achieve some given tasks. In this study, we focus on a quiz
game which is one of recreations in the day care center for el-
derly people, and develop a robot participating in and activating
it.

Conventional robots and spoken dialogue systems on them
assume one-on-one communication. This assumption is so
strong that the developed systems could not be applied to a
group communication directly. There are several robots devel-
oped for group communication. Matsusaka et al. developed a
robot which can participate in a group conversation with esti-
mating the next speaker by speech recognition and face direc-
tion recognition[1]. Bennewitz et al. developed a tour-guide
robot which can communicate with multiple person simultane-
ously with face detection and speaker localization[2]. Mutlu
et al. evaluated the variation of hearers’ feelings depending
on the way a robot controls its gaze, when the robot acts as
a speaker[3]. These studies confirmed the functions which a
robot participating in a group communication must have by de-
veloping an actual robot. They referred the results of analysis by
Clark[5] and Traum[4] and so on, and developed robots playing
appropriate roles in a group communication.

Among group communications, in this study, we focus on
a quiz game which has one Master of Ceremony(MC) and sev-
eral panelists and develop a robot participating in it as one of
panelists. This kind of game is one of the recreations in the
day care center for elderly care, and is expected to activate the
elderly people. However, in order to make a game effective,
it needs a very good MC. If MC is not a good one, he cannot
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make elderly people involved, and cannot make any one answer
the quiz at worst. Thus, we develop a robot participating in the
game as one of the panelists as the same with the elderly peo-
ple and activate the game. In addition to general principle for a
group communication, in such a situation, the robot needs an-
other principle for a game panelist to participate in the game ap-
propriately. Furthermore, in this study, we aim at activating the
communication, so we have to investigate the principle for that.
We propose a robot architecture to treat these principles com-
prehensively. Finally, the system is implemented on the robot
and the field experiment is conducted in the day care center.

2. Participation in a Quiz Game
2.1. Quiz Game as Group Communication

Clark analyzed that the participation structure in group
communication[5] as shown in Fig. 1. It shows the roles of
the participants for an action when the action is performed by
someone in a communication. Particularly, speaker, addressee,
and side-participant are the roles for the participants who are
in the communication actively, so they must obey the rules of a
group communication For example, when the speaker finishes
his utterance, the addressee essentially speaks next.

A game which several people gather and enjoy is regarded
as one kind of group communications. For the proposed robot
participates in a game, it must obey the rules of the game as well
as the rules of group communication. These rules are important
principles for the robot to determine its action. These rules are
regarded as the hierarchical constraints which form layer struc-
ture as shown in Fig.2.

Participants should take the action which is most desirable
under the strategy, which is the most upper layer. When this
action violates the rules of the game, which is the intermediate
layer, however, it must not be executed. Moreover, the action
which does not satisfy the constraints in group communication,
which is the most lower layer, confuses the game. Therefore,
all of the participants in a game gently obey the rules of every
layer in Fig.2 consciously or unconsciously.

[Speaker Addressee]

O O O

Side-participants Overhearers

O

Figure 1: Participant structure of a group communication
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Figure 2: Hierarchical structure of the constraints of a game as
a group communication.
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Figure 3: The overhead view of the game in which the proposed
robot participates.

3. Communication Activation
3.1. Robot as a Communication Activator

In order to make a robot participate in a party game and activate
communication of other participants, the robot must satisfy the
constraints described in the previous section and select the ac-
tion which activates the communication the best. As shown in
Fig.2, we adopt the strategy for activation so that the robot se-
lects an action which activates the communication. In such a
way, the robot is able to activate the communication naturally
in the game as a game participant. The robot is supposed to be
one of the panelists as shown in Fig.3.

3.2. Principles in Group Communication Level

A robot must play one role of speaker, addressee, side-
participant at a moment while the game proceeds. The action
which it selects is subjected to following constraints for each
role:

® as speaker
— Replying to the former speaker(essential)

— Looking at and/or point target objects in case of
attention(essential)

— Looking at addressee(essential)
e as addressee

— Nodding to speaker’s utterance(essential)

— Looking at speaker or target objects(essential)
® as side-participant

— Looking at target objects(essential)

— Nodding to speaker’s utterance(optional)

— Looking at next speaker(optional)
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where, the essential constraints are strong ones that the robot
must always satisfy, while the optional constraints are weak
ones that the robot should satisfy when it can.

3.3. Constraints in Task Level

The proposed robot participates in a quiz game. In such a kind
of game, there are one Master of Ceremony(MC) and several
panelists. In this study, the robot acts as one of the panelists.
The constraints the robot should satisfy as a panelist are as fol-
lows:

e Answering the question whenever MC asks
e Answering the question when an answer is prepared

e Making an effort to prepare an answer when it is difficult.
For example, it should ask MC to give a hint

Note that these actions should be done as the constraints
in group communication level satisfied. For example, the robot
must not disturb another participant’s answering by answering
the question.

3.4. Principles in Communication Activation Level

Usually, a participant in a game takes the best action to win the
game. In a quiz game, it means that he answers the question as
soon as the answer is prepared. The aim of this study, however,
is not winning the game but activating the communication in the
game by the actions the robot takes.

Then, what is the activated situation in a game? In a quiz
game, it is the situation which the panelists answer the questions
many times actively. It is also the situation which the panelists
try to prepare an answer for a given question sincerely.

Thus, in order to activate the communication, the robot
should select an action to make a lot of chances for other pan-
elists to answer as follows.

e Encouraging another participant to answer

e Asking a hint to MC, which knows the correct answer
e Saying something which is a hint to itself

e Answering the close one, which is not correct

The reason why not to answer the correct one at the last ex-
ample, is because the quiz finishes when someone answers the
correct one.

4. System Architecture
4.1. Triggers for Action Selection

At every moment, the system must select an action which satis-
fies constraints at all the levels described in the previous section.
Ideally, action selection should be done at every moment. How-
ever, the robot does not actually do several actions during such a
short time. On the other hand, in order to satisfy the constraints
described in Section 3, the robot must answer when it is asked,
and it should look at another participant when he answers. Thus,
the robot must synchronize such external events that it should.
Moreover, in order to activate communication, it cannot be a
passive system that is silent when none of external events hap-
pen. In this system, we define two kinds of triggers to trigger
the action selection, external trigger and internal trigger. The
system overview is shown in Fig. 4.
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Figure 4: System flow of action selection
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4.2. External Trigger

External triggers are generated when MC sets a quiz, when MC
encourages one of panelists to answer, and when MC evaluates
an answer from a panelist. By receiving these triggers, the robot
makes some reactions to given quiz, it can look at the answering
panelist, and it can answer when it should.

MC'’s speech plays a important role for situation under-
standing. For example, when MC encourages a panelist to an-
swer, that panelist is expected to answer something at next mo-
ment. When MC says “it’s close but not correct” to evaluate
someone’s answer, the system can estimate that one of the pan-
elists answered. We think that MC is the only special partici-
pant in a quiz game and it is not stressful for him to have a mi-
crophone. Thus, in this system, we make MC wear a head-set
microphone and the system perform a speech recognition using
speech from it. In this system, we use SKOODI[6], a speech
recognizer developed in our group.

4.3. Internal Trigger

Internal triggers are generated when activeness of given situa-
tion becomes lower than the predefined threshold. By this trig-
ger, the system can take an action even when it is not triggered
by an external trigger explicitly. In this study, we define the
activeness with the answering counts and the attitude for partic-
ipation for each panelist.

In order to estimate each panelist’s activeness, we recog-
nize panelists’ face directions and facial expressions using im-
age captured by the camera mounted on the eye of the robot.
We estimate the panelist’s face direction and recognize either a
panelist is looking at MC, looking at the white-board, looking
at the robot, or looking at nothing, which means that the pan-
elist does not participate actively. Moreover, when some sorts of
information for the same face are captured, we roughly recog-
nize the change of facial expression by calculation the amount
of changes in the region. This simple method does not enable
us to understand the facial expression precisely, but we assume
that any changes of facial expressions are smiles or some posi-
tive meanings.
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Figure 5: Communication Robot ROBISUKE

4.4. Action Selection

As the action selection module receives a trigger, it selects the
most effective action which satisfies constraints described in
Section 3 from action dictionary. Every action has an evaluation
function in its definition, so that it evaluates itself considering
many sorts of information, such as a received trigger, current
quiz information, estimated turn-taking information, estimated
activeness of each panelist, and the history of its actions. The
evaluation value becomes zero when it does not satisfy the con-
straints in the lower two layer, for group communication and
quiz game. Thus, that can reject the actions which must not be
executed in the given situation. While the definition of eval-
uation function differs for each action, from the point view of
communication activation, the action which makes the differ-
ence of the activeness between the current situation and the pre-
dicted situation caused by the action,

a(s’) — a(s)
a(r(a,s)) — a(s),

bigger is likely to be selected. In (1), s is a situation, a is one
of actions a robot can take, s’ = 7(a, s) is a predicted situation
when the robot takes an action a at a situation s, and «(s) is
activeness at a situation s.

Because the action that the robot takes is selected from the
actions defined in the action dictionary, the variety of actions
depends on the amounts of the contents in the dictionary. An
action is defined with utterance content and gestures that robot
make. All of them are stored in the external database, and de-
velopers can easily define new actions via web interface.

Aa(a, s)
(M

5. Application: NANDOKU

The system described in the previous section is developed on
the robot. It can participate in one of the quiz games, NAN-
DOKU quiz. In Japan, KANIJI characters are usually used in
literature. The same KANJI character gives different readings
when it constructs a word with other KANIJI characters. Curi-
ously, for many words, people know pronunciations and mean-
ings well, but don’t know how to write in KANJI characters.
Thus this is very difficult and interesting quiz for Japanese peo-
ple.

As the platform of the developed communication activa-
tion system, we introduce the multi-modal conversation robot
ROBISUKE][7] shown in Fig.5. ROBISUKE has a camera on
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Figure 6: Scene of the Field Experiment

his eye, using image captured by this camera, the system per-
forms image processing. In addition to eyes, he has eye brows,
mouth on his face. He can generate various expression with
these parts. He also has arms so that he can naturally point
the quiz on the whiteboard and he can wave them to encourage
other panelists to answer.

6. FIELD EXPERIMENT

Our field experiment was designed to test the effectiveness of
this system in the day care center. The NANDOKU quiz is one
of the recreations in the care center. This facility is located in
a suburb of Tokyo and serves a key role in community care.
Subjects are three elderly people as main panelists, other el-
derly people as side participants, and about ten care staffs, four
experimenters. Totally about twenty people were in the room.
The experimental conditions are (1) one of the experimenters
roles MC, and (2) one of the care staffs roles MC after a slight
guidance of the system. After the experiment, slight interviews
were held. Subjects’ face expressions, surroundings and robot
vision were recoded with videos.

As a result, almost equal activation effectiveness of two
conditions is observed. Frequency of panelists’ answers and
frequency of smile are observed as almost the same in two con-
ditions. Especially, the utterance variation of each questions got
a huge response. And the care staff who played a role of MC
could operate the system easily with only a short guidance, ac-
tually 1 minute guidance, and got involved in the game. This re-
sult concludes that task based actions and variations of contents,
utterances and gestures in the database, are important in these
activation tasks in group communication. It also concludes that
this communication robot system can be a game media which
naive users such as elderly people can use and participate easily.

7. CONCLUSION

We propose a system participating in and activating a quiz game
and implement it on a conversation robot. By regarding a robot
as a participant in a game, the proposed system enables the robot
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to activate the game. This is a brand new approach with a robot
by focusing on the point that a nifty panelist can activate com-
munication as well as a nice MC.

Our future work includes application of the proposed sys-
tem to other games as well as accuracy improvement of situa-
tion understanding with adopting other sensors and recognition
methods.
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