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Abstract
We propose a communication activation robot and evaluate ef-
fectiveness of communication activation. As an example of
application, we developed the system participating in a quiz-
formed party game called NANDOKU quiz on a multi-modal
conversation robot SCHEMA, and we conducted an experi-
ment in a laboratory to evaluate its capability of activation in
group communication. We evaluated interaction in NANDOKU
quiz game with subjects as panelists using video analysis and
SD(Semantic Differential) method with questionnaires. The re-
sult of SD method indicates that subjects feel more pleased and
more noisy with participation of a robot. As the result of video
analysis, the smiling duration ratio is greater with participation
of a robot. These results imply evidence of robot’s communica-
tion activation function in the party game.
Index Terms: conversational robot, group communication,
communication activation, evaluation

1. Introduction
We develop a robotic system activating a quiz-formed group
communication and evaluate its effectiveness of communication
activation. Most of our daily communication is group commu-
nication, in which several people participate. However, con-
ventional robots and spoken dialogue systems assume one-on-
one communication. This assumption is so strong that most of
developed systems could not be applied to a group communica-
tion directly. There are several robots developed for group com-
munication and analysis of group communication[1][2]. These
studies analysed the functions which robots in group commu-
nication must possess by developing an actual robot. They re-
ferred the results of the analysis by Clark[3] and Traum[4] and
so on. In this paper, we focus on a quiz game which has one
Master of Ceremony(MC) and several panelists and develop a
robot participating in it as one of panelists. In order to make
a game more active, it needs a well experienced MC. If MC is
not good, he can hardly involve participants in the game and
hardly make them answer the quiz. Thus, we developed a robot
participating in the game as one of the panelists and activate the
game[5].

For this activation task, we regard a robot must obey the
rules of the game as well as the rules of group communica-
tion. These rules are important principles for the robot to de-
cide its action. We regard these rules as the hierarchical con-
straints which form layer structure as shown in Fig.2. Partici-
pants should take the most desirable action under the strategy
in the upper layer. However, when this action violates the rules
of the game in the intermediate layer, it must not be executed.
Moreover, the action which does not satisfy the constraints in

Figure 1: Scene of the experiment with a robot
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Figure 2: Hierarchical structure of the constraints of group com-
munication activation.

group communication in the 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.

In this paper, we conduct an experiment in order to evalu-
ate effectiveness of this communication activation system and
analyze its violations that decrease communication activeness.
Kanda et.al. evaluate how robot’s eye gaze effects subjects’ im-
pressions using SD(Semantic Differential) method[6]. Based
on the prior methodology, we evaluate the effectiveness both
subjectively and objectively using SD method and video analy-
sis.

2. System Design
The proposed robot selects the best action to activate the com-
munication at every moment as it satisfies the constraints in pre-
vious section. We define activeness corresponding to a situa-
tion. The best action in this study, is the one which maximizes
this activeness corresponding to given situation. Thus, situation
is defined as related to the activeness. In this study, it consists of
frequency of panelists’ answers, focusing points panelists look
at, facial expression of panelists, and how deep panelists think.
For example, the more answers, and the more smiles mean that
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Figure 3: Overview of communication activation system for a
quiz-formed game

communications are activated the better. The activeness is cal-
culated using these values. The activeness is calculated for each
situation. To be more precise, a certain score for each value of a
situation variable is given and the sum of them is the activeness
of given situation. For each action that robot takes, a function
which expresses how it changes the situation is defined as well
as actual actions robot does. For example, if the robot encour-
ages a participant to answer, he will answer something, and if
the robot says something funny, other participants look at it and
make smiles.

The overview of the developed system is shown in Fig.3.
Among the modules in this figure, Action Selector selects a be-
havior for a robot under the criteria described above. Activeness
Estimator synchronizes with Action Selector and calculates ac-
tiveness for a situation. In this system, we define two kinds of
triggers to trigger the action selection, external trigger and in-
ternal 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 proposed robot can make some reactions to
given quiz, it can look at the answering panelist, and it can an-
swer when it should. internal triggers are generated when ac-
tiveness of given situation becomes lower than the predefined
threshold. Such a kind of situation is often met when none of
panelists answer for a while. By these triggers, the robot can
answer voluntarily and it can encourage a panelist who does not
answer for a while to answer.

3. Experiment
3.1. Experimental Design

We conducted video analysis and SD method to evaluate how
the subjects’ impressions change between a condition with a
robot participating in the game and another condition without a
robot. We have three subjects(A, B, C) at one game. 30 subjects
participated in the experiment in 20 trials. All subjects were
native-Japanese-speaking undergraduate and graduate students
at Waseda University consisting of various major. 9 studied sci-
ence and engineering, 5 studied political science, 5 studied lit-
erature and 2 studied human science. 3 studied education, 2

studied social science, 2 studied law, 1 studied commercial sci-
ence and 1 studied liberal arts.

Subjects were first given a brief description of the purpose
and the procedure of NANDOKU game and instructed a robot
would participate in the game as a panelist. After the instruc-
tion, they were asked to review and sign a consent form. The
experiment was conducted with 3 subjects assigned to 1 group
and we had 10 groups in total. Each group played in the follow-
ing 2 conditions.

In Condition 1, a robot participates in NANDOKU game as
a panelist and an experimenter plays a role of MC. The game
continues for 15 minutes.

In Condition 2, a robot does not participate in NANDOKU
game and an experimenter plays a role of MC. The game con-
tinues for 15 minutes.

5 group out of 10 played with a robot condition (Condition
1) first. The rest played without a robot condition (Condition 2)
first. Two experimenters played a role of MC, who have enough
knowledge of the system. To avoid the effctiveness of difference
of MC in the same groups, each MC was assigned to series of 2
conditions in the same group.

To evaluate the effectiveness of communication activation,
we conducted two kinds of measurements.

Video analysis: We recorded the subjects’ behaviors with
two video cameras. After that, we annotated smiling time
for each subject using ANVIL, the video annotation research
tool[8]. Only one experimenter annotated all video to avoid the
difference in annotation among individuals.

SD analysis: After finishing each condition, they asked to
answer a questionnaire to rate in 30 adjective pairs (in Japanese)
with 1-to-7 scales consisting of “very A”, “a little A”, “rather
A”, “Not sure”, “rather B”, “a little B” and “very B”, which is
based on SD method. Also, they are asked to answer another
free formed questionnaire about impressions of overall interac-
tion.

3.2. Experimental Platform

As the experimental platform of the developed communication
activation system, we introduce the multi-modal conversation
robot “SCHEMA”[7]. SCHEMA is 120[cm] in height and as a
camera on his eye, which is almost same height of sitting down
male’s eye. 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 point the quiz on the whiteboard
and he can wave them to encourage another panelist to answer
naturally.

4. Result
4.1. Video analysis

Similing frequency of subjects’ face is calculated as
(SmilingT ime/TotalT ime) × 100. The average of smiling
frequency in Condition 1 and 2 are 13.2% and 11.1%, respec-
tively. The result proves smiling frequency in condition 1 is
increased compared to condition 2 with both two different MCs
(p < .05).

4.2. SD analysis

Table 1 shows the results of the ratings. The adjective pairs in
the table are translated from Japanese words used in the ques-
tionnaires. The average values are the result of the two con-
ditions of the 30 subjects. The ratings are based on the 1-to-7
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Table 1: Evaluated adjective pairs and the results
Adjacentive Pair Avg.(1) Avg.(2) S.D.
smooth rough 4.50 4.87 1.63
natural unnatural 3.97 5.17 1.54
pleasant unpleasant 5.53 5.13 1.10
substantial insubstantial 5.17 5.30 1.11
cheerful cheeress 5.17 4.97 1.18
warm cold 4.77 4.77 1.27
friendly unfriendly 5.27 5.43 1.26
good bad 5.57 5.37 1.07
open closed 4.77 4.63 1.15
calm stormy 4.73 5.17 1.29
neat messy 4.23 4.70 1.35
orderly disorderly 4.20 5.17 1.38
simple complicated 4.43 4.07 1.36
lively dull 4.80 4.83 1.42
active inactive 4.90 4.10 1.31
relaxed tense 4.70 4.30 1.83
easy uneasy 4.50 4.63 1.39
stressless stressful 4.90 5.03 1.45
casual formal 5.00 4.73 1.44
sociable unsociable 5.30 4.80 1.13
positive negative 5.27 5.00 1.02
light dark 5.37 4.87 0.99
comprehensive incomprehensive 5.33 5.47 1.20
fun gloomy 5.93 5.57 1.05
silent noisy 4.27 5.17 1.22
interesting boring 5.87 5.43 1.22
attractive unattractive 5.57 4.93 1.14
light heavy 5.00 4.57 1.18
conver sable embarrassed 4.80 5.03 1.42
peaceful unpeaceful 4.80 5.03 1.32

Note: The average of each condition (Avg.(1) repre-
sents the average of condition 1, Avg.(2) represents the
average of condition 2) and standard deviations of the
ratings of 30 subjects for 30 adjective pairs. The ratings
are based on the 1-to-7 scale, where 7 on the scale is
very fitted to positive adjectives (shown in the leftmost-
column).

scales, where 7 means fitted positive adjectives very well (ad-
jectives in the leftmost-column in Table 1).

Factor analysis was performed on the SD method ratings
for the 30 adjective pairs. Based on the difference in eigenval-
ues, we adopted a solution that consists of 3 factors. The re-
trieved factor matrix was rotated by a Varimax method in Table
2. We interpreted the factors, by referring to the adjective pairs
that have loadings greater than 0.5 in Table 2. The first factor
was named pleasure factor because several pleasure adjectives,
such as “pleasant” and “cheerful” had high loadings on only the
first factor. Therefore we interpreted this factor represented the
subjects was enjoyed with the game. Since calm adjectives such
as “silent” and “orderly” highly loaded on the second factor, the
second factor was named silence factor. The third factor was
named ease factor because these adjectives represented easi-
ness of the game.

Table 3 provides the average and standard deviations of fac-
tor scores for each condition.

We considered significant differences in each condition us-
ing t-test. The hypothesis that we wish to test are as follows:

Hypothesis 1: Subjects feel more pleased about the
game with a robot whichever experimenter plays a role of
MC.

Table 2: Factor matrix (Varimax rotated)
I II III Communality

pleasant 0.82 - 0.05 -0.02 0.67
good 0.81 0.11 0.24 0.72
fun 0.72 0.10 0.21 0.57
substantial 0.71 0.17 0.12 0.56
cheerful 0.71 - 0.20 0.12 0.56
friendly 0.69 0.32 0.24 0.64
interesting 0.62 - 0.07 0.23 0.45
warm 0.59 0.11 0.29 0.44
attractive 0.56 0.28 - 0.42 0.57
open 0.53 - 0.27 0.37 0.49
light 0.52 - 0.33 0.39 0.52
silent - 0.15 0.71 - 0.09 0.53
calm 0.14 0.64 0.03 0.43
neat - 0.15 0.60 0.11 0.40
orderly 0.10 0.58 0.31 0.44
easy 0.24 - 0.03 0.77 0.65
casual 0.47 - 0.02 0.75 0.79
lively 0.47 0.04 0.64 0.63
stressless 0.30 0.03 0.63 0.49
active 0.30 - 0.20 0.60 0.48
smooth 0.01 - 0.03 0.60 0.34
relaxed - 0.01 0.10 0.57 0.33
airy 0.32 - 0.04 0.55 0.41
sociable 0.48 - 0.15 0.51 0.52
natural 0.14 0.22 0.51 0.33
conversable 0.29 0.16 0.50 0.36
comprehensive 0.15 0.21 0.48 0.29
positive 0.45 - 0.27 0.43 0.47
peaceful 0.19 0.41 0.35 0.33
simple 0.02 0.11 - 0.03 0.01
Variance 6.38 2.53 5.51

Note: The factor matrix retrieved by factor analysis and
Varimax rotation. These factors (I to III) were inter-
preted by referring factor loadings over 0.5 (shown with
boldface), and named pleasure, silence and ease factor,
respectively.

Table 3 indicates subjects feel more pleased about the game
with a robot in the case that experimenter A plays a role of
MC (p < .01 ). There is not significant difference between
two conditions in the case that experimenter B plays a role of
MC. Subjects feel more pleased about the game with a robot
although there is not significant difference in total. Therefore,
the hypothesis has partially been confirmed although the effec-
tiveness depends on experimenters’ abilities.

Hypothesis 2: Subjects feel more noisy about the game
with a robot whichever experimenter plays a role of MC.
Table 3 indicates subjects feel less silent about the game with
a robot (p < .05 ) whichever experimenter plays a role of MC.
Particularly, when experimenter A plays a role of MC, there is
significant difference (p < .01). However, in contrast, As for
experimenter B, there is not significant difference. Therefore,
we can conclude subjects feel less silent, in other words, more
noisy about the game with a robot although the effect depends
on experimenters’ abilities.

Hypothesis 3: Subjects feel more easy about the game
with a robot whichever experimenter plays a role of MC.
Table 3 indicates subjects’ ease factor is decreased with partic-
ipation of robot although the ease factor maintains high level
when experimenter B plays a role of MC because experimenter
B is expert of playing MC in this game. Although ease factor
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Table 3: Comparison of average and deviation of factors in each condition
Robot With Robot Without Robot
MC A B ∗ A B ∗

Num. of sub. 15 15 30 15 15 30
Score pleasure 0.18 0.16 0.17 - 0.55 0.17 - 0.19

silence 0.49 0.25 0.37 - 0.69 - 0.09 0.39
ease - 0.19 0.13 -0.03 - 0.19 - 0.26 0.04

S.D. pleasure 1.03 1.13 1.07 1.10 0.78 1.01
silence 1.29 1.01 1.14 0.83 0.99 0.95

ease 1.07 1.08 1.07 1.00 1.19 1.10

Note: This is the average and standard deviations of the factor scores.
“A” represents experimenter A played a role of MC

and “∗” represents total score and deviation in each condition.

maintains low level when experimenter B plays a role of MC,
the table indicates the ease is slightly increased with partici-
pation of a robot. However, on the whole, there is not signifi-
cant difference between with and without participation of robot.
Therefore, we cannot prove the effectiveness of ease with par-
ticipation of a robot.

From free formed questionnaires, we regard the cause of
this problem as repetition of robot’s utterance and missing its
appropriate timing because these happening violate the con-
straints of group communication.

4.3. Free-formed questionnaire

Regarding the free-formed questionnaire, we asked the subjects
about the following 4 questions in order to clarify the differ-
ences in impressions between with/without robot conditions.

1. Is there any differences between with-robot and without-
robot conditions? Please describe what you were aware
during the interaction.

2. Please describe what you felt both good and bad about
the robot’s behaviors.

3. What other kinds of tasks should robot participate in?
Please describe your ideas if you have.

4. Any other comments

Comments supporting Hypothesis 1 (Pleasure factor):
“Robot’s active utterance allowed the situation to be more live-
lier.” “Robot’s utterances with electric sound felt me jocular.
Also, its utterance that was about some trivia and irrelevant an-
swer caused us big laughter.”

Comments supporting Hypothesis 2 (Silence factor): “It
was completely silent without the robot when three subjects
were silent, but the robot somehow prevented it.” “It seemed
that the subjects’ utterances were increased with the robot.”

Comments supporting Hypothesis 3 (Ease factor):
“Robot’s utterance made me to be ease to speak and express
my emotions.” “I felt easier to laugh and reserved.”

Negative comments: “I felt it’s more natural in without-
robot situation. Robot felt us much more strict.” “I felt it was
more difficult to aware my own timing to speak with the robot.”

These results of free-formed questionnaire and SD method,
each hypothesis was supported. However, the problems of ac-
tivity inhibitions by violations of the constraints of group com-
munication still remain. From the free comments, we assume
that is because of bad timing of robot’s behavior. Therefore, we
will analyze the timing of the each behavior for each situation
as a next step.

5. Conclusion
In this paper, we developed a robotic system activating a quiz-
formed group communication and evaluate effectiveness of
communication activation using video analysis and SD analysis
method. As a result of SD analysis, subjects felt more pleased
and more noisy with participation of a robot. That implies ev-
idence of the robot’s communication activation function in a
party game. However, ease factor in the game was decreased
and that was bottleneck of effectiveness of the system. From
the free-formed questionnaire, we regard the cause of this prob-
lem is because of some violation of the constraints in group
communication. Therefore, future work includes considering a
framework to decrease the violations in group communication
based on this result of evaluation.
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