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Abstract

Objective: We propose a model which predicts patterns of nonverbal behaviors for a successful presentation by a humanoid
robot, especially focusing on two types of the behaviors. One is the nonverbal behaviors of eye-contact with its face and open
postures with arms to keep an attention of an audience who are listening to the presentation. The other is pointing with its hand
and approaching to a screen with a step to emphasis important points on the screen which is used in the presentation.
Methods: We tested the hypothesis that both types of nonverbal behaviors are effective for ensuring better understanding of the
presentation. We prepared four conditions which show high or low tendency in each type of the nonverbal behaviors. A total
of 139 participants observed a presentation by a humanoid robot in a between-subject design and then completed a surprised
test. They also evaluated general impressions of the robot based on a psychological scale which is developed for an evaluation
of humanoids.

Results: We found that both approaches are related to higher scores regarding the audience’s correct understanding of the
presentation, with higher psychological impressions given in relation to utility of the robot and the clearness of the voice of the
robot. Additionally, we found that the behaviors toward a screen is more effective than the behaviors toward an audience in this
case of the presentation by a humanoid robot.

Conclusions: We concluded that both types of the nonverbal behaviors are important for the audience’s correct understanding
and also the behaviors which emphasize the key points in the screen is crucial rather than the behaviors which keep the attentions
of the audience when a humanoid robot gives a presentation. Finally, we discuss the universality of the proposed model for use
with other humanoid robots.
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1 Introduction

1.1 Presentation by service robots

humans and can be realized by pre-programmed motions.

Service robots are increasingly required to conduct social
activities owing to an aging population and a decreasing la-
bor force, particularly in Japan. To realize a robotized soci-
ety in which humans and robots coexist in harmony, we need
to develop new robot technologies and evaluate a robot’s
performance based on human impressions or feelings. This
article focuses on presentation as one of the most feasible
activities by robots because to give information to anony-
mous audience doesn’t need to do flexible interaction with

In this study we regard the robot as a medium to convey the
message of a presentation with the audience listening to the
presentation. The details of our hypothesis are given in the
following sections; however, active promotion emphasizing
both the important words on a screen used in the presenta-
tion and the attention paid by the audience will successfully
enhance the audience’s understanding of the presentation.
As Figure 1 shows, we focus on two important aspects for
a successful presentation of Targets and Contents, therefore
we propose this model as a TC model. By testing the hy-
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pothesis regarding the types of behaviors that allow humans
to understand a core message correctly, we propose this the-
oretical model for effective presentation behaviors in a hu-
manoid especially which has a head, two arms and two legs.

[ Approach to the screen

U

Approach to the audience ]
Successful Presentation
Should have nonverbal behaviors with

both approaches to Target and Contents

« Defined as presentation which enhance
more correct understanding of the
presentation

Figure 1: Nonverbal Behaviors for successful presentation
by a humanoid

1.2 Related works in an engineering field

In order to realize a friendly interface, there is a widespread
attention to put faces, heads, arms, and vocal systems on
robots.[I3] Ref. 4 developed as system for an attentional
control and pattern categorization for constructing atten-
tional maps of the unknown environment and also atten-
tional behaviors of eyes of a robot. In order to find a tar-
get from an entire image, an attention mechanism have been
proposed by using a maximum-likelihood strategy.®! Mod-
eling of a visual attention of robots is one of core factors to
realize the effective making of decisions by robots through
extracting necessary information from the environment.[%”!
To draw human’s attention to the same environment can
make robots generate a situated utterance.’®’ Humans can
communicate with robots which express the attentions ap-
propriately to targets with motions of faces and perform
pointing gestures./®! A virtual agent using speech and ges-
tures was developed to interact with humans in a multimodal
way.[1% Ref. 11 proposed a model which make robot give
a presentation using speech, gaze, and gestures during nar-
ration based on behaviors of human’s presentation. From
single modal to multimodal way, many technologies have
been developed that can make robot convey information to
humans.

Based on these developments, some robots have been intro-
duced in our real social situation such as museums, shop-
ping malls, and so on. The role of the robots is mainly to
communicate information which humans want to know. It
is also necessary to communicate with humans flexibly de-
pending on the situation but this time it is still very difficult
for robots to do it. Therefore, currently one of important
aims is to realize the robot which can convey information
successfully to humans. Previous works as above demon-

58

strated that the attention from the humans and detecting the
targets in the environment are two of most significant factors
in human-robot interaction. This study focuses on the com-
binations of these two factors. In addition, previous findings
suggest that human-like behaviors generated by human-like
appearance help humans to understand what robots intend
to do. Therefore we focus on a humanoid robot’s nonverbal
behaviors during the presentation based on previous find-
ings, especially in relation to a correct understanding and
psychological impressions of an audience.

1.3 Related works in a psychological field

Teaching behavior among humans may serve as a useful ref-
erence for presentation from a humanoid to humans. Social
psychological studies!!> 3 have proposed several points re-
lated to the effective teaching of nonverbal behaviors: the
appearances of teachers and students, gestures and move-
ments, facial expressions, eye contact, voice, proxemics,
touching, seating position, music, and other environmental
conditions. Ambady and Rosenthal!'3! claim that teachers
who are evaluated highly in terms of positive impression,
including familiarity, competence, and expertise, use more
nonverbal behaviors such as walking around, smiling, look-
ing at the students, nodding, and touching. In addition, they
insist that the primary function of these nonverbal behaviors
is to enhance the students’ emotional likability toward the
theme of the class and the teachers themselves. This means
that teachers need to enhance their students’ attention to-
ward their presentations and point out the key points in the
class using effective nonverbal behaviors.

In terms of effective concrete nonverbal behaviors, there are
many factors related to teaching, as mentioned above. Here,
we focus on certain factors that are adoptable to the pre-
sentations of humanoid robots. Humanoid robots have two
arms and two legs just like humans, and, therefore, we can
try to realize as many nonverbal human behaviors as pos-
sible. As stated in ref. 12, 13, eye contact with an audi-
ence seems to be important in involving an audience into a
presentation. An opening of the speaker’s arms to the au-
dience is also useful in keeping their attention.['?! To em-
phasize key points in the presentation, we make the robot
come closer to a screen and point the important words on
the screen. In the context of this study, touching a listener is
physically dangerous, and we therefore do not consider such
behavior at this time. In addition, facial expressions are not
manipulated as the humanoid robot used in this study can-
not show such expressions. Other conditions such as voice,
music, and environmental issues are controlled. Finally, the
seating position of the audience is taken into consideration
in this analysis.

Finally, we describe below the effective nonverbal behaviors
for successfully conveying a main message to an audience.
We view the robot as a medium to combine the message
on the screen with the audience itself. We then focus on two
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aspects: an approach for maintaining audience attention and
involving them in the presentation, and an approach for em-
phasizing an important message displayed on a screen. We
manipulated both approaches and hypothesized that taking
both approaches enhances correct understanding in the au-
dience more than taking no approach (see Figure 2, Cond.
TC vs. Cond. tc). We then explored which approach is
more effective for a correct understanding (Cond. T'c vs.
Cond. tC).

‘nl Big letter; Tand € |
k [highertendency to express either J
C e

tC approach in nonverbal behaviors

tc lower tendency to express either
approach in nonverbal behaviors

| Lower-case letter; tand € |

& Tc

Figure 2: Two sides of presentation behavior (I'C, T'c, tC,
and {c means a combination of
Target-oriented/Contents-oriented behaviors) and a
Proposed TC model and four comparable conditions in this
study

1.4 Effect of presentation order

It is well known in the social psychological field that there
are two biases by orders of presentation that are effective
in helping an audience memorize information. One order
utilizes a primary effect in which people memorize more
information appearing in the initial phase of the presenta-
tion than in the latter phases.['*1%! Conversely, the recency
effect states that people retain more information from the
most recent phase than from the previous phases. Although
the time span of the presentation is not specified, the be-
ginning and end sections of the presentation tend to better
remembered overall than the middle phases. We deemed it
necessary to consider this order effect in this study, and we
divided the presentation into 3 phases.

2 Methods

2.1 Participants and presentation

A total of 139 people from their 10s to 60s (mean age, 39.57;
SD = 15.85; 67 male and 72 female) participated in this ex-
periment. We used ASIMO as an example of a humanoid
robot. The presentation for phase 1 is the self-introduction
of the robot, phase 2 is the presentation of a “Beach Clean
Activity” by Honda regarding the use of machines to clean
a beach, and phase 3 is made up of other social activities by
Honda regarding supporting of child education and environ-
ment conservation. The overall length of the presentation
was about 10 min, and each phase lasted around 3 min. The
contents of the presentation are from Honda’s standard robot
demonstration.

Published by Sciedu Press

2.2 Measurements

In this experiment, we measured the audience’s understand-
ing of the presentation, their impressions of the robot af-
ter observing the presentation, and their buccal secretions,
which were taken three times (before the presentation, after
observing of the presentation, and after the final phase of
the presentation). However, buccal secretion is not the main
issue of this study, and we therefore present these results in
another report. Finally, the experiment was videotaped. We
will additionally investigate eye-contact toward the robot,
the screen, and elsewhere in relation to the understanding of
the presentation.

2.2.1 A surprised test for correctness of understanding
of an audience

To test correct understandings of participants, it is important
to control residual variables as much as possible. We didn’t
make the announcement to participants that they would be
tested about the contents of the presentation. They were just
told to observe the performance of a robot and to complete
some questions about subjective impressions of the robot.
To give a surprised test after the observation without any
notice, we measure the effect of nonverbal behaviors on
their correct understanding of the presentation comparing
four conditions.

The test used for measuring the audience’s understanding of
the presentation is composed of 11 questions, 2 questions
for phase 1, 7 questions for phase 2, and 2 questions for
phase 3, which are as follows: (1) the reason for the size
of the robot, (2) sensor placement for avoiding obstacles,
(3) start time of the Beach Clean Activity, (4) number of
beaches cleaned under the Beach Clean Activity, (5) per-
sons or groups executing the Beach Clean Activity, (6) ac-
tivity name, (7) how to perform the Beach Clean Activity,
(8) the reason for conducting the Beach Clean Activity, (9)
Honda’s hopes regarding the outcome of the Beach Clean
Activity, (10) reasons for saving the environment, and (11)
Honda’s hopes regarding supporting of child education. (6)
and (9) were free descriptions and others are selective ques-
tions from 3 to 5 items.

2.2.2 Psychological impressions to a robot

Although the main variable of this study is audience under-
standing, their psychological impressions were also mea-
sured to determine their perception of the robot’s presenta-
tion. We used a PHIT-24,'7! which is composed of 9 dimen-
sions, to evaluate the general impressions of the humanoid
robots from the viewpoint of an ordinary user. Ref. 17 re-
vealed basic perspectives which are used by ordinary people
to evaluate humanoid robots then developed the humanoid-
oriented psychological scale to quantify general impressions
based on the perspectives. The basic dimensions of the scale
are Familiarity, Repulsion, Utility, Performance, Motion,
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Voice, Sound, Humanness, and Agency (see Table 1). A
PHIT-24 has 24 items and uses a 7-point Likert scale of 1
(strongly disagree) to 7 (strongly agree).

Table 1: Nine factors of the psychological impressions

Category Contents of descriptions
Familiarity General likes of robots, motions, and designs
Anxiety or sense of aversion about humans being
Repulsion replaced by robots in terms of work or existence
itself
Utility Clear aims of robots’ work, usefulness, and cost
High performance including interactions,
Performance . . .
sensations, and intelligence
. Smooth, natural, and dynamic motions or stability
Motion .
and balance of motions
Voice Clearness of voice
Sound Soft sound of motors
General humanness including designs, motions, and
Humanness .
voice
Agency Own will and mind

We asked about both the audience interest in the content of
the presentation and their advance knowledge regarding the
content, as both are thought to have a relationship with an
understanding of the presentation. The question regarding
audience interest in the content focused on how much they
usually consider environmental issues such as beach clean-
ing activities. The question regarding their advance knowl-
edge of the content focused on how much they are already
familiar with Honda’s Beach Clean Activity.

2.2.3 Manipulation check

To test manipulation of nonverbal behaviors (explained be-
low), based on a 7-point scale, we asked the participants (1)
their perception of the extent of the robot’s eye contact with
them, (2) their perception of the extent of the robot’s eye
contact with the audience in general, (3) extent of robot’s
eye contact with the screen, and (4) accuracy of the robot in
pointing important words on the screen. Questions (1) and
(2) were used to determine the manipulation approach with
the audience, and (3) and (4) were used to determine such
approach for the screen.

2.3 Manipulation of nonverbal behaviors

To realize four conditions (T'C, T'c, tC, and tc) which reflect
high and/or low tendency in both behavioral approaches to-
ward the audience of the Target and the Content of the pre-
sentation, we manipulated the nonverbal behaviors as fol-
lows.

We manipulated the high tendency of the behaviors oriented
to the target (1') as to indicate eye contact with the audi-
ence and an open posture. The behaviors were distributed
to six participants evenly (see Figure 3). During the expla-
nation of the contents, the robot looked at the participants
in sequence and extended its arm and hand then spread it
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wide toward the all participants (1 and 2 in Figure 4). The
high tendency of the behaviors oriented to the content (C)
was deemed as pointing to important words on the screen
and making eye contact with these words and also going a
single step toward the words on the screen. The robot took
another stride toward the screen and showed the direction of
the key words with the hand looking at the screen (3 and 4
in Figure 4).

Figure 3: Observation location used for the robot’s
presentation

Figure 4: Nonverbal behaviors in each condition

In the T'C' condition, the robot did all behaviors from 1 to
4 in Figure 4. In case of the 7T'c condition, the robot did 1
and 2 in Figure 4 and during the time the robot of the 7'C
condition would do 3 and 4, the robot faced forward but
only repeated motions such as head rolls to the right or left,
opening and closing of straight arms right next to the body,
rolling the waist to the right or left. The robot of the ¢tC' con-
dition did 3 and 4 in Figure 4 and during the time the robot
of the T'C condition would do 1 and 2, the robot faced at
the screen but only repeated motions of head rolls, opening
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and closing of straight arms, rolling the waist, as in the T'c
condition.

The point for the comparison is not the difference in the
quantity of the behaviors, but in the quality of behaviors.
Therefore, to make behaviors of the tc condition which
should reflect no orientations either to the target and the
content, we use the same parts of the body. The motions
are made not to reflect meaning such as 1, 2, 3 and 4 in Fig-
ure 4. The robot looked between the audience and the screen
and repeated motions such as head rolls to the right or left,
opening and closing of straight arms right next to the body,
rolling the waist to the right or left, and opening and closing
of the legs (5 and 6 in Figure 4).

2.4 Procedure

One experiment included 6 participants, each sitting in a
box separated by partitions (see Figure 3). The facilitator
of the experiment explained the entire procedure, and the
participants signed a letter of consent. After signing, they
gave a sample of their buccal secretion using a special tip.
This took less than one minute. They observed the robot’s
presentation and gave another buccal secretion. They then
completed a surprised test of 11 questions regarding the pre-
sentation. The time given for answering this test was limited
to four minutes. After answering the test, they completed a
questionnaire, which included the PHIT-24 and their inter-
ests in the content of the presentation and advance knowl-
edge regarding the content. Finally, they gave a third buccal
secretion sample.

3 Results
3.1 Manipulation check

Two items for manipulation check, approaching the audi-
ence and the screen, were averaged. To investigate the
manipulation of nonverbal behaviors among the conditions
one-way ANOVA was conducted for both variables. A sig-
nificant difference among the conditions for approaching the
audience was found (F (3, 135) = 34.34, p < .001).

P value is less than .001 and F' value is large enough. It was
concluded that there is a significant difference among the
four patterns of presentation. Then in order to reveal which
pair of four patterns significantly differ from each other, we
conducted Tukey’s Honest Significant Difference test. The
results are described in Figure 5.

Cond. T'C is recognized as a greater approach toward the
audience than Cond. tC and Cond. T'c, while Cond. T'c is
recognized as a greater approach toward the audience than
Cond. tC and Cond. tc. This means that the manipula-
tion is successful for approaching the audience. Cond. tc is
recognized as a greater approach toward the audience than
Cond. tC. The repeated motions of the robot’s face in Cond.
tc could be viewed as relative eye contact.

Published by Sciedu Press

A significant difference among the conditions for the manip-
ulation in approaching the screen was also found (F (3, 135)
=20.49, p < .001). Tukey’s Honest Significant Difference
test also showed significant differences, which are given in
Figure 6. Cond. T'C'is recognized as a greater approach
toward the screen than Cond. T'c and Cond. tc. Cond. tC
is recognized as a greater approach toward the screen than
Cond. T'c and Cond. tc. This means that the manipulation
used for approaching the screen was also successful.

p<.001
! p<.001 '

7.00 p<.001 p<.001 p<001
g r 1T Ul 1
£ 6.00
g
= 5.00
]
= 1 Score of approach
= 4.00 .
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o
2 3.00
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@
s 2.00
A
v

1.00 ald I L

TC tC Tc tc
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Figure 5: Manipulation check for approaching audience
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Figure 6: Manipulation check for approaching screen

3.2 Correlation between test regarding audience
understanding of presentation and other vari-
ables

Four variables were used for the test: the number of cor-
rect answers for all 11 questions, the correct rate of phase
1, correct rate of phase 2, and correct rate of phase 3. The
placement of the seat was also considered in the analysis.
The mean score and SD are shown in Table 2, and the cor-
relation was calculated as shown in Table 3.
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Table 2: Mean score and SD

3.3 Order effect

Variables M SD We conducted an analysis of covariance for the correct rate
o o sent 16 081 to investigate the effect of phase control in terms of sex, age,
acement o ' ' seat placement, and knowledge about the content, which are
Number of correct 6.94 148 correlated with the correct rate. We found a significant order
ANSWers effect (F(1.85, 248.10) = 4.91, p<.01) and the differences in
Correct rate of phase1  0.83 0.26 Fisher’s Least Significant Difference Test are indicated in
Correct rate of phase2  0.50 0.17 Figure 7.
Correct rate of phase3  0.89 0.22 p<.05
Interest inthe content ~ 3.34 1.82 poo  Prod)
1.00
Knowledge about the 355 171
content
0.80
Note. Score of seat placement ranging from 1 to 3, where a higher score indicates lesser @
distance from the center of the 6 seats. § 0.60
s
= u Mean score
0.40
of correct
rate
020
Table 3 shows that older people had fewer correct answers,
- o . . 0.00
and participants who were 51.tt1ng on the relatlv.e cgnter of six irvadviianl Barsirindt: Covac rilnst
seats. had more correct rate in phasg 2. The significant cor- Psn — Phasad
relation between knowledge regarding the content and the
number of correct answers or correct rates of phases 2 and 3 Phase
indicates that participants who were more familiar with the )
content in advance paid less attention to the presentation. Figure 7: Correct rate during each phase
Table 3: Correlation among variables
Age PS N of CA CR of P1 CR of P2 CR of P3 | K
Sex .00 -.08 -.12 -.03 -.08 -15" .08 -.13
Age -.08 -157 .02 -21" .03 .09 -.07
PS 12 .00 16" -.02 .06 .02
N of CA 497 88" 427 -10 -207
CRof P1 14 .09 -13 .01
CR of P2 13 -.06 -197
CR of P3 -.01 -15'
I -28"

Note. tp<.10, *p<.05, **p<.01, PS is “Placement of seat,” N of CA is “Number of correct answers,” CR of P* is “Correct rate of Phase*,” | is “Interest in the content,” and K is “Knowledge about the

content.”

3.4 Test of audience understanding of the presen-
tation among the conditions used

We found significant correlations between the number of
correct answers and age and knowledge of the content, and
therefore to control these variables, an analysis of covari-
ance was performed for the number of correct answers. We
found no significant difference.

An analysis of covariance was performed for the correct rate
of phase 1, which also showed no significant difference.
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We found significant correlations between the correct rate
in phase 3 with sex and knowledge about the content, and
therefore to control these variables an analysis of covariance
was performed for the correct rate of phase 3. We found no
significant difference.

For the correct rate of phase 2, there is a significant corre-
lation with age, seat placement, and knowledge about the
content. Controlling these variables, we performed an anal-
ysis of covariance for the correct rate of phase 2 and found
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a significant difference among the conditions (F (3, 132) =
3.19, p<.05). The differences from Fisher’s Least Signifi-
cant Difference Test are shown in Figure 8.

1.00 p<.05
]
0.90 p<.01
0.80 —_—
w 070 [
-3
£ 060
[=9
o 050
jud
T 040 m Correct rate
"5- of Phase2
Y 030
020
0.10
0.00
TC tC Tc tc
Condition

Figure 8: Correct rate for phase 2

Figure 8 shows that Cond. 7'C' had a significantly higher
rate of correct answers than Cond. tc. This means that ap-
proaching both the audience and the screen are significantly
effective for audience understanding during the middle of
the presentation compared with when neither approach was
used. Cond. T'C then had a more correct rate than Cond.
Tc. This means approaching the screen and emphasizing
important points has an effect on the audience’s understand-
ing of the presentation when a robot gives a presentation.
The difference between Cond. ¢C' and Cond. Tc sug-
gests that approaching the screen is more important than
approaching the audience in terms of making the audience
understand the presentation correctly.

As psychological studies predicted,!'* ! there are two
types of order effects and participants tended to maintain
memories of both beginning and ending of the presentation.
The significant difference in phase 2 means that the both ap-
proaches toward the audience and the screen have effects on
the middle time of the presentation when people tend to lose
their attention to the presentation.

3.5 Correlation among psychological impressions,
sex and age

There are nine dimensions regarding the psychological im-
pressions of the audience. The placement of the seat is also
considered in the analysis. We assumed that a subjective
evaluation of the presentation would affect the viewer’s psy-
chological impressions. The mean score and SD of the 9
dimensions and subjective evaluation are shown in Table 4,
while the correlation was calculated as shown in Table 5.
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Table 4: Mean score and SD

Variables M SD
Familiarity 5.75 1.08
Anxiety 2.56 141
Utility 5.62 1.27
Performance 5.70 1.02
Motion 4.60 127
Voice 4.88 152
Sound 461 1.68
Humanness 354 142
Agency 3.16 1.62
Table 5: Correlation among variables

Sex Age
Familiarity 13 003
Anxiety -.04 .32
Utility 16" .04
Performance 12 =217
Motion 14 .03
Voice 15" .06
Sound 24" 22"
Humanness .01 A1
Agency 307" -20"

Note. Tp<.10, *p<.05, **p<.01, ***p<.001

Table 5 shows that sex and age are significantly related to
psychological impressions, as well as to the audience’s un-
derstanding of the presentation. In following analyses, we
controlled variables which correlate with factors of impres-
sions.

3.6 Psychological impressions

We controlled the variables that are significantly related to
the psychological impression of each dimension according
to the results in Table 5, and conducted an analysis of co-
variance for the scores of psychological impressions for the
nine dimensions. We found a significant tendency toward a
difference among the conditions for Utility and Voice, and
no significant differences in the other dimensions.

For Utility, there is a significant tendency toward a differ-
ence among the conditions (F (3, 133) = 2.439, p < .10).
The results of a Fisher’s Least Significant Difference Test,
shown in Figure 9, highlight these differences.

Utility means how much the robot is useful as an instrument
from user’s perspective. Cond. T'C' was evaluated higher in
terms of Utility than Cond. tc. This means that approach-
ing both the audience and screen are significantly effective
for impressions of Utility compared with when neither ap-
proach is used. Thus, Cond. T'C' has a higher evaluation
of Utility than Cond. T'c, and Cond. ¢C has a higher eval-
uation of Utility than Cond. tc. This means that both ap-
proaching the audience and the screen make the robot eval-
uated as more useful in terms of subjective impressions. The
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difference between Cond. tC and Cond. T'c suggests that
approaching the screen is more important than approaching
the audience in terms of a higher evaluation of Utility.

p<.05
f p<.10 !
<.05
p<.10
7.00 -
6.50
>
£ 6.00
=
5 550 m Utility
g
s 5.00
A
4.50
4.00
3.50
3.00
TC tC Te tc
Condition

Figure 9: Psychological impression of Utility for each
condition

For Voice, there is a significant tendency toward a difference
among the conditions (F (3, 133) = 2.38, p < .10). The re-
sults of a Fisher’s Least Significant Difference Test, shown
in Figure 10, highlight these differences. Voice reflects the
impression of clearness or understandability of the robot’s
voice. Cond. T'C'is evaluated higher than Cond. c in terms
of Voice. This means that approaching both the audience
and the screen is significantly effective for impressions re-
garding the Voice of the robot compared with when neither
approach is used. Cond. ¢C has a higher evaluation of Voice
than Cond. tc. This means that approaching the screen was
deemed to making it easier for the audience to understand
the robot’s voice.

p<.05
r 1
<.05
7.00 !p—|
6.00 -
@ 500 -
°
>
s
@ 400 - m Voice
o
A
3.00 -
2.00
1.00 .
TC tC Tc tc
Condition

Figure 10: Psychological impression of Voice for each
condition
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Although we used the same voice for every condition, the
audience impression of the robot’s voice is different among
the conditions. This implies that an understanding of what
the robot is saying is relatively dependent on nonverbal be-
haviors. In particular, the nonverbal behaviors under Cond.
tc are simply repetitions of meaningless behaviors, and the
timing of these behaviors do not match with what the robot
is saying. Considering the Voice results, it seems important
to match nonverbal behaviors with the spoken lines for a
better understanding of the robot’s voice.

The other dimensions did not show any significant differ-
ences; however, we dealt only with the presentation, which
was the robot’s task. Considering social or business aspects
of the presentation, other dimensions such as familiarity or
humanness did not seem to be affected by the conditions
used in this study. Performance was thought to be related to
the conditions; however, as the robot we used is quite well
known, there seems to be no significant difference among
the conditions.

3.7 Eye-contact from participants

Additionally, we investigate the time of eye-contact toward
the robot, the screen, and elsewhere from the participants.
We aim to clarify the effects of conditions on the eye-contact
of participants and also relationships between the correct
rate of the surprised test and participants’ eye-contact.

We counted the time of eye-contact toward the robot, the
screen and elsewhere from the videotape. We found signif-
icant correlations between the time of eye-contact and sex,
and therefore to control the variable, an analysis of covari-
ance was performed for the time of eye-contact toward the
robot, the screen and the elsewhere. We found no significant
difference for .the time of eye-contact toward the screen and
the elsewhere but the robot (F (3, 36) = 6.25, p<.01).

As Figure 11 shows, Cond. T'C' and T'c have longer time of
eye-contact toward the robot from participants than Cond.
tC and tc. It seems that the robot’s nonverbal behaviors
related to the approach to the audience enhance the eye-
contact from participants toward the robot. However, Fig-
ure 8 revealed that Cond. ¢C has higher correct rate of the
test than Cond. T'c. It is possible that too much nonver-
bal behaviors of a robot that enhance attentions of the par-
ticipants gather their attentions not to the screen but to the
robot. When a robot gives a presentation, such behaviors
might prevent participants from understanding the presenta-
tion. This result suggests that nonverbal behaviors related
to the screen is more helpful for the audience to understand
the presentation in case that a robot convey information to
humans.

Then, we analyze the correlation between the eye-contact
and the correct rate of the surprised test (see Table 6). The
result of correlation didn’t show the significant relationships
between the eye-contact to the screen and the correct rate.
But the eye-contact to elsewhere tend to decrease the num-
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ber of correct answers and the correct rate of phase 1. It
seems important to keep attention to the place of presenta-
tion and also as seen above, the attention to the screen seems
more important to the correct understanding considering the
result of Figures 8 and 11.

p<.03

p<10
300.00 f

p<.001 p<bOn
250.00 f ‘ '
200,00

m Eye contactto robot

100.00

Time of eye contact to robot

50.00

TC tC Te t

Condition

Figure 11: The time of eye-contact toward the robot for
each condition

Table 6: Correlation among variables

Eye contact Eye contact Eye contact to
to the robot tothescreen  elsewhere
Number of
correct -.02 -15 -27
answers
Correct rate of 06 10 o7t
phase 1
Correct rate of 02 11 21
phase 2
Correct rate of
.04 -.09 .06
phase 3
Note. Tp<.10

4 Discussion

This study focused on a presentation given by a humanoid
robot as an example of social activity, and tested the hy-
pothesis that approaching both the audience and the screen
are effective for understanding of the content of a presenta-
tion. Considering the order effect of memories, we found
that both approaches are related to a higher rate of correct
answers regarding the presentation and a higher psycholog-
ical evaluation in relation to Utility and Voice.

The results support the effectiveness of the TC model de-
scribed in this study (see Figure 12). This model sees the
robot as a medium connecting the audience with the con-
tent of the presentation. It is important for this medium to
connect them both smoothly and successfully. Therefore,

Published by Sciedu Press

we compared approaching the audience with approaching
the screen at high and low levels, and determined that both
approaches can enhance the correct understanding for the
audience. Additionally, both provide a higher evaluation of
the robot’s utility for humans and make it is easier for audi-
ences to understand what the robot is saying.

As psychological studies predicted, participants in this study
also showed both primacy and recency effects on memories
of the presentation. The results revealed that the proposed
model in this study is effective in the middle time of the pre-
sentation when people tend to divert their concentrations.
These order effects are universal phenomenon for humans,
therefore it is important that results proved the effectiveness
of the model in the time when people decrease their concen-
trations.

.l Correct understanding: TC> tC>Tc=tc |

& TC tC | Impression of higher utility: TC, t€>Tetc |
Tc tc | Impression of clearer listening: TC, tC >tc |

Figure 12: Proposed TC model of nonverbal behaviors in
Humanoid

The results between Cond. tC' and Cond. T'c suggest that
approaching the screen is more important for a successful
presentation than approaching the audience. Humans might
pay attentions to a robot than when humans (teachers) give
presentations, considering the robot is still new to them. It is
supposed to more effective to emphasis the contents on the
screen rather than to keep attentions of the audience in case
that a robot gives a presentation. In addition, the effective-
ness of presentation by robots should be validated through
the comparison between robot’s presentation and human’s
presentation. This is because this study regards the robot as
the replacement of the humans. We haven’t compared the
human-human interaction with this study yet but a future
research will reveal this difference.

Additionally we used only one robot as the first step. It is
necessary that an investigation into the TC model be appli-
cable to other humanoid robots. There is also the room for
investigating the possibility to expand this model to other
devices such as big arrows on the screen to emphasize the
important words or flashing lights to keep the attentions of
the audience. This study deals with TC model as a psycho-
logical model but it is significant to reveal generality of TC
model for such other devices and robots.

Acknowledgements
This work was supported by JSPS KAKENHI Grant Num-
ber 26705008 and 25119505.

65



www.sciedu.ca/air

Atrtificial Intelligence Research

2014, Vol. 3, No. 2

References

(1]

(2]

(3]

[4]

(31

(6]

(7]

(8]

66

T. Kanda, T. Miyashita, T. Osada, Y. Haikawa and H. Ishig-
uro, Analysis of Humanoid Appearances in Human-robot In-
teraction, IEEE Trans. on Robotics. 2008; 24: 725-735.
http://dx.doi.org/10.1109/TRO.2008.921566

T. Kanda, H. Ishiguro, M. Imai, and T. Ono, Development and Eval-
uation of Interactive Humanoid Robots, in Proc. the IEEE (Special
issue on Human Interactive Robot for Psychological Enrichment).
2004; 1839-1850.

S. Negi, T. Arai, K. Inoue, Y. Ujiie, T. Takubo, Psychological As-
sessment of humanoid Robot Appearance and Performance Using
Virtual Reality, in Proc. 17th IEEE International Symposium on
Robot and Human Interactive. 2008: 719-724.

Garcia, L.M., Oliveira, A.A.F., Grupen, R.A., Wheeler, D.S.,
Fagg, A.H., Tracing patterns and attention: Humanoid robot
cognition, IEEE Intelligent Systems. 2000; 15(4): 70-77.
http://dx.doi.org/10.1109/5254.867915

H. Tagare., K. Toyama., Jonathan G. Wang, A Maximum-Likelihood
Strategy for Directing Attention during Visual Search, IEEE TTrans-
actions on Pattern Analysis and Machine Intelligence. 2001; 23(5):
490-500. http://dx.doi.org/10.1109/34.922707

L. Itti, C. Kock, e. Niebur, A Model of Saliency-Based Visual
Attention for Rapid Scene Analysis, IEEE Transactions on Pat-
tern Analysis and Machine Intelligence. 1998; 20(11): 1254-1259.
http://dx.doi.org/10.1109/34.730558

Vijayakumar, S., Conrad, J., Shibata, T., Schaal, S, Overt visual at-
tention for humanoid robot, Proc. of Int. Conf. on Intelligence in
Robotics and Autonomous System (IROS 2001). 2001: 2332-2337.
Imai, M., Ono, T., and Ishiguro, H. Physical relation and
expression: Joint attention for human-robot interaction. IEEE

[9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

Transactions on Industrial Electronics. 2003; 50(4): 636-643.
http://dx.doi.org/10.1109/TIE.2003.814769

M. Bennewitz, F. Faber, D. Joho, M. Schreiber, and S. Behnke, To-
wards a humanoid museum guide robot that interacts with multiple
persons, in in Proc. of the IEEE/RSJ Int. Conf. on Humanoid Robots
(Humanoids2005).2005: 418-423.

S. Kopp and I. Wachsmuth. Model-based animation of coverbal ges-
ture. In Proc. of Computer Animation, 2002.

C. M. Huang and B. Mutlu, Learning-Based Modeling of Multi-
modal Behaviors for Humanlike Robots, ACM/IEEE Conference on
Human-Robot Interaction (HRI2014). 2014: 57-64.

Richmond, V. P. Nonverbal communication in the classroom, 2nd
ed. Acton, MA: Tapestry. Press. 1997

Ambady, N., & Rosenthal, R. Half a minute: Predicting teacher eval-
uations from thin slices of nonverbal behavior and physical attrac-
tiveness. Journal of Personality and Social Psychology. 1993; 64(3):
431-441. http://dx.doi.org/10.1037/0022-3514.64.3.431

Atkinson, R. C, & Shiffrin, R. M. Human memory: A proposed sys-
tem and its control processes. In K. W. Spence & J. T. Spence (Eds.),
The psychology of learning and motivation: Advances in research
and theory. 1968; 2: 89-195. San Diego, CA: Academic Press.
Glanzer, M. Storage mechanisms in recall. In G. H. Bower (Ed.),
The psychology of learning and motivation: Advances in research
and theory. 1972; 5: 129-193. San Diego, CA: Academic Press.
Murdock, B. B. The serial position effect of free recall.
Journal of Experimental Psychology. 1962; 64:  482-488.
http://dx.doi.org/10.1037/h0045106

H. Kamide, K. Kawabe, S. Shigemi, and T. Arai Devel-
opment of a Psychological Scale for General Impressions
of Humanoid, Advanced Robotics. 2013; 27(1): 3-17.
http://dx.doi.org/10.1080/01691864.2013.751159

ISSN 1927-6974 E-ISSN 1927-6982



	Introduction
	Presentation by service robots
	Related works in an engineering field
	Related works in a psychological field
	Effect of presentation order

	Methods
	Participants and presentation
	Measurements
	A surprised test for correctness of understanding of an audience
	Psychological impressions to a robot
	Manipulation check

	Manipulation of nonverbal behaviors
	Procedure

	Results
	Manipulation check
	Correlation between test regarding audience understanding of presentation and other variables
	Order effect
	Test of audience understanding of the presentation among the conditions used
	Correlation among psychological impressions, sex and age
	Psychological impressions
	Eye-contact from participants

	Discussion

