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Abstract. In this paper, we introduce a haptic message-robot which
gives user-friendly physical contacts while it tells message to the user.
This robot is expected to help elderly people who need outings but have
anxiety. The pervasive support of the robot via network will provide the
user a human-like service as though it were a real caregiver. The system
makes haptic stimili corresponding to the user’s clothing and posture.
We investigated two types of implementations: the first implementation
combines haptic stimili and anthropmorphic motion to express the phys-
ical contact, and the second one is an simplified system for application
on smartphones to provide ubiquitous services. The subjective evalua-
tions in a course with two diverges showed the effectiveness of both the
robot’s motion and the haptic stimuli on the intelligibleness and affective
communication.

1 Introduction

Since there have been many ubiquitous and pervasive services via smartphones
for users who are outing, it is important to provide services in appropriate man-
ner for each user. Those devices have touch screens for an intuitive input method.
Touch screens are intuitive way of visual-tactile interaction, but at the same time,
there have been several reports on the dangers of the users who are walking dur-
ing use. On the other hand, elderly people often have difficulties to use touch
screen in looking for applications. Thick and small interface sometimes causes
confusion to them.

In our outings, our needs for information are focused on i) push services such
as email messages and ii) locational or directional services. For children, these
devices can provide various messages from her/his mother, friends, and unusual
information around the place at the same time. If an integrated system can
provide all information in a comfortable and common manner to be easy to
understand, not only small children or elderly people but also normal adults do
not need to bother themselves about treatments of their devices.

To solve these problems in outings, we propose an integrated service manner
by a wearable robot for anthropomorphic support like a partner. The anthro-
pomorphism have been discussed for familiar and communicative systems [1].
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A partner robot can provide comprehensive information by anthropomorphic
expression. We adopted a simultaneous expression of both the physical contacts
from the robot to the user and the whispering vocal utterance for private com-
munication. At the same time, the robot makes its bodily motions corresponding
to the physical contact. The anthropomorphism is expected to give users an in-
tegrated communication manner for various types of ubiquitous services. The
system is covered by a stuffed animal to make anthropomorphic stimuli from
the device. We also tried to develop a simplified system for popularization on
the public uses. User’s posture and situation are also one of the important fac-
tors to determine the appropriate timing and strength of the physical contacts.
So we implemented the robot with a sensor device with 3D accelerometer and
3D compass. In simulating the real use in outings, we evaluated the effectiveness
of the physical contact by the proposed system in a course with two diverges.

2 Related Research

There have been various approaches on haptic representations for mobile de-
vices. The vibration stimuli on the touchscreens of mobile devices [2, 3, etc.],
vibro-tactile devices [4–6, etc.], gyro moment [7, 8, etc.], and a combination of
skin stretch and vibro-tactile stimuli [9] were proposed not only as push-type
notifications but also as interactive feedbacks and directional indicators. Com-
bination with other modalities is expected to provide realistic communication
during the user’s outings.

On the other hand, many researches have tried to anthropomorphize various
information and artificial presences for familiar communication and user’s un-
derstandings. The facing, gazing and pointing gestures of the robots and agents
showed large effectiveness [10–13, etc.]. Tactile communications between an ar-
tificial presence and a human have also been developed to accommodate input
from a user, such as physical interactions from the user toward the pet robots[14].
In order to facilitate an affective communication between human and robot, we
propose to incorporate the opposite direction of the usual flow of human-robot
tactile communication.

Since anthropomorphized modalities in communication-media [15, 16, etc.]
can enrich human-human communication, Kashiwabara et al. have proposed a
small, wearable avatar robot on the user’s shoulder citeimai12. In our research,
we aim to anthropomorphize haptic stimuli as physical contact and adopt them
to a wearable message robot to enable the intelligible and affective expression
as though the robot were touching the user. As a first step, we combined haptic
stimuli and simultaneous anthropomorphic behaviors of the robot in order to
generate the robot’s physical contact.

To provide various messages from the robot to the user in each appropriate
manners, the system needs to understand the user’s context. There are many
methods of the context recognition based on her/his bodily motion using ac-
celerometers [18–20, etc.]. In order to recognize the user’s activity such as “stop-
ping”, “walking”, or “running”, we employed an 3D accelerometer and an 3D
compass inside the agent.
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3 System Implementation

In order to provide ubiquitous services in familiar, intuitive, and intelligible
mannar, we adopted a partner-like anthropomorphic presence. For delivering a
familiar partner robot especially for children or elderly people, the robot was
placed at the user’s right arm to show the attitude of the robot as though it
cuddles up to the user in the same way that caregivers.

3.1 Preliminary Tests for the Adequate Fixing Place

It is important to design the appropriate fixing place of the robot on the user’s
body. The design should be considered from the viewpoints of both the intel-
ligibleness of the physical contact message and the comfortable place during
the user’s outing. The placements should be considered by the safeness and the
user’s sensitivity for the haptic stimuli in recognizing the physical contact form
the robot. Head or neck are not adequate places to show the robot’s presence to
the user, and lower arms or lower legs are not adaptive while the user is walking.
Accordingly we considered four places; shoulder, berry, upper arm, and ham.

As a preliminary test for the placement design of the robot, we conducted a sub-
jective evaluation for the four types Figure 1. For each placement of a stuffed toy,
the participant made an evaluation using a five-point rating scale of the relevance
(5: very relevant, 4: somewhat relevant, 3: even, 2: somewhat irrelevant, 1: irrele-
vant) of the following statements:

p-Q1 It was easy to look at the robot.

p-Q2 You felt as though the robot looked at you.

p-Q3 You felt affection to the robot.

p-Q4 The robot seemed to feel afefction to you.

p-Q5 It was easy to walk with the fixed robot.

p-Q6 You felt as though the robot were sharing time with you.

p-Q7 You were relieved with the stuffed toy.

p-Q8 The robot seemed to be relieved with you.

p-Q9 You felt embarrassed with the fixed robot.

Figure 2 illustrates the means opinion scores (MOS). The results of ANOVA
with repeated measurements are shown in Table 1. From the results of ANOVA
among four conditions, the most actual and reasonable place was the arm. The
p-Q3, p-Q4, p-Q6, p-Q7, and p-Q8 are regarded as the emotional evaluations,
and p-Q1, p-Q2, p-Q5, and p-Q9 are the evaluations from the viewpoint of the
practical use. The embarrassed feeling, p-Q9, for the upper arm was the lowest
score. While the stuffed animal was attached at the user’s belly, she/he felt the
affection from the robot rather than that on the arm. However, the feelings for
equality and existence showed the best when the robot was attached on the
user’s arm.
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Fig. 1. Consid-
ered places

Table 1. Two-factor ANOVA for preliminary results

F p significance in post-hoc test

p-Q1 7.62 <.01 shoulder–{belly,arm}
p-Q2 8.18 <.01 arm–ham

p-Q3 4.72 0.01 arm–{shoulder, ham}
p-Q4 5.44 <.01 arm–{shoulder, ham}, belly–ham
p-Q5 3.49 0.03 arm–ham

p-Q6 2.51 0.083 ———

p-Q7 5.41 <.01 arm–ham

p-Q8 12.5 <.01 ham–{arm,belly}, shoulder–{belly,arm}
p-Q9 5.65 <.01 arm–{shoulder,belly,ham}
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Fig. 2. Results of preliminary test

3.2 System Design

In human-human communication, we perform not only notification expressions to
relay information easier, but also affection expressions to convey emotional states
or affection. we assume combining both notification and affection is important
to realize human-like communicative expression of agents and robots.

Here, for example, let us consider the situations that the robot support el-
derly’s outing and want to notify them of toilet timings. In such situations, the
robot should not notify the timing by loud voice. The robot should first perform
notification behavior to draw the elderly’s attention and then notify them the
timings secretly and casually. In emergency case, both notification behavior and
(audio) information should be given simultaneously. On the other hand, since
affection expressions are shown casually to relieve the users and to build relation-
ships of trust, we give neither meaning nor importance to affection expression.
In our system, we combined haptic stimuli and anthropomorphic behaviors to
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express the physical contact in the system so that the robot gives us the visual-
haptic stimuli at the same time. This configuration aimed to produce an illusion
of anthropomorphic touch from the robot.

In order to realize the proposed robot system, we implemented two types
of test-bed systems: a detailed robot for the strong anthropomorphism (Figure
3–5), and a simplified robot for popularization on the public uses (Figure 7–9).

Figure 3 shows the configuration of the detailed system. The detailed system
consists of three servo motors; two for its head and one for its left arm, vibration
motors, cuff of blood pressure sensor for pressing actuation, a small speaker
for vocal messages, and three-dimensional accelerometer and compass sensors
to detect user’s situations. All devices are connected and controlled by a PC
via a AVR controller (Figure 4). For appropriate behaviors of the robot, the
robot detect user’s situations by using accelerometer and compass sensors. In
the current implementation, the robot can recognize three situations: “walking”,
“running”, and “expanging arm forward” based on the sensor data (Figure 6).

Figure 5 shows the appearance of the system. The robot system was about 400
[g] weight and 21 [cm] height without PC. If the user needs outings, she/he must
carry a small pochette. So we implemented a simplified system for popularization
on the public uses.
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3.3 Simplified System Design

Figure 7 shows the configuration of the simplified system. The system consists
of three servo motors: two for its head and one for its left arm, vibration motors,
a small speaker for vocal messages, and three-dimensional accelerometer and
compass sensors. All devices are connected and controlled by a small board PC
(Figure 8).

Figure 9 shows the appearance of the simplified system. The total weight is
about 250 [g] and the height is 18 [cm] including processor and battery. We
can easily wear the simplified system and the presence of the robot was not so
reduced compared to the previous system.

4 Evaluation

In order to evaluate the effectiveness of the physical touch from the wearable
message robot, we have conducted two types of experiments in different situa-
tions: in a standing situation [21] and in a walking situation [22]. The results
showed significances of both anthropomorphic motions of the robot and haptic
stimuli.

In this paper, we introduce an experiment with a simulation of real outings
using a labyrinth of corridors with landmark pictures in order to evaluate the
effectiveness of the physical touch from the robot on guiding users while their
outings. Standing, stopping, and walking situations were included in the settings
of the experiment. We used the original system described in Section 3.2 to give
affective expressions of the robot with using haptic pressures on the user’s arm.

Hypotheses: H-1) Participants in the experiment differently evaluate the ex-
pressions of the robot by the existence of haptic stimuli. H-2) The participants
differently evaluate the expressions of the robot by its behavioral motions.

Participants: Twenty-six people (thirteen females and thirteen males) aged
from nineteen to twenty-five.
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Settings: Figure 10 shows a labirinth-like setting in the experiment. The partic-
ipants walked in the course with the fixed system corresponding to the indicated
side at the rhombus-shaped points (�v1 and �v2).

There were three pictures at the pausing places, from s1 to s3. A picture of a
convenience store was put on the wall at the s1 place, a picture of a restaurant
was put at the s2 place, and a picture of a park was put at the s2 place. The
width of the course was about 90 cm. Figure 11 shows a view of the labirinth-like
course.

We prepared the expressions of both “notification” and “affection.” The noti-
fication was expressed by combining the patting motion of the robot’s arm with
haptic stimuli of the vibration. The affection was expressed by combining haptic
stimuli of pressure on the user’s arm with the motion of the robot’s head as
though the robot were looking up at the user’s face.
Conditions: The four conditions with two factors; the first factor is the bodily
motions of the robot: with motions (M) or without any motion (m), and the
second factor is the haptic stimuli from the robot: with touch (T) or without
any touch (t). Combinations of the factors are following four conditions.

MT : The robot moved its body with haptic stimuli.
Mt : The robot just moved its body without any haptic stimuli.
mT : The robot did not moved but with haptic stimuli.
mt : The robot did not moved and there was not any haptic stimulus.
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Procedures: The subjects were instructed to walk around in the course or stop
at the indicated place by the robot. The robot made a “notification” expression
at each diverging point, �v1 and �v2 to tell the participant the way to the park.
In the fronts of s1 and s2, the participant was talked by the robot with the
initial physical contact prepared in the condition. The script for s1 was “Here
is a convenience store,” the script for s2 was “Here is a restaurant.” At the
place of the park, s3, the robot talked “I’m happy to come to the park.” with
an expression of “affection.” After the session in each condition, the subject
evaluated the expressions of the robot.

The participant was not instructed to react to the robot. One session included
two diverging points and three places. The experiments in different conditions
were held in repeated measurements for each subject with the counter-balanced
orders of the conditions.

After each experiment, the subject used a five-point rating scale to evalu-
ate the relevance (5: very relevant, 4: somewhat relevant, 3: even, 2: somewhat
irrelevant, 1: irrelevant) of the following statements;

Qa The expression of the robot was comfortable.
Qb The robot’s expression was easy to understand.
Qc The expression of the robot was easy to perceive.
Qd You felt affection for the robot.
Qe The robot was suitable to extend your emotion.
Qf You want to use the robot in the future.

Results: Figure 12 displays the results of means opinion scores for each state-
ments. The results of two-factor ANOVA are shown in Table 2. From the results,
we could confirm the effectiveness of both haptic stimuli and anthropomorphic
motion but without strong interaction between the factors.
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Table 2. Two-factor ANOVA for the experiment results

motion touch Interaction with significance

F p F p

Qa 6.92 0.014 0.38 0.54 –

Qb 9.11 <.01 10.23 <.01 –

Qc 8.89 <.01 6.77 0.015 –

Qd 28.1 <.01 14.1 <.01 –

Qe 14.9 <.01 14.0 <.01 –

Qf 21.0 <.01 8.89 <.01 –

Qb and Qc are the statements related to the intelligibleness of the robot’s
“notification.” The ANOVA results for both statements showed the significance
for anthropomorphic motion and haptic stimuli. From the results, it is confirmed
that the intelligibleness is effectively elevated by the anthropomorphic behaviors
and the haptic stimuli from the robot.

Qd and Qe are the statements related to the affective aspect. The ANOVA re-
sults showed the effectiveness of both factors. We could confirm that the affection
from the user can also be elevated by these configurations.

Qa and Qf are the statements related to the sustainable use. The results
of ANOVA for Qa showed a significance that indicates the effectiveness of the
anthropomorphic motion of the robot but without any significance of haptic
stimuli. From the results, it is conjectured that the comfortable use is provided by
the anthropomorphic behaviors. On the other hand, the results for Qf illustrated
both significances of the motion and haptic stimuli. There is a possibility of
the desire for sustainable use that elevated by the intelligible and the affective
communication with the robot.
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5 Discussion

The results of the experiment showed the effectiveness of our system configura-
tion of the message robot.

In the preceding experiment in a standing [21] and walking situations [22],
we have confirmed the effectiveness of the physical touches expressing “notifi-
cation” and “affection.” From the results of the experiment described in this
paper, we could confirm the possibility of the sustainable use by the mixture
of the “notification” and “affection.” On the other hand, we could not find any
interaction between the factors. Although the combination of the haptic stimuli
and the robot’s motion did not bring any unique result in the evaluation state-
ments, almost all participants said that the condition MT brought an illusion as
though the robot were touching on the participants’ arms in the free descriptions.
Consequently we could confirm the communicability of our proposed systems.

The proposed message robot is expected to be used by elderly people who
suffer from dementia or children tracking in their night outings. The evaluations
in this paper and the preceding evaluations did not ask elderly people or children
participants. In the future we are going to verify the effectiveness in an elderly
care center to track the patients and give them the appopriate guide.

Not only for elderly people, children, or disabled people but also for normal
adults, the message robot can provide a ubiquitous information instead of the
actual portable devices. To popularize the message robot with appropriate an-
thropomorphism, we need to consider the usage of our own portable devices
instead of the board PC. The system also need the personalization of the physi-
cal contact in order to build more intuitive and intimate communication between
the robot and the user.

6 Conclusion

In this paper, we introduced an anthropomorphic physical-contact method for
a message robot in simulating the user’s outings. By using the prototype of
the implementations, the subjective evaluations in a labirinth-like course with
diverges showed the effectiveness of both haptic stimuli and the anthropomorphic
motion of the robot.

In the future, we are also going to conduct the evaluation on the simplified
system to reveal the effectiveness of anthropomorphic integration of the messages
from mobile devices and ubiquitous services. It is also important to verify the ef-
fectiveness of the partner robot to bring intuitive and comprehensive information
in ubiquitous environments for our comfortable outings.
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