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Abstract. We are studying how Embodied Conversational Agents
(ECAs) express communication behavior with cultural background. The
objective of this study is the proposition of the modified Capture and
Express Behavior Environment (CEBE) in which a person can interact
with ECAs controlled by the captured behavior of another person with
cultural background. In this paper, we discuss modifications and con-
cepts of CEBE to apply CEBE for investigations to realize an ECA with
cultural background. The prototype system could capture basic human
behavior, such as head direction, posture of the upper body, and 3D an-
gles of arms, when each part of the body, such as head, hands, arms and
trunk. In addition, the system could control a robot or a virtual agent
based on the detected data. We have to develop some implementations
to interact with people with cultural background.

Keywords: human-agent interaction, measuring system, WOZ system,
Robot operation interface.

1 Introduction

In recent years, there has been a growing exchange in goods, information and peo-
ple in the world amidst the progression of internationalization. In cross-cultural
exchange, people can relativize their own values and obtain new values from
different cultures. Although there are some cross-cultural differences in habits
and rules, the experience of recognizing these differences gradually is important
in acquiring communication skill. The reason why people can get though them
is that they have great abilities to learn, adapt and communicate with other
people.

On the other hand, Embodied Conversational Agents (ECAs) which are ex-
pected to provide an effective interface for many users, including computer
novices in diverse fields ([1], [9], [12]), however, have such ability in the distant
future. It is important to interact with people in the fields. When ECAs inter-
act with people, the cross-cultural features influence human-agent interactions.
ECAs can have databases of cross-cultural rules and habits which are known
well in advance. There are however body motions, behavior, and mental stances
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which influence cross-cultural interactions, and it is hard to describe them as
rules or habits. These differences appear not only in languages and their use,
but also in facial expressions, face directions, gestures, the range of movements,
postures, interpersonal distance, and so on [8].

We are studying how ECAs express communication behavior which is not
known as rules in a culture, such as emotional representation, the degree of
agreement or disagreement, and commitment to the communication, based on
cross-cultural background. In this paper, ”cultural background” means mean-
ingful customs, habits, gestures, nonverbal information and mental stances in a
particular culture. We expect that the cultural background influences commu-
nication behavior. For the studies, we pay attention to gaze (head orientation),
postures, hand gestures and paralinguistic features (pitch and power of voice).
We will investigate them in a negotiation situation in which people have to
express their opinions and speculate the inner states of their communication
partner.

Cultural behavior is observed in diverse situations and representations. Dif-
ferent layers of phenomena exist that are influenced by cultural aspects such as
the verbal and nonverbal behavior, appearance, proxemics, learning strategies
and many more. We thus have to consider different appearance and physical lim-
itations when ECAs express cultural behavior. Moreover, it is hard to pinpoint
down the constituents of culture and its effect on interaction [13]. Therefore, we
have to design ECAs based on data which is obtained in actual human-agent
interaction. It is hard to apply the foundations of cross-cultural communication
by analyzing data obtained in human-human communication to ECAs which
have different appearance and physical limitations than humans.

We, however, did not have an environment to obtain the data in actual human-
agent interaction. In other words, we need to analyze enculturated agent-human
interaction in an environment in which a human can interact with another human
who has the appearance and physical limitations of ECAs.

The purpose of this study is to propose an environment in which a person
can interact with ECAs controlled by captured behavior of another person with
cultural background, so that we can analyze the data obtained in actual encultur-
ated agent-human interaction. The proposed environment is called Capture and
Express Behavior Environment (CEBE). Human behavior in CEBE is expressed
by an ECA which has a different appearance and physical limitations from a
human. If the ECA could express enculturated behavior by CEBE, a standalone
ECA which has the same appearance and physical limitations could express en-
culturated behavior without pinpointing down the constituents. Therefore, we
expect that CEBE is a useful tool to analyze cross-cultural behavior expressed
by ECAs. We discussed the prototype of CEBE in general situations in another
paper [10]. In this paper, we introduce the basic architecture and the proto-
type, and we discuss modifications and concepts of CEBE to apply CEBE for
investigations to realize an ECA with cultural background.

CEBE will be used as a Wizard of OZ (WOZ) system in two types of research.
The first is data capturing to realize agents which have a communication skill
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with existing cultural background for cross-cultural communication. The other
is the investigations of human-agent interaction on the supposition that humans
and agents which controlled a human belong to different culture.

The rest of the paper is organized as follows. Section 2 reviews related works
and discusses achievements and non achievements of previous work. Section 3
explains the design and architecture of CEBE. Section 4 describes implemen-
tations to detect human behavior with cultural background in CEBE. Section
5 discusses concepts and limitations of CEBE to capture and analyze human
behavior with cultural background. Finally, Section 6 contains conclusions and
future works.

2 Previous Works

A number of research groups have studied the use of ECAs for intercultural
communication.

Huang et al. [6] developed a culture-adaptive virtual tour guide agent that is
implemented in a modular way with the GECA Framework [5] to minimize the
development cost. It can switch its behavior and speech language to three culture
modes: general Western, Japanese, or Croatian. This study focuses only on the
surface traits of culture, that is, languages, symbolic gestures, and probably
culture-dependent characteristics of gestures. Since they used scripts to describe
human-agent interactions, the range of possible interactions will be relatively
limited and the quality of the whole system heavily depends on the knowledge
and skill of the agent designers.

Iacobelli and Cassell [7] showed an attempt to use virtual peers to encourage
African American children to switch their language coding to increase school-
based literacy. They implemented two virtual peers by applying two models of
behavior to an existing virtual child with a racially-ambiguous appearance in
their previous study [2]. They implemented their enculturated behavior on the
basis of observations of the verbal and non-verbal behavior of children. Their
agents, therefore, had the same limitations as an agent in Huang et al [6].

Some researchers developed their systems to generate culturally adequate be-
havior based on a human’s observable behavior instead of implementations of
cultural backgrounds by heuristics. For example, Rehm et al. [14] proposed a
Bayesian network model of cultural adaptation, which was then employed in
two different sample applications that illustrate the great potential of culture
adaptive systems. They, however, realized the model with empirical data from
the corpus study under standardized conditions at hand. In addition, the empir-
ical data was cross-cultural rules and habits which could be known in advance.
This is a common issue when a behavior model is developed from empirical data
at hand.

There is another method to learning cross-cultural behavior, which is through
by behavior data obtained from encultured human-agent interaction in which
an agent directly expresses behavior of a human operator. This method is our
approach. There are some systems in which an agent directly reflects human
actions.
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Ghobadi et al. [3] proposed a system to control a hand based robot using
2D/3D images. These images are used as the input for hand detection, clas-
sification and a tracking system which is used as an interface for sending the
commands to an industrial robot. Hirsch et al. [4] also developed BiDi (bidirec-
tional) screen to support 2D multi-touch and walk-up 3D gesture interaction.
An image sensor placed a small distance behind an LCD forms a mask-based
light-field camera, allowing passive depth estimation. The estimated scene depth
can be used to support real-time 3D gesture interaction. These systems are spe-
cialized for hand operations, and they could not capture cross-cultural behavior
in human-agent interaction.

Tachi et al. [15] had developed a master-slave manipulation system with the
function of mutual telexistence (TELEsarPHONE). The system composed of 3
subsystems; a slave robot TELESAR II, a master cockpit, and a viewer sys-
tem. The operator sitting in the cockpit manipulated the slave robot through
two master arms, two master hands multi-stereo display system, speakers and
a microphone. The operator had to equip these master arms and master hands.
By using this system, the robot reflects the arm and hand actions of the oper-
ator. The devices, however, would prevent natural interaction with a cultural
background.

We have discussed achievements and non achievements of previous work for
the purpose of our study. Some researchers presented ECAs for intercultural
communication. Most ECAs were, however, implemented their cross-cultural
behaviors and behavior models on the basis of observations of human-human
interaction. Possible interactions of these ECAs are relatively limited and the
quality depends on the agent designers. To solve this issue, there is a method to
learning cross-cultural behavior by behavior data obtained from HAI, in which
an agent reflects human behavior. Some systems where an agent reflects human
actions could not achieve natural interactions with a cultural background.

The objective of this study is the proposition of CEBE design. This study
is different from previous works in following ways; the agent reflects human ac-
tions without preventing natural interaction by using an immersive environment
and non-contact sensors. In addition, a person in CEBE can intuitively under-
stand the differences of appearance and physical capabilities between ECAs and
human. These features are necessary to capture human behavior in natural in-
teraction with a cultural background. In addition, we discuss modifications and
concepts of CEBE to apply CEBE for investigations to realize an ECA with
cultural background, and we partly implemented.

3 Framework

In this section, we propose a design and architecture of CEBE.
Two kinds of ECAs are expected to perform in CEBE; virtual agents and

robots. Virtual agents are suitable for interactions in which expressive gestures
are needed because most of them can express facial expressions, gaze directions
and subtle movements. We had better use virtual agents when we focus on
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those features in cross-cultural communication. The virtual agents, however,
are unsuitable for interactions in which ECAs have to interact with substantial
objects in real world because most of them do not have their body in real world.
On the other hand, interactions which are suitable for robots are vice versa. For
example, we had better use robots to investigate a multiple-party interaction in
which people in different cultures take part because virtual agents cannot join
the multiple-party conversation. Both these kinds of ECAs are used depending
on the situation. Therefore, we develop CEBE to be able to use both types of
ECAs and we will investigate them in both situations.

3.1 Necessary Conditions for CEBE

CEBE is an environment in which a human can interact with another human who
has the appearance and physical limitations of ECAs. CEBE has two aspects; one
is a system to obtain data of cultural behavior in a human interaction through
a body and perception of an ECA. Another is a system to operate a body of an
ECA by using perception of the ECA and obtained data.

In either case, a person in CEBE has to be able to perceive the same level
of information which an ECA can perceive. We need to consider the difference
of information processing between ECAs and humans. For example, a human
can recognize his/her surroundings by using only video in most cases, because
visual information is easily interpretable by humans. ECAs, however, need lots of
sensor data, such as a range sensor, 360-degree camera, microphone, and so on,
to recognize their surroundings at the same level. It is important to provide both
a person and an ECA with the same level of information. It is, however, difficult
to process all of the information which is used in human-human communication.
Therefore, we need to control the information provided to a person depending
on the situation.

We also have to be able to obtain and express cultural interaction behavior
in a human-agent interaction. For example, we behave in various ways, such as
shaking our heads, making hand gestures and changing prosody, when we ne-
gotiate with others. We also pay attention to nonverbal behavior to speculate
others’ intentions. We expect that significant information which expresses cul-
tural interaction behavior is gaze directions (head orientation), movements of the
upper body and hands, and prosody of utterances (pitch and power of voices).
The accuracy of measuring and reproducing behavior is dependent on the sit-
uation. We expect that ECAs cannot completely reproduce human behavior in
most cases. We also expect that people can convert their cultural behavior which
ECAs can reproduce by mutual adaptations, in the case that they understand
the appearance and physical limitations of ECAs.

To sum up, necessary conditions for CEBE are as follows:

– Both a person and an ECA are provided with the same level of information
which is needed to interact with cultural behavior.

– Cultural interaction behavior in a human-agent interaction can be obtained
and expressed.
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– A person in CEBE can intuitively understand appearance and physical limi-
tations of ECAs, and he/she can convert their cultural behavior which ECAs
can reproduce.

The accuracy of measuring and reproducing behavior is depending on the situ-
ation.

3.2 Prototype

On the basis of necessary conditions for CEBE, we developed a prototype CEBE
which detects head direction, posture of the upper body, and 3D angles of arms,
and controls a head and arms of a robot or a virtual agent based on the detected
data. We currently implemented the methods to capture human behavior to
apply CEBE for using robots. We thus did not implement the methods to capture
gaze directions, facial expressions and hand gestures.

Fig. 1. An architecture of prototype CEBE

Devices which we used in the prototype. Figure 1 shows the whole image
of the prototype system.

The prototype system had an immersive display, which reproduces 360-degree
image around an ECA. The display intuitively provides an operator with sur-
roundings of the ECA. We expected, therefore, that the operator’s cognitive load
to know the surroundings was reduced by using this display.

We used non-contact or small sensors to detect the operator’s behavior in the
immersive display because the sensors would not prevent natural interaction.
Optical motion capture system is a typical non-contact sensor which can measure



CEBE for Realizing Enculturating Human-Agent Interaction 47

human body motion. The system needs many cameras for robust measuring. We,
however, could not set enough cameras for robust measurement in the prototype
system because the system used the immersive display in which there was small
space. We therefore developed a motion capture system by using infrared range
sensors (IR-range sensors) for the system.

ECAs which are used in this architecture are virtual agents which are im-
plemented using the GECA Framework [5] and multi-degree of freedom robots
(NAO, Aldebaran Co., Ltd). NAO is a robot which can be controlled by using
wireless LAN and control programs. We can control angles of the head, shoulders,
elbows, wrists, fingers, hip joints, knees and ankles of NAO.

Fig. 2. Devices which we use in the prototype

Figure 2 shows the devices in the prototype system. The 360-degree camera
and NAO is used when we use a robot as an operated ECA. The immersive
display composed of eight portrait orientation LCD monitors with a 65 inch
screen size in an octagon shape. The diameter of the octagon is about 2.5 meters.
The infrared range sensor is used to detect human upper body motions.

System architecture. Figure 1 also shows an architecture of the prototype
system which we are implementing. The prototype system can obtain and ex-
press head orientation, movements of upper body and hands, and prosody of
utterances (pitch and power of voices) for the preliminary experiment, in which
a negotiation task will be conducted.

An immersive display reproduces a 360-degree image around an ECA to pro-
vide a person in CEBE with information which the ECA perceives. When we
use a virtual agent, the virtual space image which is around the virtual agent
is displayed. When we use a robot, the image which is captured by the 360-
degree camera is displayed. The person in the 360-degree vision system can see
all around the ECA. Movements of the upper body and hands of the person are
not prevented by the displays. Eight surround speakers play sounds which the
ECA can listen. The person can detect the direction of the sound source to some
degree.
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Head orientation and movements of the upper body and hands of the per-
son are captured by IR-range sensors (Swissranger, mesa imaging), acceleration
sensors and image processing. When we use a virtual agent, a body of the vir-
tual agent is moved by the captured data. When we use a robot, the robot is
controlled by data which is converted to meet the limitations of robot’s degree
of freedom. The person can see the movements of the ECA in a window which
is displayed in the 360-degree vision system. The voices of the person are cap-
tured by a headset microphone, and the ECA plays the voice. The voice passes
through a voice processing component. The voice processing component can fil-
ter the voice depending on the purpose. When the voice is filtered, the person
can hear the filtered voice.

Head orientation and movements of the upper body and hands of the per-
son are captured by IR-range sensors (Swissranger, mesa imaging), acceleration
sensors and image processing. When we use a virtual agent, a body of the vir-
tual agent is moved by the captured data. When we use a robot, the robot is
controlled by data which is converted to meet the limitations of robot’s degree
of freedom. The person can see the movements of the ECA in a window which
is displayed in the 360-degree vision system. The voices of the person are cap-
tured by a headset microphone, and the ECA plays the voice. The voice passes
through a voice processing component. The voice processing component can fil-
ter the voice depending on the purpose. When the voice is filtered, the person
can hear the filtered voice.

4 The Method of Human Motion Capture

We discussed the prototype of CEBE in general situations in another paper [10].
In this section, we describe the modifications to capture human motion with
cultural background in the prototype system. In this paper, we only explain
the method to measure head rotation and angles of arms because upper body
movements are important in the immersive environment. These implementations
are currently in progress.

The prototype system could capture basic human behavior, such as a face
direction and pointing, when each part of the body, such as head, hands, arms
and trunk, were occluded below 30%.

4.1 The Implementation to Measure Head Rotation

In the CEBE for general situations, we implemented the method to measure head
rotation by using an reflection intensity image (we call this as “amplitude”) of IR-
range sensors. This method was not suitable for measuring detailed degree of the
head rotation angle. We implemented the method to measure head rotation by
using a three-axis acceleration sensor and image processing because we expected
that we had to measure detailed head motion for investigations about cultural
differences. We could easily measure the vertical head rotation by using the
three-axis acceleration sensor. In addition, the sensor would not prevent human
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Fig. 3. The overview of the head rotation measuring process

actions because it was adequately small. Meanwhile, we measured the horizontal
head rotation by using image processing, for which we used a head mounted
camera and infrared-LEDs.

The overview of the measuring process is shown in Figure 3. The inputs of the
measuring process are three-axis acceleration data and a gray scale image taken
by a head mounted camera. The gray scale image captures the IR-LED patterns
which are set between the LCD monitors composed the immersive display. The
IR-LED patterns indicate the horizontal angle. In the first step, the angle of
vertical head rotation is extracted from the three-axis acceleration data. In the
next step, alignment errors of IR-LED patterns in the gray scale image are cor-
recting by using the acceleration data. In the third step, the angle of horizontal
head rotation is estimated by reading the IR-LED patterns.

Although the method to measure head rotation is robust, the head mounted
camera made some people feel uneasy in test installations. We can measure head
rotation by using a geomagnetic sensor, infrared range sensors and only image
processing. We are developing another method to measure head rotation by using
a small sensor which can measure geomagnetism and 3-axis acceleration because
of reducing this uneasiness of users.

4.2 The Implementation to Estimate Angles of Arms

In the CEBE for general situations, we implemented the method to estimate
angles of arms by using distance data of IR-range sensors. We could easily detect
the region of a human body in an image by using the IR-range sensor because
the sensor could obtain many 3D positions of measurement objects’ surface. In
addition, the IR-range sensor was robust to occlusion than an optical motion
capture system in the prototype system. We, therefore, expected that we could
use this method for investigations about cultural differences. In this section, we
briefly describe the method.
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Fig. 4. The overview of the estimation of arm angles

The overview of the estimation process is shown in Figure 4. The input of
the estimation process is voxel data of object’s surface. In the first step, the
horizontal widths of scattered parts of the measured object are used as the
input features for a clustering technique to segment into head region and body
region. In the next step, a trunk region is detected on the basis of structure of the
body. From the third step, the estimation process diverges into two; estimation
of upper arm angles and lower arm angles.

In the upper arms estimation, shoulder positions are firstly estimated from
the trunk region on the basis of structure of the body. Secondly, the outline of
the upper arms is detected by searching voxel data from the shoulder positions
to the outside of the trunk. Finally, detected voxels of the upper arm outlines
are used as the input features for a straight-line approximation of upper arm
angles.

In the lower arms estimation, the distance of the voxel data is firstly used
as the input features for a supervised clustering technique to segment into the
trunk and the arms in the trunk region. When either arm is placed in front of
the trunk, the outline of lower arms is detected by searching voxel data of the
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lower arm clusters. When both of the arms are placed out of the trunk region,
the vertical widths of scattered parts of the measured object are used as the
input features for a clustering technique to segment into the arms region out of
the trunk. The outline of the lower arms is then detected by searching voxel data
of the arm clusters out of the trunk region. Finally, detected voxels of the lower
arm outlines are used as the input features for a straight-line approximation of
lower arm angles.

Fig. 5. An example of arm angles estimation

Figure 5 shows an example of an arm angles estimation; (a) shows the IR-
range sensor data, (b) shows the result of arm region clustering when either
arm is placed in front of the trunk and (c) shows the result of the arm angles
estimation. In (b), the dark gray region indicates a right arm region. This means
that we could correctly segment the trunk region and the arm region. In (c),
two white lines indicate upper and lower arm angles. This means that we could
correctly estimate the arm angles.

5 Discussions

5.1 The Concepts to Capture Gaze Directions, Facial Expressions
and Hand Gestures

In this section, we discuss the concepts to capture gaze directions, facial ex-
pressions and hand gestures. We expect that these are needed for investigations
about cultural differences.

Gaze direction. The first author developed a real-time system for measuring
gaze directions without head restraint [11]. The system could measure gaze di-
rections in a small space (30cm high, 30cm wide and 20cm depth) because stereo
cameras could measure in the small space.

By using IR-range sensors, we can obtain many 3D positions and the rough
texture of face in real time (Figure 6). We can thus improve the system with same
accuracy (approximately ± 2 degrees) in larger space by using both IR-range
sensors and cameras. The system can be used for CEBE.
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Fig. 6. The examples of captured data of faces and hands by an IR-range sensor

Facial expressions. There are many software which convert facial features of a
person into facial features of an avatar. We can easily invoke the external program
as a plug-in from the virtual agent which we use because the virtual agent are
worked on GECA Framework. When we use the software which can export facial
features in real time, the virtual agent can express the facial expressions of the
user in CEBE.

Hand gestures. We did not implement the method to capture hand gestures
because we preferentially implemented the methods to capture human behavior
to apply CEBE for using robots. It is difficult to capture hand gestures by using
a motion capture system needed makers. We expect that we can capture hand
gestures because we can obtain 3D positions of the surface by using IR-range
sensors.

Ghobadi et al. [3] proposed a system to control hand based robot using IR-
range sensors. Figure 6 also shows that IR-range sensors can capture the features
of a hand. In addition, we can easily trace the hand positions because we estimate
3D-angles of arms. We thus expect that we can capture more detailed hand
gestures by using both IR-range sensors and pan-tilt cameras.

5.2 Limitations

We will have to develop some implementations so that an agent reflects human
behavior and can interact with people with cultural background.

It is most important for natural interaction to compensate for the delay time
of agent actions. This delay was pronounced when a robot was controlled. To
resolve this issue, we will have to implement a predictive control mechanism. On
the other hand, we need to investigate the influence of the delay time of agent
actions in encultured agent-human interaction.
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It is also important to develop a better method to give feedback to a system
user. In prototype system, we give feedback by using visual information. This
method, however, is not effective when an ECA reflects the eye directions of the
user. The user cannot perform appropriate actions without feedback. On the other
hand, large feedback prevents the user from natural interaction. In addition, hu-
man behavior in cross-cultural communication is often expressed unconsciously.
We have to consider whether we had better to give feedback or not.

5.3 Target Interactions

The prototype CEBE which we are implementing will be able to detect head
direction, posture of the upper body and 3D angles of arms, and control a head
and arms of a robot or a virtual agent based on the detected data. By using
CEBE, we will be able to gather and analyze the information needed for real-
izing enculturated agent-human interaction. We can use the captured data for
unsupervised simultaneous learning of gestures, actions and their associations,
such as Embodied Interactive Control Architecture (EICA) [16].

6 Conclusion

6.1 Summary

In this paper, we proposed an environment in which a person can interact with
ECAs controlled by captured behavior of another person with cultural back-
ground, and we can analyze the data obtained in actual enculturated agent-
human interaction. In particular, we proposed a design and an implementation
of the system, CEBE.

In future works, we will focus on a negotiation situation in which people
have to express their opinions and speculate on the inner states of a commu-
nication partner, and we will conduct a preliminary experiment to confirm the
effectiveness of CEBE in an enculturated agent-human interaction. In the exper-
iment, we expect to reveal influences of cultural background in some situations,
such as detecting the degree of agreement or disagreement, commitment to the
communication, emotional representation, and how strong their assertion in the
communication.
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13. Rehm, M., Nakano, Y., André, E., Nishida, T.: Enculturating human-computer
interaction. AI and Society 24, 209–211 (2009)
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