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Abstract. This paper presents a pilot evaluation study that investigates
the physiological response of users when interacting with virtual agents
that resemble cultural behaviors in an Augmented Reality environment.
In particular, we analyze users from the Arab and German cultural back-
grounds. The initial results of our analysis are promising and show that
users tend to have a higher physiological arousal towards virtual agents
that do not exhibit behaviors of their cultural background.

1 Introduction

In human-human communications, the majority of our communicative behaviors
are demonstrated non-verbally based on the individuals’ personality, emotion
and cultural background. Researchers have demonstrated that social behaviors
in different cultures are addressed differently; therefore, social behavioral differ-
ences between communicating individuals can be misunderstood, which might
result in a negative perception of each other.

With the increased use of 3D virtual agents, researchers have identified the
importance of integrating social behaviors in virtual agents and demonstrated
that they have an impact on the user-agents social interaction, e.g. Jan et al. [1].
While, more recently, several researchers measured the influence on the user’s
perception by the deployment of enculturated virtual characters [2].

To understand human-agent social behaviors, researchers are usually conduct-
ing studies in traditional virtual reality (VR) environments displayed on a screen
[1]. In this case, the digital medium has an influence on (1) what the user con-
siders a real experience and (2) how the user responds socially when interacting
with a virtual agent within the digital medium.

This paper presents the integration of culturally aware virtual agents in the
real-space of the user using the Augmented Reality (AR) Technologies; which
may have an impact on the users’ responses. In recent years, only few studies
explore the use of virtual agents in AR environments such as the work in [3,4].
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In this paper, we focus on two kinds of signals that play an important role
in communicating interest in a social interaction and creating intimacy: inter-
personal distance and gaze. Interpersonal distance and gaze are closely coupled.
In combination, they convey a certain level of intimacy while people tend to
compensate for an increased amount of eye gaze that they consider as socially
inappropriate by a higher interpersonal distance. Our paper aims at studying
how the response of people is influenced by the cultural background such agents
reflect. In particular, we study the physiological arousal response of German and
Arab users towards agents reflecting these cultures.

2 Proxemics and Eye Gaze in Virtual Agents

In the literature, a variety of approaches have been presented to simulate prox-
emic behaviors (the use of space as a form of nonverbal communication) in virtual
agents. For example, [5] and [6] presented work based on reinforcement learning
and on crowd simulation respectively. Studies have been conducted to investi-
gate the effect of an agent’s proxemic behaviors on the users’ perception of the
agent and their psychological state. Pedica et al. [7] showed that a simulation
of human social territoriality, in simulated conversations, contributes to the be-
lievability of agent groups. Llobera et al. [8] found that people showed increased
physiological arousal the closer they were approached by virtual agents.

Vice versa, a number of researchers investigated how the behavior of a virtual
agent influences the proxemics behavior of human users. Bailenson et al. [9]
observed that human participants gave more personal space to virtual agents
who establish mutual gaze with them.

The simulation of proxemics behaviors has also attracted a significant amount
of attention in the robotics community. The work by Mumm and Mutlu [10] is
of particular interest to us because it includes a combined analysis of gaze and
proxemics behaviors. In a study, they observed that people who disliked a robot
compensated for an increase amount of gaze, from the robot, by maintaining a
higher physical distance from the robot. While people who liked the robot did
not change their proxemics behaviors across various gaze conditions.

In most culture related experiments, researchers extract data only from sub-
jective sources and few attempts were made to study the cultural differences on
an objective level, such as the work by Obaid et al. [3] and Llobera et al. [8].

3 Theoretical Background

The integration of cultural factors into the behavior of virtual agents came
into focus in recent years. Researchers often investigate the user’s perception
of a group of virtual agents that show culture-related differences in perception
studies. Endrass et al. [2] showed that a culturally prototypical performance
of gestures and body postures can enhance the user’s perception of an agent
conversation in the German and Japaneses cultures. Jan et al. [1] took into
account culture-related gaze, proxemics and turn-taking behaviors representing
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the Arab and the US American cultures. Their results reveal that participants
perceived differences between behaviors that are in line with their own cultural
background, and behaviors from different cultural backgrounds.

3.1 Cultural Profiles

In the scope of this paper, culture-related aspects of interpersonal distance and
gaze behavior are investigated for the Arab and German cultures. We chose these
two cultural groups because clear distinctions can be derived from the research
literature, thus promising large differences in participants’ perception of non-
verbal behavior. A very well known dimensional model of culture is introduced
by Hofstede et al. [11], whose theory categorizes national cultures into a six
dimensional model.

The Individualism dimension is of special interest for our purpose since it
is strongly related to nonverbal behavioral norms. The dimension describes the
degree to which individuals are integrated into a group. On the individualist
side, ties between individuals are loose, and everybody is expected to take care
for him or herself. On the collectivist side, people are integrated into strong,
cohesive in-groups. Germany is considered to be an individualistic culture, while
the Arab world is considered collectivistic.

Hall introduces a dichotomy [12] that distinguishes so-called high- and low-
contact cultures, which is mainly related to space and appropriate interpersonal
distances in social situations. According to Ting-Toomey [13], Germany belongs
to the medium-contact group while Arabia belongs to the high-contact group.

3.2 Expectations on Behavioral Differences

The cultural dimension and dichotomy, described in Section 3.1, influence stereo-
typical behavior for interpersonal distance and eye gaze, which should differ
vastly in the Arab and German cultures.

Interpersonal Distance: in [14], Hofstede et al. investigate cultural dimensions
in isolation and describe prototypical behavior for the extreme sides. Individu-
alistic cultures, such as Germany, are described to stand free in groups, while
collectivistic cultures, such as Arabs tend to be physically close, especially to
in-groups. This suggests that interpersonal distance should be higher in German
conversations compared to Arab ones. This idea is supported by the catego-
rization into high- and low-contact cultures. In high-contact cultures (such as
Arabia) close interactions are common, while in low-contact cultures wider in-
terpersonal space is appropriate.

Eye Contact: the scores on Hofstede’s individualism dimension give some in-
teresting insights. In [14], members of individualistic cultures are described as
making eye contact freely which suggests that this should hold true for the
German culture. Taking into account Hall’s categorization into high- and low-
contact cultures, members of Arab countries (low-contact) use direct facing and
frequent direct eye contact. Since Germany is located on a medium-low contact
level, direct facing should occur less frequently.
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Table 1. Culture-related behaviors Table 2. Experimental Conditions
| Aspect |Arab|Neutral|German| |Condition|distance|eye contact]
distance | low |[medium | high 0 Neutral Neutral
eye contact| high | medium low 1 Arab German

2 German Arab
3 Arab Arab
4 German German

4 Experimental Evaluation

To evaluate the impact of culture-specific behavior on human users, we con-
ducted a pilot study with Egyptian and German participants. Due to the simi-
larity principle, the social attraction perceived by individuals is increased when
interacting with someone who is perceived as being similar to oneself [15]. There-
fore, participants should prefer agent behavior that was designed to resemble
their own cultural background. Vice versa, culturally different behavior might
lead to tension which should be measurable in physiological arousal. We there-
fore derive our Hypothesis: AR agents that have a different culture behavior
from the human user elicit a higher level of physiological arousal.

4.1 Design

Agents: we use two virtual agents in our setup based on the AAA engine and
functionalities [16], which includes the control of non-verbal behaviors conveyed
by agents. The appearance of the agents are consistent and are chosen to be of
dark-hair, no-culture specific clothing, and of mixed gender. Moreover, to allow
for a focus on the nonverbal behaviors, the agents use Gibberish during dialog,
a fantasy language without any specific meaning of the words but with the same
statistical distribution of syllables as the words from the English language.

Conditions: The experimental conditions are designed based on the cultural
profiles and expectations (Section 3). Therefore, we defined three prototypical
performances (Arab, Neutral and German), where the Neutral behavior serves
as the average of the behaviors for the German and Arab cultures. Neutral was
used during a non-evaluated user familiarization phase (Tables 1 and 2). Since
our work focuses on analyzing the impact of differences between the cultural
groups and not measuring the exact effect of the conditions, therefore, the exact
definition of the values for the behavior aspects was not a priority and are defined
relative to each other (e.g. high gaze is higher than low gaze).

Scenario: Within each condition, the user enters the AR environment with two
agents engaged in a conversation. Starting from a position of 2.8 meters away
from the agents, the user is instructed to approach the agents to a comfortable
distance to join their conversation as a listener (Fig. 1). As the user approaches,
the agents adjust their conversational formation with an interpersonal distance
based on the condition. In addition, the agents’ amount of eye contact with the
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Fig. 1. Schematic setup of the experiment showing the position of the user and virtual
agents (left), participant during interaction (middle), and an example of the user’s view
showing the virtual agents in the AR environment (right)

interlocutors is adapted to the condition. Other nonverbal behaviors, such as
gestures and body postures, are left constant during all conditions.

Experimental Setup: The experiment is arranged in a room with five-meter
width and six meter depth. The setup contains two main pieces of hardware
equipment for tracking and AR display: (1) A Microsoft Kinect! is put on a
pedestal of one meter height and placed at a centered position against the wall.
We use the OpenNI framework and NITE middleware? to track the users in
front of the Kinect and to get the user’s position in relation to the sensor. (2)
A Vuzix® Head Mounted Display (HMD) that includes earphones and a head
tracker (measuring the head orientation via an accelerometer and compass).
Using the tracking technologies, we incorporated the virtual agents into an AR
environment. We apply the user’s position (tracked by the Kinect) and head
orientation (from the HMD’s tracker) to the virtual camera used to compute the
3D transformations for rendering the virtual agents. To simulate the user’s real
world view, a webcam is attached to the HMD. The video image is captured,
augmented with the virtual agents, and then presented back to the user’s eyes.
In addition, for accuracy, the head tracker is calibrated for each user, before the
study, so that head orientation and virtual camera orientation are in line.

Throughout the study, we use the NeXuS* and the SSI framework [17] to
measure and record four biosignals (electrocardiography, respiration, skin con-
ductivity and blood-volume-pulse). Using these signals, we were then able to
compute the user’s level of physiological arousal during the study.

Procedure: The experiment begins by giving a description of the study and the
equipment to the participant. After fitting the equipment to their body, they are
asked to stand at the initial position in the room. Thereafter, the participant
is acquainted with the environment and the gibberish dialog by allowing them
to experience condition 0 of Table 2. Only then, the participant will randomly
conduct each of the four different conditions, described in Table 2.

! http://www.xbox.com/kinect

2 http://www.openni.org

3 http://www.vuzix.com/consumer/products_wrap_1200vr.html
4 http://www.humankarigar.com/wireless_nexus10.htm


http://www.xbox.com/kinect
http://www.openni.org
http://www.vuzix.com/consumer/products_wrap_1200vr.html
http://www.humankarigar.com/wireless_nexus10.htm
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5 Results and Discussion

For our evaluation study, we recruited 20 participants: 10 from Egypt (5 females,
5 males) and 10 from Germany (3 females, 7 males), while all of them had little
or no experience with augmented reality environments.

The analysis of the physiological recordings yielded some interesting tenden-
cies. From the ECG signals, we extracted the heart rate from the interval between
successive R waves. Since the physical load was steady across the conditions an
increase of the heart rate can be taken as a sign for an increased stress level of the
participants. To observe differences between the four conditions (Table 2), we
calculated for each participant, the mean heart rate over the period of each con-
dition. In order to reduce the effect of individual differences we also subtracted
the mean heart rate extracted from the whole session. Then we compared the
average of the normalized values between Egyptian and German participants.
For the conditions, where gaze and distance are adjusted to the same country
(344), the values are within a range from —1.1hz to —0.6hz, which is below the
average heart rate. This indicates that participants generally were in a relaxed
mood even when they were facing the conditions of the other culture, as long as
eye gaze and distance are of the same culture. In case of the mixed conditions
(14-2), for both groups, the normalized heart rate increased above zero when
the eye gaze was adjusted to the other culture (0.2hz for German and 0.4hz for
Egyptians), but not in the case where the distance was adjusted to the other
culture (—1.1hz for German and —1.4hz for Egyptians). This suggests that the
eye gaze aspect has a higher impact on the level of physiological arousal than
distance. However, we predict that a clearer picture on the statistical analysis
of our results will reform when analyzing the results of additional participants.
Therefore, we neither deny nor approve our hypothesis at this stage.

6 Conclusion and Future Work

In this paper we presented a pilot evaluation study to investigate the physio-
logical arousal of users towards augmented reality virtual agents that resembles
cultural behaviors. We demonstrate this by integrating two social signals (inter-
personal distance and eye-gaze) for two different cultures (Arab and German)
into virtual characters. The study is still in running process, however, we re-
ported the analysis of the initial results from 20 participants (10 Arab and 10
German). The initial results, from the physiological responses of users, revealed
interesting tendencies (such as a higher heart-rate average when interacting with
agents of culturally inconsistent non-verbal behavior). The participants also per-
ceived the conditions with a culturally appropriate eye gaze as more relaxing
even if they are experiencing non-appropriate distance activity. Future work are
directed towards exploring social attraction towards agents simulating cultural
behaviors.

Acknowledgments. This work was partially funded by the European Com-
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