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Abstract. The main contribution of this paper is to examine the new method of
augmented reality from a telecommunication point of view. Then, we tried to
present the fact that the concept of social presence is an important cue for
developing telecommunication system based on augmented reality technology.
The evaluation was conducted with 32 participants. According to the
questionnaires results, the augmented reality based telecommunication system
was better than 2 dimensional based display telecommunication system. To
develop our concept, we should closely analyze communication patterns and
improve our augmented reality based communication system.
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1 Introduction

Between remotely located people, Telecommunication systems have consistently
developed from mobile device to a networked virtual environment such as computer-
supported cooperative work (CSCW). In this context, augmented reality (AR) systems
supplement the real world with virtual objects that appear to coexist in the same space
as the real world [1] and create a face-to-face type of environment. However, the
situation of optimal communication is the case of face-to-face communication in
practice because cues of natural nonverbal communication exist [2][3]. Thus, some
researchers presented social presence as one of the key features of the
telecommunication that is focused on users’ social psychological properties [4-6].
Especially, understanding of social presence’s factors is important for supporting the
high level of social presence in the telecommunication.

2 Related Work

2.1 Social Presence in Telecommunication

Many researchers studied ways of keeping a social presence with remote person in
telecommunication. Hauber and colleagues explored ways to combine the video of a
remote person to best emulate face-to-face cooperation with a shared tablet display [7].
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They compared the values of social presence of a standard non-spatial two-
dimensional (2D) interface with four kinds of conditions, not AR. Meanwhile, the
system was made for enhancing the social presence of telecommunication [8].
Although researchers proposed an AR approach, their system did not have proper
factors of AR but merely expanded the closed 2D display. The TeleHuman three-
dimensional (3D) videoconferencing system supports 360-degrees motion parallax as
the viewer moves around the cylinder and stereoscopic 3D display of the remote
person with a high sense of social presence [9]. However, one-way
telecommunication system could not lead to real communication between both of the
users. Besides, the motion cannot solidify enough of the factor of a high sense of
social presence for effective communication. Through related works, our vision was
that we considered not only technology-centered thought, but also user-centered
thought. Therefore, we made an effort to identify the factors of maximizing
social presence for understanding the full potential of AR to telecommunication
experience.

2.2 Augmented Reality

Augmented reality was defined as “a continuum of real-to-virtual environments, in
which augmented reality is one part of the general area of mixed reality” [10]. Azuma
specified augmented reality as augmenting the real world environment with virtual
information by improving people’s senses and skills [1]. He also mentioned three
common characteristics of augmented reality scenes; combination of the real and
virtual, interactive in real time and having the scenes registered in 3D. Although these
explanations were greatly obvious, they did not get enough attributes for defining
effective communicating tool as AR-based telecommunication. Thus, the concept of
augmented reality must be redefined maximizing the effect of social presence effect
on telecommunication.

3 The Three Factors of Social Presence

The purpose of this study is to find the proper factors of social presence to the
experience of AR-based telecommunication, make a prototype based on found the
factors found and conduct empirical evaluation. That is, we make an effort to identify
factors that enhance a sense of social presence for understanding the full potential of
AR in the telecommunication experience. Therefore, this paper presents the new
characteristics of AR considering the concept of social presence based on the three
common characteristics of Azuma’s study.

3.1 A Sense of Being Together

AR technology supports the combination of the real environment and a virtual
environment [1]. Towell and Towell presented an understanding of the contribution to
presence through social interaction in other virtual environments [11]. They found an
important factor in the user’s experience of being with others is a sense of social
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presence. In AR-based telecommunication, users can feel a sense of being with
another person who is in another virtual environment.

3.2 A Sense of Spatial Co-presence

AR has scenes registered in 3D [1]. When a person and a remote person share an
AR'’s scene, they can feel a spatial co-presence, which is one of the factors associated
with a sense of social presence [12]. Meanwhile, conducting work with common
interesting thing leads to a feeling of high cohesion [13]. Therefore, AR-based
telecommunication needs common interesting things to enhance social presence.

3.3 A Sense of Psychological Involvement as Mediated Social Presence

AR includes properties of interaction in real time [1]. This interaction means
psychological involvement as well as physical communication. Biocca el al. focused
on mediated social presence, which means how much users involve themselves
psychologically [14]. Psychological involvement is one of the core factors to obtain a
feeling of social presence.

4 Implementation

Fig. 2. shows a block diagram of our system, which captures real-space images from
an HMD camera, conducts camera pose tracking, and then registers with virtual
objects. Specifically, in the offline camera tracking data was obtained via the 3D
geometrical structure of a real-world environment. Then, a local reference coordinate
was allocated on the planar object (e.g., a picture attached to the wall) in front of a
user [15].

In the implementation, the virtual objects are the textured human and some objects
in the other space that are augmented based on the local reference coordinate. To do
this, the system in the other space detects and segments the foreground objects from
the learned environment by using a red-green-blue depth camera (RGB-D camera),
and then it transmits the foreground objects to the in-situ user through wired
communication.

The hardware used in the implementation included a bi-ocular video see-through
HMD [16] with 800 x 600 pixel resolution. A camera attached to the HMD captured
30 images per second with 640 x 480 pixel resolution. A RGB-D camera [17] in front
of a user captured 30 RGB images per second with 640 x 480 pixels and 30 gray-
scale depth images per second with 320 x 240 pixels for objects within 1.2 to 3.5m.
The computer used was equipped with an independent graphics card and a core of the
17 central processing unit (CPU).
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Fig. 1. A block diagram of our AR-based telecommunication system

5 Empirical Evaluation

We designed an experiment to evaluate the suitability of three factors based on the
concept of AR and social presence. An experiment focused on how users can feel a
sense of social presence when they communicate spontaneously with the common
interesting thing. Thus, participants conducted a task-based experiment on a 2D
display-based telecommunication system [18] and the AR-based telecommunication
system we developed, respectively.

5.1 Participants

The study included 32 participants. The average of age was 24.3 years old, ranging
from 19 to 34. Every participant had experienced the telecommunication system at
least once. Gender was balanced in the ratio between men and women (i.e., 16 men
and 16 women). That is, there is no gender constraint in measuring social presence.
Two participants conducted the task as a team.

5.2 Task

A pair of participants were assigned the roles of manipulator and facilitator. When
they decided on their role, the manipulator sat in a chair with a puzzle plate that could
accommodate the puzzle pieces. The facilitator sat in the chair with an image of the
completed puzzle. These participants stayed separated in different locations. The pair
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of participants put the puzzle together with free verbal and nonverbal communication.
In the process of putting the puzzle together, the facilitator could help the manipulator
because the facilitator had more information about the completed image. The
manipulator could not look at the facilitator’s completed image. The participants
experienced two kinds of telecommunication (i.e. AR and 2D video). For each team,
the test schedules were separated by more than two weeks to prevent any learning
effects.

Common interesting thing

HMD

RGB-D depth camera

/

Manipulator ’ 4 Facilitator

A manipulator’s space A facilitator’s space

Fig. 2. The teleconferencing environment

5.3  Experiment Design

A within-subjects’ design was used. At first, the participants were given an
explanation of our task-based experiment. They were given time to practice the
systems (i.e. the 2D display-based telecommunication system and the AR-based
telecommunication system) for completing a puzzle (i.e. the common interesting
thing). Then, the participants answered questionnaires after experiencing the system,
respectively. The degree of social presence was measured according to the results of a
comparative analysis.

5.4  Questionnaire Construction

To evaluate the degree of social presence, the participants answered seven-point
Likert scale questionnaires after each task. In the questionnaire, 1 means “strongly
disagree” and 7 means “strongly agree”. Three kinds of social presence factors are
addressed in a total of 12 items; a sense of being together is related to one item [11], a
sense of spatial co-presence is related to one item [12] and a sense of psychological
involvement is related to 10 items [14].
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Fig. 3. The actual experimental environment of the AR-based telecommunication: Each user
can see his or her virtual remote partner through the video see-through HMD and thus
communicate. (a) Manipulator stay with puzzle’s plate, (b) Manipulator’s view through HMD,
(c) Facilitator stay with complete puzzle’s image, (d) Facilitator’s view through HMD.

5.5 Results

In dealing with the questionnaire results, this paper took a survey of 32 participants
(i.e., 16 pairs) and analyzed each survey item’s reliability. For the comparative
analysis, the questionnaire results were analyzed using a within-subjects analysis of
variance (i.e., paired samples t-test), evaluated at an alpha level of .05.

These results indicated that the participants felt a significantly greater sense of
being together (p<0.05) and spatial co-presence (p<0.05) with AR-based
telecommunication. However, there was no significant difference in a total of 10
questions related to a sense of psychological involvement as mediated social presence
(p=0.113).
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Fig. 4. The graph of questionnaire results about a sense of being together and spatial
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Fig. 5. The graph of questionnaire results about a sense of psychological involvement as
mediated social presence

5.6 Discussion

According to the questionnaire result, an AR-based telecommunication system could
enable participants to feel a sense of being together and spatial co-presence. That is,
the telecommunication with AR technology with HMD is a better way to
communicate together like face-to-face than telecommunication with a 2D display.
However we cannot sure that the suggested factors are the best way to conduct AR-
based telecommunication. For a better telecommunicating experience, we would
clarify which of our factors are essential.
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In the case of the factor of psychological involvement, we should analyze more
detailed information in our experimental environment. The participant actually
communicated together with each other in verbal and non-verbal ways. Therefore, we
can explain the results precisely when we analyze the participants’ communication
patterns.

Finally, our AR-based telecommunication system requires adjustments to address
technical issues. In conducting the usability test, we found some technical problems
such as turning off and being suddenly unable to look at augmented people.

6 Conclusion

The purpose of the current study was to identify the proper factors of social presence
in experiencing AR-based telecommunication and to confirm the effectiveness by
conducting an empirical evaluation. We proposed three AR-based telecommunication
factors based on previous concepts of social presence. The evaluation was conducted
with 32 participants. According to the questionnaires results, the AR-based
telecommunication system was better than 2D display-based telecommunication
system in terms of feeling a sense of being together and spatial co-presence. However,
there was no significant difference in the result for psychological involvement.

To develop our concept, future research should closely analyze communication
patterns. Furthermore, we should improve our AR-based telecommunication system
to address technical and visual issues.

The present study examined a new method of augmented reality from a
telecommunication point of view. Then, we tried to present the fact that the concept
of social presence is an important cue for developing telecommunication system
based on AR technology. Additionally, conducting a well-ordered empirical
evaluation would be helpful in designing future telecommunication system.
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