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ABSTRACT

Video-mediated communication systems attempt to provide users 
with a channel that could bring out the “feeling” of face-to-face 
communication. Among the many qualities these systems aim for, 
a high level of Social Presence is unquestionably a desirable one; 
however, little effort has been made to improve upon the user’s 
perception of “presence”. We propose an AR approach to enhance 
social presence for video-mediated systems by allowing one user 
to be present in the other user’s video image. By using one extra 
camera on both sides, our system captures and merges the hand 
image from/to both sides resulting in an augmented experience 
where each user can “reach” to the other user’s world. We 
conducted a preliminary pilot study with 10 participants coupled 
in 5 pairs in order to evaluate our system compared to the 
traditional video-chat setup. Tasks with varying equality of roles 
for the participants were performed. Results indicated that our 
system has higher degree of social presence compared to 
traditional video-chat systems. This conclusion was supported by 
the positive feedback from the subjects. 
KEYWORDS: augmented reality, social presence, video-mediated 
communication. 

INDEX TERMS: H.5.1 [Information Interfaces and Presentation]: 
Multimedia Information Systems—Artificial, augmented, and 
virtual realities—Evaluation/Methodology; H.4.3 
[Communications Applications]: Computer conferencing, 
teleconferencing, and videoconferencing. 

1 INTRODUCTION

Video mediated communication systems are widely spread and 
easily accessible in their “video-chat” form, reason why it is one 
of the most popular communication channels being used between 
remotely located people. Traditional video-chat systems rely 
primarily on the two-way video/audio feedback in order to cover 
the cues for an efficient human-human communication. However, 
taking into account that face-to-face communication is the optimal 
communication case, there are a number of natural non-verbal 
communication cues which help one to convey the message, 
including gaze direction, proximity behavior and pointing in space 
[1][2].  

Researchers have since explored new concepts to offer a more 
complete experience. The idea of Shared Space is one of them. 
Shared space draws similarities with Collaborative Virtual 
Environments (CVE) in which participants and information share 
a common display space [3]. Even though it has been proven that 
using a dedicated shared space environment improves the results 

of certain tasks [4][5], it does not address the effect of having an 
additional separated environment aside from the users’ real world. 

In HyperMirror [6], a shared scene is created by capturing the 
front view of the users on one side and merging the images of all 
users in one video image. Although the resulting image displays 
all users as if they were side-by-side in front of a mirror, a user 
trying to interact with another sideways has to keep the focus 
forward.  

In this work, we intend to improve upon the traditional video-
chat setup which typically consists of two windows being 
presented to both ends: one to display the user’s own video image 
and another one to show the remote person. By adding one extra 
camera focusing on a shared space with monochromatic 
background, a user can place his/her hand/s inside this space and 
then have them combined with the other user’s face image. At the 
same time it simulates their coexistence, it stimulates different 
interaction patterns as previously reported by [7]. We advocate 
that this has the potential to enhance social presence. 

Social presence has been defined as the salience of the partner 
in a mediated communication and the consequent salience of their 
interpersonal interactions [8]. However, [9] also distinctively 
points out that social presence has been shown to relate more to 
the user’s perception of a medium’s ability to provide salience of 
another as opposed to measuring the actual perceived salience of 
another person. For this work, social presence is targeted as the 
measure to perceive how much the presence of one user’s video 
image into another user’s video image can enhance sense of 
“being part of” each other’s environment. 

2 HANDY SYSTEM

In our proposed system, the main idea is to minimize the feeling 
of being geographically separated by allowing one user to be part 
of the video image of the other user. Figure 1 shows a comparison 
between the setup of a traditional video-chat system and our 
proposed system, referred to as HANDY. In the former, User B 
(in red background) has one camera capturing his face image 
which is displayed in the small window on top of User A’s face 
image (in blue background) in the big window. Users are 
restricted to interact in their own environment.  

In the latter, HANDY system, there is an extra camera focusing 
on the hand gestures alongside the camera in the traditional setup. 
The hand image is then sent and merged into the other user’s face 
image. In Figure 1, it is possible to see the hand of User A merged 
with User B’s face image in the small window and the hand of 
User B merged with User A’s face image in the big window, as if 
they had crossed to the other side. 

The shared space requires a training phase using the second 
camera (hand camera) using the first n initial frames containing 
the monochrome background. The training step is necessary to 
allow the segmentation of foreground and background pixels from 
an incoming frame according to a threshold value t. After this 
segmentation, the background is subtracted and the image’s parts 
of interest (the hands) are merged with the remote user’s video 
image in real time. 
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Figure 1. Conceptual images of the setup for a traditional video 

chat system (above) and HANDY system (below) considering 

user B’s view. 

 
The use of a simple technical solution made it affordable when 

applying it to video-chat system in contrast to more complex 
solutions such as pure Augmented Reality. In addition, it 
accelerated the prototyping process. The idea is to demonstrate the 
potential of the system by achieving equivalent visual results 
without the need to implement all the complexity involved in the 
pure AR solution. Nevertheless, the use of a high quality virtual 
image along with the proper 3D registration could potentially 
bring a more polished and highly interactive result. 

3 EVALUATION 

We designed a pilot user study comparing HANDY against the 
traditional video-chat system to evaluate the degree of Social 
Presence as well as Ease of Use, Enjoyment, Ease of 
Communication, Intuitiveness, Ease of understanding and 
Closeness. Co-presence was introduced as a measure of mutual 
perception. We had a total of 10 participants in the study 
comprising 8 Japanese students and 2 Foreign students, 23 to 35 
years old (average 25.5), all male, all graduate students from the 
Interactive Media Design Lab. They performed in pairs 
throughout the experiments.  

Overall, three tasks were performed by each pair: a Rock-paper-
scissors game; a Puzzle Matching where participants had to find 
the match for each puzzle; and an Origami Training task where 
one user taught another how to fold the paper into a pre-
determined shape. 

Our hypotheses about the study’s outcome were mainly 
targeting Social Presence and they can be described as follows: 

H10: HANDY On and HANDY Off generate a similar degree 
of measured social presence. 

H1a: HANDY On generates a higher degree of measured social 
presence in comparison on HANDY Off. 

 

 
Figure 2. Social Presence average ratings and standard errors. 

 

Despite the small number of samples, significant differences 
were found between conditions for all factors. Post-hoc 
comparisons showed that social presence was significantly higher 
in condition HANDY On (Mean=3.59, StDev=1.14, p<0.05) than 
HANDY Off (Mean=4.54, StDev=1.27, p<0.05). Figure 2 shows 
the means of social presence for each condition over the tasks. 
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