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ABSTRACT 
In this paper, we describe the design of eyeView, a video 
conferencing system that uses participant looking behavior 
to determine the size of online video conferencing windows. 
The system uses an elastic windowing algorithm that 
enlarges the image of the person most looked at by others, 
while maintaining a contextual view of other remote 
participants. eyeView measures interest by gauging whom 
participants look at using an eye tracker embedded in the 
display. Users can enter side conversations by looking at 
each other, and pressing the space bar. Cocktail-party 
filtering is aided by attenuating audio sources outside the 
social network constituted by glances between participants. 
By allocating both screen and audio real estate according to 
the joint attention of participants, eyeView supports smooth 
allocation of focus on the speaker, while maintaining 
awareness of the group. 
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INTRODUCTION 
In recent years, the use of video conferencing for remote 
meetings has gained interest.  One reason for the increased 
demand for video conferencing is the prevalence of 
geographically dispersed teams who are dependent on 
mediated communication tools [3]. However, there are still 
a number of challenges associated with the use of video 
conferencing tools by large groups.  Firstly, the 
conversational structure of group conferences is much more 
complicated than its dyadic equivalent, and thus more 
difficult to manage [11].  In particular, when there are many 

potential speakers, it may be difficult to determine who is 
talking to whom [13].  In addition, meetings with more than 
3 participants have a tendency to form side conversations, 
which makes the conversational structure even more 
complex. Side conversations are hard to initiate in video 
conferences because it is difficult to obtain the attention of 
specific participants without distracting the rest of the 
meeting.  Once a side conversation is started, it may be 
difficult to follow one amongst several competing 
conversational threads. In face-to-face side conversations, 
humans focus their attentional capacity on the speaker of 
interest through what is known as the Cocktail Party 
phenomenon [6]. Here, the brain uses visuo-spatial, 
auditory-spatial and semantic conversational cues to tune its 
attentive system to a single cohesive message from a single 
conversational source. These cues are typically lost in 
mediated communication systems, making it difficult to 
focus on a single speaker [13]. Most video conferencing 
tools also do not convey eye contact, which plays a crucial 
role in the regulation of conversational attention during 
multiparty communications [2,11,13]. We believe that the 
conveyance of visuo-spatial as well as audio-spatial cues 
serves a critical role in managing focus of attention during 
large tele-conferences. 

We addressed the above concerns in our design of eyeView, 
an attentive video conferencing system that uses the 
looking behavior of participants to determine the size of 
video images of other participants. The system uses an 
elastic windowing algorithm that enlarges the image of the 
person of most interest, while maintaining a contextual 
view of other remote participants. eyeView measures 
interest by gauging whom participants look at using an eye 
tracker embedded in each participant’s display. The person 
most looked at is rendered in a large focus window. Users 
can enter side conversations by looking at another 
participant’s video image, and pressing the space key. 
During a side conversation, audio from participants that do 
not take part in the side conversation is automatically 
attenuated. As such, eyeView aims to support smooth 
allocation of focus on the speaker, while maintaining 
awareness of individuals in large group conferences. 

Copyright is held by the author/owner(s). 
CHI 2005, April 2–7, 2005, Portland, Oregon, USA. 
ACM 1-59593-002-7/05/0004. 
 

CHI 2005  |  Late Breaking Results: Posters April 2-7  |  Portland, Oregon, USA

1497



BACKGROUND 
The communication of user attention during remote online 
meetings has been researched extensively.  Eye gaze plays 
an important role in determining the conversational 
attention of others, i.e., whom others speak or listen to. 
According to Vertegaal et al. [14], when someone is 
listening to a speaker, there is an 88% likelihood that the 
listener is gazing at the speaker. Conversely, there is a 77% 
chance that the speaker is looking at the addressed 
individual.   As such, the eye gaze of interlocutors provides 
an effective non-verbal cue that is used as a signal for 
managing the turn taking process. A number of studies have 
investigated the role of eye gaze in the context of multiparty 
conversations.  Vertegaal and Ding [12] found that 
increased levels of eye gaze led to an increase in speaking 
turns during multiparty conversations. In general, people 
are more likely to speak when they receive eye gaze from 
their conversational partners.   There are two explanations 
for this: 1) the perception of eye contact makes it easier to 
take turns or 2) the perception of eye contact helps to 
regulate social intimacy, leading to greater participation.  
According to Argyle’s equilibrium of intimacy theory, 
people use eye contact to regulate their social distance [2].  
Too much or too little social intimacy makes participants 
feel uncomfortable.   

Focus+Context in Video Conferencing  
The physiology of the eye restricts the range of high acuity 
vision to approximately 2-5 degrees of visual angle around 
the center of the fovea [4]. High-resolution foveal vision is 
crucial in allowing users to observe the facial expressions 
and eye gaze of others. However, when the group of 
participants in a video conference is large, there may not be 
enough screen real estate available to render each 
participant in sufficient detail. It is therefore beneficial to 
allocate screen real estate according to interest. In group 
conversations, the most interesting participant is typically 
the speaker [11,14]. As such, traditional conferencing 
systems often dedicate the full screen to the currently active 
speaker, as determined by simple volume thresholds. One 
of the issues with such systems is that they typically do not 
allow a contextual overview of all participants. 
Furthermore, the use of volume thresholds may lead to 
oscillatory behavior during speaker switches. In eyeView, 
we addressed the above problem by instead using the 
looking behavior of the group to decide who is the person 
of most interest to others. This person is rendered in a larger 
high-resolution focus window, which is surrounded by 
contextual thumbnail views of others. 

Prior Systems 
A number of systems have been developed that helped 
improve the effectiveness of video conferencing by 
leveraging the information provided by participants’ eye 
gaze. The Hydra system simulated a four-way round-table  

 
Figure 1. Attentive Videotunnel. To prevent horizontal 
parallax, an eyetracker mounted in a video tunnel selects the 
camera closest to the gaze position of the user for broadcast. 

meeting by placing three boxes containing a camera, a 
small monitor and speaker in the place that would otherwise 
be held by that participant. This way, when person A looks 
at person B, B is able to see A turn to look at him. Okada et 
al.’s MAJIC system [10] used a more elaborate setup in an 
attempt to achieve a seamless integration of life-size images 
of the other participants with each participant’s real work 
environment. Each office contained a thin half-transparent 
curved projection screen projecting life-size video images 
of the other participants. Behind each projection screen, 
video cameras are located at the center of the projected 
faces of the other participants, thus conveying eye contact 
between participants. Instead, the GAZE Groupware 
System [13] used an eye tracker to measure whom each 
participant looks at. This is conveyed to others by rotating a 
2D static image of the participant in 3D space towards the 
attended individual. GAZE-2 extended the original GAZE 
system by including motion video. It also introduced the 
use of Cocktail Party filtering techniques to support side 
conversations [15].  

The windowing system in eyeView was inspired by that of 
the EyeWindows media browser [7].  This media browser 
uses an elastic windowing algorithm to allocate screen real 
estate to video windows. It uses an eye tracker integrated 
into the display to track which window the user looks at.  
Users can zoom this window into a focus window by 
pressing the space bar after a fixation. One of the key 
benefits of using an elastic windowing system is that the 
focus window will never obscure other windows. CoMedi 
[5] used elastic windowing in a media space that consisted 
of a multi-window porthole display. However, in CoMedi, 
users were required to allocate screen real estate manually.   

IMPLEMENTATION  
To implement the eyeView system, we used a GAZE-2 
attentive video tunnel [15] with integrated LC Technologies 
eye tracker [9] (see Figure 1). The video tunnel [1] consists 
of a box with a half-silvered mirror placed at a 45-degree 
angle to an LCD display. A large number of webcams, 
typically one per participant, can be placed behind this 
mirror, in a way that is invisible to the user. The eye tracker 
inside the box measures which webcam the user is currently 
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looking at, automatically switching the video conferencing 
system to that camera. This allows participants to observe 
eye contact with each other at all times, without any 
discernable parallax. The image from the currently active 
camera is broadcast to other users as a DirectShow Media 
Stream [7].  

The eyeView windowing environment is based on the 
EyeWindows media browser [7]. EyeView can connect to 
any number of DirectShow Media Streams, placing each 
stream into a separate window tile (see Figure 2). Its elastic 
windowing system allows for a single focus window, which 
is zoomed automatically (the bottom-left window in Figure 
2). All surrounding windows are shrunk proportionally, 
using an elastic windowing algorithm (we refer to [8] for a 
more detailed description of the algorithm). While this is 
not necessary to maintain consistency, eyeView typically 
renders all participants to a meeting, including a self-view. 

Vote Counting Mechanism 
EyeView deploys a simple vote counting mechanism to 
decide which participant receives the focus window. The 
eye tracker inside the video tunnel of each eyeView system 
measures what window the corresponding participant looks 
at. This information is broadcast alongside the video stream 
to other eyeView systems in the meeting. The participant 
with the largest number of votes receives the focus on all 
systems. This allows all participants to obtain a high-
resolution image of the most interesting person in the 
meeting, typically the speaker.  

Side Conversations and Cocktail Party Filtering 
To support side conversations, the eyeView system also 
supports the allocation of a focus window to individual 
participants. Figures 2 and 3 show the eyeView system as 
seen by participant A. When participant B wishes to request 
a side conversation with participant A, she looks at 
participant A’s window, while pressing the space bar. This 

causes a red boundary box to appear around participant B’s 
window on A’s screen (see Figure 2). When participant A 
looks at participant B’s window in response, a red boundary 
box appears around her window on B’s screen. Participant 
A can authorize the side conversation by pressing the space 
bar while looking at participant B’s window. This causes 
participant A’s window to become the focus window on 
participant B’s screen, and participant B’s window to 
become the focus window on participant A’s screen (see 
Figure 3). Once a side conversation is entered, the eyeView 
system attenuates audio streams from participants not 
partaking in the side conversation. This artificial cocktail 
party filter helps participants focus on their conversation. 
The side conversation is ended by pressing the space bar. 
This use of a keyboard command for entering and exiting 
side conversations avoids inadvertent triggering of side 
conversation while glancing at other participants [16]. The 
number of participants to an eyeView side conversation is 
currently limited to two.  

SCENARIO OF USE 
Christine is a manager of a software development project. 
She is meeting with her team, which consists of 8 
developers located in different offices around the country.  
Christine sets up a video conference using her eyeView 
system.  All 9 meeting participants appear on her attentive 
video tunnel (see Figure 2). When the meeting begins, all 
windows are of equal size. Christine leads the discussion by 
putting forth the agenda. All developers are looking at her, 
causing her video image to become the focus window on all 
participants’ eyeView systems. After Christine is done, Jeff, 
her lead developer, takes the floor. As Jeff takes the floor, 
the gaze of participants shifts, causing Jeff’s image to 
automatically zoom on all screens. While Jeff is talking, 
Judy needs an update from Christine on the sales figures for 
the current software version. She looks at Christine’s image 
and presses the space bar. A red box appears on Christine’s 

 
Figure 2. EyeView system with focus window on the 
current speaker. A side conversation is requested by the 
person in the center. 

 
Figure 3. After the side conversation is accepted, the 
focus window shifts to the new conversational partner. 
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screen surrounding Judy’s image. Since Christine is 
attending to Jeff’s report, she decides not to accept Judy’s 
request. As Christine briefly glances at Judy, a red box 
appears on Judy’s screen, surrounding Christine’s image. 
As Christine shifts her gaze back to Jeff, Judy notices the 
box disappear, suggesting Christine is unwilling to grant 
her request. After Jeff is done speaking, Christine looks at 
Judy, and presses her space bar. Judy notices her request for 
a side conversation, and accepts by pressing the space bar 
while looking at Christine (Figure 3). As they enter a side 
conversation, the voice of the current speaker fades into the 
background, allowing Christine and Judy to focus on their 
discussion of the sales figures. So as not to interfere with 
the ongoing conversation, audio streams from Christine and 
Judy are attenuated on all other systems. When Judy is 
satisfied with Christine’s explanation, she presses the space 
bar to go back to the plenary meeting. This causes the 
current speaker to regain the focus window on her screen. 

The above scenario illustrates how eyeView automatically 
allocates the focus window in a manner that corresponds to 
conversational turn taking. By allocating both screen and 
audio real estate according to the joint attention of 
participants, eyeView supports smooth allocation of focus 
on the person of most interest to others, while maintaining 
awareness of the group. 

CONCLUSIONS 
We presented eyeView, a video conferencing system that 
uses other participants’ looking behavior to determine the 
size of video conferencing windows. The system uses an 
elastic windowing algorithm that enlarges the image of the 
person of most interest, while maintaining a contextual 
view of other remote participants. eyeView measures 
interest by gauging whom participants look at using an eye 
tracker embedded in an attentive video tunnel display. 
Users can enter side conversations simply by looking at 
each other. Cocktail-party filtering is aided by attenuating 
audio sources outside the social network constituted by 
glances between participants. By allocating both screen and 
audio real estate according to the joint attention of 
participants, eyeView supports smooth allocation of focus 
on the speaker, while maintaining awareness of the group. 

REFERENCES 
1. Acker, S. and Levitt, S. Designing videoconference 

facilities for improved eye contact. Journal of 
Broadcasting & Electronic Media 31(2), 1987. 

2. Argyle, M. and J. Dean, Eye-contact, Distance and 
Affiliation. Sociometry 28, 1965, pp. 289-304. 

3. Axtell, C.M., S.J. Fleck, and N. Turner. Virtual Teams: 
Collaborating Across Distance. In International Review 

of Industrial and Organizational Psychology, C.L. 
Cooper and I.T. Robertson, Editors, 2004. 

4. Baudisch, P., et al., Focusing on the Essential: 
Considering Attention in Display Design. 
Communications of the ACM 46(3), 2003, pp. 60- 66. 

5. Coutaz, J., et al. CoMedi: Using Computer Vision to 
Support Awareness and Privacy in Mediaspaces. In 
CHI’99 Conference on Human Factors in Computing 
Systems, 1999. 

6. Cherry, C. Some experiments on the reception of 
speech with one and with two ears. In Journal of the 
Acoustic Society of America 25, 1953, pp. 975-979. 

7. Fono, D. and R. Vertegaal. EyeWindows: Evaluation 
of Eye-Controlled Zooming Windows for Focus 
Selection. In Proc. of CHI'05 Conference on Human 
Factors in Computing Systems, 2005 (in press). 

8. Kandogan, E. and Shneiderman, B. Elastic Windows: 
A Hierarchical Multi-window World-Wide Web 
Browser. In Proc. of UIST’97 Symposium on User 
Interface Software and Technology, 1997, pp. 169-177.  

9. LC Technologies. Eyegaze System. 
http://www.eyegaze.com 

10. Okada, K., Maeda, F., Ichikawaa, Y., and Matsushita, 
Y. Multiparty Videoconferencing at Virtual Social 
Distance: MAJIC Design. In Proc. of CSCW’94, 1994, 
pp. 385-393. 

11. Sellen, A.J., Remote Conversations: the Effects of 
Mediating Talk with Technology. Human Computer 
Interaction 10(4), 1995. 

12. Vertegaal, R. and Y. Ding. Explaining Effects of Eye 
Gaze on Mediated Group Conversations: Amount or 
Synchronization? In Proc. of CSCW’02 Conference on 
Computer Supported Collaborative Work, 2002. 

13. Vertegaal, R. The GAZE Groupware System: 
Mediating Joint Attention in Multiparty 
Communication and Collaboration. In Proc. of CHI’99 
Conference on Human Factors in Computing Systems, 
1999. 

14. Vertegaal, R., et al. Eye Gaze Patterns in 
Conversations: There is More to Conversational 
Agents Than Meets the Eyes. In Proc. of CHI'01 
Conference on Human Factors in Computing Systems, 
2001. 

15. Vertegaal, R., et al. GAZE-2: Conveying Eye Contact 
in Group Video Conferencing Using Eye-Controlled 
Camera Direction. In Proc. of CHI '03 Conference on 
Human Factors in Computing Systems, 2003. 

16. Zhai, S., What's in the Eyes for Attentive Input. 
Communications of the ACM. 46(3), 2003, pp. 34-39. 

 
 

 

CHI 2005  |  Late Breaking Results: Posters April 2-7  |  Portland, Oregon, USA

1500


