
  

What Do You See When You Interact 
with Friends Online? Face, Hand, or 
Canvas?

Abstract 
People use plethora of interactive remote conference 
tools for various tasks ranging from collaborative works 
to entertainment needs. The tasks are often 
distinguishable in terms of their types and users' usage 
patterns. We present a preliminary user study designed 
to explore the different usage patterns derived by 
performing different types of tasks. In this study, 18 
people used an interactive remote conference tool for 
three types of tasks; Collaborative Creation, 
Cooperative Problem Solving, and Competitive Game 
Play with different screen configurations. We analyzed 
usage patterns using an eye-tracker as well as the 
result from post experimental questionnaire. We found 
that different tasks resulted in different gaze patterns. 
We also present an interesting finding on how users 
mistakenly report the use of the tool by contrasting the 
result with the questionnaire and eye-tracking log. 

Keywords 
Media space, online collaboration, eye-tracking. 

ACM Classification Keywords 
H5.2. Information interfaces and presentation (e.g., 
HCI): User Interfaces. 

General Terms 
Design 

Copyright is held by the author/owner(s). 

CHI 2011, May 7–12, 2011, Vancouver, BC, Canada. 

ACM  978-1-4503-0268-5/11/05. 

Kyle Koh 
School of Computer Science 
and Engineering, 
Seoul National University, 
599 Gwanak-ro, Gwanak-gu, 
Seoul 151-744, Korea  
kyle@hcil.snu.ac.kr 
 
Hyunjoo Song 
School of Computer Science 
and Engineering, 
Seoul National University, 
599 Gwanak-ro, Gwanak-gu, 
Seoul 151-744, Korea  
hjsong@hcil.snu.ac.kr 
 
Daekyoung Jung 
School of Computer Science 
and Engineering, 
Seoul National University, 
599 Gwanak-ro, Gwanak-gu, 
Seoul 151-744, Korea  
rati@hcil.snu.ac.kr 
 

Bohyoung Kim 
School of Computer Science 
and Engineering, 
Seoul National University, 
599 Gwanak-ro, Gwanak-gu, 
Seoul 151-744, Korea  
bhkim@cse.snu.ac.kr 
 
Jinwook Seo 
School of Computer Science 
and Engineering, 
Seoul National University, 
599 Gwanak-ro, Gwanak-gu, 
Seoul 151-744, Korea  
jseo@snu.ac.kr 
 



 

Introduction 
Interactive remote conference tools enable users to 
share and collaborate in multitudinous situations. In 
embodiment of these tools, video conferencing and the 
collaborative workspaces play significant roles [7]. The 
video conferencing providing auditory and visual 
feedback evokes socio-emotional interactions [5] while 
the collaborative workspaces act as a medium sharing 
the creations or information [2]. User interactions for 
the interactive remote conference tools can be modeled 
using the concept of Person Space (PS) and Task Space 
(TS) [1, 6]. The concept of Reference Space (RS) was 
also introduced to bridge the gap among the 
participants on the TS with a help of shared reference 
point [1]. 

The media used in most remote interaction tasks can 
be modeled on these spaces. When it comes to the 
tasks themselves, there are three major recurring 
themes; Collaborative Creation, Cooperative Problem 
Solving, and Competitive Game Play. Although all the 
three tasks utilize PS, TS, and RS in some forms, the 
relative importance of the spaces may vary depending 
on the characteristics of the tasks, which makes it non-
trivial to design efficient interfaces for remote 
conferencing tools without good metrics. 

We investigated users’ general usage patterns of the 
three spaces while performing the three tasks by 
analyzing eye-tracking data and subjective reports. We 
built a remote conference tool (see Figure 1) supporting 
the three tasks with malleable screens in order for 
users to customize them to reflect their preferences 
and perceived importance of each space.  

Materials and Methods 
We conducted a controlled user study to evaluate the 
effect of screen layout (Top-Mount, Side-by-Side, and 
Overlap) in terms of helping users perform three kinds 
of remote joint tasks; Collaborative Creation, 
Cooperative Problem Solving, and Competitive Game 
Play. 

Study Design 
To investigate how each element in media space affects 
online collaboration, we recruited 9 pairs of people (18 
total ranging from 21~38 year old. mean=26.6) in an 
active close relationship. Many prior works focused on 
the behavior of participants while they were 
collaborating online. However, many of them did not 
take into account relationship between the participants. 
We tried to eliminate the negative effects, caused by 
awkwardness from collaboration with strangers, by 
recruiting close couples or friends as participants. We 
had 2 male-male friendships, 2 female-female 
friendships, 1 female-male friendship, and 4 female-
male couples. 

We prepared two quad-core PCs with 46” LCD display 
running at a 1920x1080 pixel resolution, and connected 
them through 1 Gbps LAN connection. A 7” Wacom pen 
tablet was given to each participant as an input device. 
Tobii x60 eye tracker was installed on one of the PCs 
and logged eye movements of participants at the rate 
of 60Hz with the Tobii Studio. Microsoft LifeCam 
Cinema was installed on each PC for video and audio 
communication. We installed each system in separate 
rooms across the hallway. 

Before beginning real tasks, we gave participants 
sufficient amount of time (about 1~10 minutes) to get 

 

Figure 1. Remote conference tool with a 
participant performing a Cooperative 
Problem Solving task using one of the three 
screen layouts. He can change the layout by 
clicking on a layout preset button at the 
bottom right. 
In this figure, PS and TS are overlapped and 
RS was represented on TS as a pointing 
finger. 



 

used to the interface. We gave them a tutorial on how 
to use the tablet and how to manipulate objects on 
screen with it. They were asked to perform each 
interaction until they were comfortable with it. We also 
briefly demonstrated the eye tracker calibration 
procedure to each participant and made sure they got 
used to it. To maintain the eye-tracking accuracy, we 
calibrated the eye tracker before each task. After each 
task, we asked them to switch their seats to collect eye 
tracking data from both subjects. After each type of 
task, we asked them to fill out a post-condition 
questionnaire for subjective evaluation. The experiment 
took about 40 minutes including training sessions. After 
completing their session, participants were asked to 
answer a post-session questionnaire. Each question 
was presented in a 7-point Likert scale and one 
multiple choice of a preferred layout as well as free 
form comments. [Rating: 1=Strongly disagree; 
7=Strongly agree]. Each participant was given about 
$10. 

Interface and Task 
Prior studies implemented three kinds of spaces [1] in 
various forms, and most of them had a fixed layout for 
each space. We implemented those spaces using a 
customizable layout. Our interface consists of two 
resizable and moveable windows. One of them displays 
video transmitted from the other side of connection to 
show PS, and the other displays TS where both 
connected participants can interact simultaneously. The 
window also displays a virtual hand as RS when remote 
partner is interacting with TS. 

With full functionality of window layouts, we offered 
three kinds of presets as an initial layout for each task; 
Top-Mount, Side-by-Side, and Overlap. They are 

illustrated in Figure 2. We balanced the order of initial 
layouts throughout the study using a Latin Square 
design. Each pair of participants was asked to 
accomplish 3 types of tasks within 4 minutes for each. 
They performed two similar tasks for each task type. 

COLLABORATIVE CREATION: FILLING IN THE BLANK COMICS 
Participants (or couples) were asked to fill in the two 
blank scenes of a short comic strip with four scenes in 
total. We provided them with two scenes of contrasting 
pictures (e.g. one with a group of men watching 
something indifferently and the other with the same 
group excited). The couple worked collaboratively to fill 
the blank and complete a creative and coherent story.  

COOPERATIVE PROBLEM SOLVING: RIVER CROSSING PUZZLE 
We asked participants to solve river crossing puzzles 
which usually take some time to come up with a 
solution. We provided participants with a TS where we 
showed a graphical depiction of the initial problem state 
with a river and objects. The participants can come up 
with a solution by moving back and forth object icons 
across the river. They had free discussions about the 
problem while interacting with the TS to solve it in the 
time limit of 4 minutes. 

COMPETITIVE GAME PLAY: FIVE-IN-A-ROW (GOMOKU) 
Participants were asked to play Five-in-a-Row, also 
known as Gomoku, with their partners. Generally Five-
in-a-Row game ends when one of the players gets an 
unbroken row of five stones horizontally, vertically, or 
diagonally. We limited game time up to 4 minutes to 
prevent fatigue and stress. We showed the participants 
a grid structure on the TS and they played the game by 
drawing stones on junctions. We did not implement 
Five-in-a-Row using any specific rules, since it may 

     

(a) Top-Mount (b) Side-by-Side (c) Overlap 

Figure 2. Three Different Screen 
Configurations. (a) A Small PS on Top, (b) PS 
on the Left, (c) PS Overlapped by TS. 



 

vary depending on the participants’ origin. Instead, we 
asked them to decide the specific rules or forbidden 
plays as well as play order as they pleased, over video 
conferencing at the beginning of the match. 

RESULTS AND DISCUSSION 
We performed statistical analysis with eye-tracking 
data on various conditions to find the correlation and 
significant difference. While only few people changed 
the initial layout provided at the beginning of each task, 
we separated all “segments” of using a different layout 
during a task, so that the data from each segment 
represent the usage on a particular layout. When 
participants customized the layout to what is not one of 
three layouts provided, we categorized them into the 
closest layout, although different AOI (area of interest) 
regions had to be set manually for each custom layout 
for the eye tracker tool to match the gaze region and 
fixation. 

While it was clear to determine which part of the screen 
belongs to the TS AOI or the PS AOI in Top-Mount or 
Side-by-Side layouts, it was not easy for Overlap layout 
since the TS and PS literally “overlap.” We set it so that 
the entire window becomes TS, whereas only the 
bounding rectangular region of the partner’s face 
shown in the PS was set as PS AOI. When the partner’s 
face moved during the test, we started a new segment 
and set the bounding rectangle again. However, this 
can be still problematic because of the ambiguity when 
users gaze at the PS AOI. There is not any reliable way 
to detect the participants’ actual intention at any given 
moment. Thus in our analysis, they were counted as 
both TS and PS fixture. 

 

COMPETITIVE GAME PLAY INDUCES MORE GAZE TOWARDS 

PERSON SPACE 
According to Friedman’s test on the post-condition 
question, “It was important to see my partner’s face 
during this task,” participants showed significantly 
higher importance rating for Competitive Game Play 
than Collaborative Creation (p < 0.05, mean = 4.61, 
2.83 respectively.) Although it was not statistically 
significant, this result tends to be consistent with the 
eye-tracking data. Total fixation duration mean shows 
that participants looked at PS for 12.1% of time for 
Competitive Game Play whereas 9.5% of time for the 
Collaborative Creation. 

In the free form answer on the layout for Competitive 
Game Play, 4 participants said that the “Overlap was 
good because I could see my partner’s face 
simultaneously.” Even for other tasks, 4 people 
preferred the Overlap for the same reason. One person 
particularly stated that “it felt like drawing on the same 
board with my partner,” implying that he grasps the 
concept of Clearboard metaphor introduced in [3]. 
However, one participant did not like the idea of 
drawing on the partner’s face because it “felt like an 
unintentional scribbling prank.” One participant 
preferred Top-Mount layout because it felt “natural and 
familiar because its configuration is similar to that of 
the actual table.” This is an evidence of the benefit 
when physical proximity of a remote partner’s PS 
matches physical proximity if he/she were at the actual 
table as exemplified in [4]. 

IMPORTANCE OF REFERENCE SPACE ON COOPERATIVE PROBLEM-
SOLVING 
A result from Friedman’s test on the post-condition 
question, “I saw my partner’s hand movement often 

  

(a) Top  (b) Bottom 

Figure 3. (a) a layout with partial 
overlap. (b) a layout where a participant 
used different size of spaces while 
keeping them Side-by-Side 



 

during this task,” participants claimed to have seen the 
hand (RS) more for Cooperative Problem Solving than 
Competitive Game Play (p < 0.05, mean = 5.17, 4.11 
respectively). Also, on the question, “It was important 
to see my partner’s hand movement during this task,” 
participants showed significantly important rating for 
Cooperative Problem Solving than both Collaborative 
Creation and Competitive Game Play (p < 0.05, mean 
= 5.39, 4.11, 4.06 respectively.) In general, 
participants did not like Overlap layout because it can 
obstruct the Problem Solving task by obscuring the TS 
which they think “important” for the task. We found 
one interesting behavior by a participant who made her 
own partially overlapped PS and TS, so that they are 
co-located at similar proximity, but the partner’s face in 
PS did not overlap the TS (see Figure 3.(a)). 

IMPORTANCE OF TASK SPACE ON COLLABORATIVE CREATION 
Although we did not find any statistical significance, 
five participants expressed their opinion on the 
importance of large TS in their freeform comments. 
They preferred Overlap or Top-Mount layout because 
“they have a bigger drawing space.” One participant 
made his own Side-by-Side layout by enlarging the TS 
on the right and leaving PS on the left, unlike the equal 
sized configuration (side-by-side) provided by default 
(see Figure 3.(b)). 

Perceived behavior vs. Observed behavior 
A result from Friedman’s test on the post-condition 
question, “I saw my partner’s face often during this 
task,” for the Collaborative Creation task, participants 
claimed to have seen the PS significantly more while 
using Top-Mount layout than either Side-by-Side or 
Overlap layout (p < 0.05, mean = 4.67, 2.33, 2.17 
respectively). We found this interesting since the size of 

the PS is actually the smallest when using Top-Mount 
layout, hence the pure-expected gaze on it to be the 
smallest. We made the first attempt to see if the eye-
tracking data showed a consistent result. Mann-
Whitney test on the ratio of gaze fixation on the PS 
over the entire fixation on both PS and TS did not show 
any significant effect on the layout (p = 0.14).  
However, we found one extremely outlying case in the 
data and decided to analyze further after excluding it. 
On average, people looked at the partners’ face for only 
2.5% of the entire task time, compared to the outlier 
who looked at the partner’s face for 21% of the time. 
The male subject stated that they “only have been 
together for less than 100 days” and the partner was 
his “first girlfriend ever.” Without the outlier’s data, it 
turned out that people actually looked the PS 
significantly more when using the Side-by-Side layout 
than the Top-Mount layout (p = 0.03), which was the 
opposite of what the participants said in the 
questionnaire. 

A result from Friedman’s test on the post-condition 
question, “I saw the task-space often during this task,” 
for the Competitive Game Play, participants claimed to 
have seen the TS significantly more while using Side-
by-Side layout than either Top-Mount or Overlap layout 
(p < 0.05, mean = 6.83, 5.00, 5.17 respectively). This 
was also interesting since the size of the TS on Side-
by-Side layout is the smallest compared to other two 
layouts. We performed Mann-Whitney test on the ratio 
of gaze fixation like we did before to confirm this 
behavior and found out that participants actually looked 
at the TS significantly more when using Top-Mount 
layout than Side-by-Side layout (p = 0.0047), which 
was the opposite of what the participants said in the 
questionnaire. Further study is necessary to figure out 

 

 

(a) Top  (b) Bottom 

Figure 4. Comparison of Fixation 
Duration Ratio. TS received more 
fixation duration in Top-Mount layout, 
and PS received more fixation duration 
in Side-by-Side layout. 



 

the reasons behind this discrepancy between perceived 
attention and actual attention. The relative proportion 
of eye-gaze on each space is summarized in Table 1. 

CONCLUSION 
We explored the different usage patterns from three 
different types of tasks while dealing with an interactive 
remote conference tool. From a user study, we found 
three interesting findings. First, the participants 
claimed that the PS was more important when 
performing the Competitive Game Play than 
Collaborative Creation. Second, the participants claimed 
to have seen the RS more often for Cooperative 
Problem Solving than for the Competitive Game Play 
and thought it was more important for the Cooperative 
Problem Solving compared to both Competitive Game 
Play and Collaborative Creation. Above two findings 
reflect the characteristic of each task and the relative 
uses of the spaces. The last interesting finding was the 
users’ reporting to have behaved in a completely 
opposite way they actually behaved. The observed 
behavior from the eye-tracking log showed a significant 
gaze pattern on one space, while the survey result 
showed significant gaze pattern on a different space. 

We did not consider interaction between more than 2 
subjects at a time. Interaction among 3+ users may 
require multiple PS's. It will be interesting to see how 
our gaze patterns are distributed among them. 

Also, we are interested in the interaction techniques 
and how TS and RS can be implemented on small 
mobile devices with screens smaller than 4 inches, 
since most of current smart phone conferencing tools 
solely rely on PS exclusively. 
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 PS TS 
Collaborative 

Creation 
9.2 90.8 

Cooperative 
Problem Solving 

6.6 93.4 

Competitive 
Game Play 

10.7 89.3 

Table 1. Relative proportion (in percent) 
of eye gaze on PS and TS for each task. 
RS was not explicitly measured in the 
experiment. 


