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Abstract –
Field-of-view limitation has been a long-standing issue in video communication systems. With the devel-
opment of omnidirectional panoramic technology, the omnidirectional camera, which can provide a 360 °
field-of-view, has been getting more and more popular within the last few years. Previous research indicated
that one-way video communication systems with a wider field-of-view improve task efficiency with fewer
collisions. Therefore, we propose to utilize omnidirectional cameras in a symmetrical video communication
system and study how the shape of the display affects the performance of the panoramic video communi-
cation in remote collaboration. By conducting experiments with two conditions (omnidirectional camera +
spherical display vs. omnidirectional camera + horizontally placed 2D flat display), we analyzed what is the
impact of display types on 360 ° video communication. Our results show that the spherical display is slightly
better and both types of displays have their advantages and disadvantages. The findings contribute to our
understanding of how to design an environment for remote collaboration with a 360 ° shared view of spaces.

Keywords : Remote collaboration, video communication, telepresence, spherical display, field-of-view,
omnidireciontal camera

1 INTRODUCTION

A long-standing problem with video communication
systems was the limitation of the field-of-view. Gaver et
al. [1] [2] and Fish et al. [3] pointed out that the narrow
field-of-view limits peripheral awareness of activities in
a remote scene and often makes remote activities unno-
ticed.

Meanwhile, with the development of 360 ° technol-
ogy, one of the recent trends in cameras is omnidirec-
tional cameras, and several products have been commer-
cialized in the last few years. Unlike traditional cam-
eras, such new cameras can capture panoramic images in
one shot which provides up to 360 ° field-of-view. Such
technologies seem to open new possibilities to solve the
problem of a narrow field-of-view. For example, John-
son et al. [4] compared three kinds of the field-of-view
video feed from a telepresence robot, narrow (45 ° ), wide
angle (180 ° ), and panoramic (360 ° ), and their results
showed that wider views supported better task efficiency
and fewer collisions. However, the panoramic field-of-
view increased the complexity of the visual image and
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図 1: The 360 ° video communication systems. Local room
and remote room are connected by two different types of 360 °
video communication systems, which are combining a omnidi-
rectional camera with a spherical display(upper left)(lower left)
or with a horizontally placed 2D flat display(upper right)(lower
right).
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required a greater cognitive load than a narrower field-of-
view. In this paper, we are interested in knowing whether
these issues of increased complexity, workload, and asym-
metricity of communication could be improved by using
a more proper camera-display configuration. We are in-
terested in whether this issue could be improved by using
a more proper display. Current popular displays for 360 °
contents such as the virtual reality head-mounted display
(VR HMD), the panoramic dome display, or regular 2D
monitors, present some issues when used for video com-
munication. For example, the VR HMD covers most of
a user’s face, hindering facial expressions which are im-
portant in communication [17]. Besides, if users on both
sides wear HMDs, it won’t be possible for them to view
both actual environments. Also, wearing HMD for a long
time and walk around may cause physical and eye fatigue.
Immersive projection technologies such as a panoramic
dome display [15] or a cave display [16] confine users in-
side their space which limit user’s interactions with the
real environment.

An alternative solution may be to use a spherical dis-
play [5]. Due to its three-dimensionality, we can expect
that a spherical display could naturally display the 360 °
images and reduce observers’ cognitive load. Li et al. [6]
proposed OmniEyeball as a new 360 ° video communi-
cation device. They embedded omnidirectional cameras
into a spherical display system. The OmniEyeball can
capture a 360 ° live video stream, send the data via the
wireless connection and also display the live video feed
from another OmniEyeball on its spherical surface. Be-
cause the system can exchange the image of the whole en-
vironment around the devices, users are not constrained
by the camera position or display orientation, i.e. users
can position themselves anywhere around the device. Li
et al. expected that the 360 ° video communication us-
ing the OmniEyeball could improve the performance of
remote communication. However, they have not reported
any user study with the system.

Therefore, the aim of our study is to explore the possi-
bility of using an omnidirectional video communication
system in symmetric video communication. We investi-
gate how the shape of the displays affects remote collab-
oration involving a real physical environment. The find-
ings contribute to our understanding of how to design an
environment for remote collaboration and to capture and
display a 360 ° view of a remote site.

2 RELATED WORK

2.1 Effect of Field-of-view in Video Communica-
tion

Problems caused by narrow field-of-view of a video
camera has been discussed since the early studies of video
communication systems [3] [1] . Fish et al. pointed
out that reciprocity between participants such as ”if you
can see someone else, they can see you” [3] was not
maintained in their VideoWindow system. To challenge
this issue, Gaver et al. proposed to use multiple cameras
and monitors to cover a wider range in a collaboration
space. However, they found that ”the necessity of switch-
ing among views increased the difficulty of establishing
the relations among them and negotiating a mutual orien-
tation towards the task [1].”

In their subsequent study, Gaver et al. [2] tested the ef-
fect of a remote-controlled camera while it revealed var-
ious problems due to unavoidable features of mechanical
systems in control. Then, as a future direction, they sug-
gested employing fisheye view image [7]. Recently, Luff
et al. [10] have conducted an experiment using multiple
telepresence robots. However, they also suffered from
the narrow field-of-view problem and suggested employ-
ing spherical images. To investigate how the different
fields of view affect remote collaboration, Johnson et al.
compared three field-of-view angles for a camera on a
telepresence robot [4]. Their experimental results indi-
cated that wider field-of-view supported better task effi-
ciency and fewer collisions. However, they pointed out
that users felt more difficulty with panoramic view.

Meanwhile, some studies have already proposed video
communication systems that enable the exchange of wide
field-of-view images symmetrically. CamBlend [8] was
a video conferencing system that integrated wide field-
of-view (180 ° ) images with high-precision in-context
views. However, this system could cover only one side
of the room. t-Room [9] is a room size video commu-
nication system that exchanges panoramic images of the
two rooms over the distance. However, the shared area in
the t-Room is constrained to the area close to the screen
surfaces.

Therefore, it is still challenging to realize a symmetri-
cal video communication system that enables to exchange
spherical images over the distance.

2.2 Spherical Image System
As suggested by Gaver et al. [7] and Liccope et al.

[10], we are interested in using spherical images for video
communication. In this section, we briefly review the
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technologies related to spherical images.
Various display methods have been proposed to view

such spherical images. One method is to simply use an
ordinary 2D flat display. For example, the whole spheri-
cal image can be shown by distorting the image in a cir-
cular shape or, to reduce the distortion, by showing part
of the image and allowing users to control the viewing
orientation using cursor keys or a pointing device (Quick-
Time VR or Application of Ricoh Theta). Instead of us-
ing an ordinary 2D flat display, there are some alterna-
tive methods. An advanced method is to use a spheri-
cal display. GEO-COSMOS [11] is the world’s first full-
color spherical display. With the advance of projection
technologies, however, several smaller spherical displays
have been prototyped [5] [12] [13] and are even commer-
cially available now.

To overcome the long-standing problem of a narrow
camera field-of-view, we are interested in using spheri-
cal images for video communication. To the best of our
knowledge, in spite of the availability of spherical cam-
eras and displays, no studies have explored how such
technologies can support symmetric video communica-
tion. Especially, it is important to explore the usability
issue. Therefore, this study compares two display meth-
ods for 360 ° images: 2D flat displays and spherical dis-
plays.

3 PANORAMIC VIDEO COMMUNICATION

SYSTEM

We created a panoramic video system by integrating
the omnidirectional camera with a display, which could
be a spherical display or a 2D flat display. For example,
we integrated the WorldEye spherical display with the
Kodak PIXPRO SP360 4K camera to create the spherical
panoramic video system, shown in Figure 2. The Kodak
omnidirectional camera is put on the top of the WorldEye
display. The WorldEye display is a hemispherical display
sold by Gakken Sta:Ful Co with an output resolution of
480*480, which is 230,400 pixels. By showing a round
image in the WorldEye display, it can directly map the
round image onto its hemispherical screen. The Kodak
camera is equipped with a fisheye lens which covers a
235 ° field-of-view. It compresses the 235 ° space into
a fisheye image by equidistant projection, and the fish-
eye image can be easily shown in the WorldEye display.
The Kodak camera can output a live video stream which
has 1440*1440 resolution with 5fps over a USB connec-
tion. Then the graphics system receives the live video

図 2: The diagram of the panoramic video system. The input of
the system is from the Kodak camera. The output is either on
the spherical display or the 2D flat display.

stream from the Kodak camera and converts the resolu-
tion to 480*480 to show it on the WorldEye display.

In this study, for panoramic video communication, we
interconnected two identical panoramic video terminals
in different rooms via LAN (local area network). To be
more specific, live video stream captured by the local om-
nidirectional camera is transformed to 480 × 480 pix-
els, transferred to the remote counterpart terminal using
TCP/IP protocol, and displayed on the remote hemispher-
ical display. For audio transmission, we used Skype.

For the 2D flat display type, we employed a DELL 24
inch display. To minimize the difference between the two
types of displays, the PPI (pixels per inch) were set to be
the same to achieve the same display effect under both
conditions. Otherwise, we employed the same technolo-
gies for audio/video transmission.

This omnidirectional communication system requires
careful directional calibration to enable one-to-one com-
munication between two environments. For instance, the
orientations of cameras and spherical displays should be
properly configured in a way that if a local person stands
across from a remote person (in the display) at one end,
the remote person should stand across from the local per-
son at the other end.

4 EXPERIMENT

Utilizing the symmetric panoramic video communica-
tion system, we carried out an experiment to explore the
possibility of using omnidirectional cameras for remote
collaboration and also study the impact of display shape
on 360 ° video communication. Specifically, we plan to
answer the following questions:

1. How do users perceive the video images differently
between the 2D flat display and the spherical dis-
play?
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図 3: Upper: The physical layout of both two rooms. Bottom:
The real environment of the room when using the spherical dis-
play or the 2D flat display.

2. How does the display type affect participants ’ac-
tions during remote collaboration in a real physical
environment?

4.1 Method
We based our research on four people remote collabo-

ration because the panoramic video communication can
support group-to-group remote communication. To study
the features of a 360 ° field-of-view, we designed a pat-
tern matching game which asked the participants to walk
around the video communication system.

4.2 Conditions
We compared the 360 ° video communication between

360 ° camera + hemispherical display (spherical display
condition) vs. 360 ° camera + horizontally placed 2D
flat display (2D flat display condition), as shown in Fig-
ure 1. We chose the horizontally placed 2D display to be
another display shape as the comparison of the spherical
display because it can keep the advantages of panoramic
video communication using the spherical display which
is that the sense of space and directional relation from
the remote side can be shown in the local display. Di-
rectly showing the equirectangular panoramic images on
the standing 2D display is also a possible approach for
panoramic video communication. However, such config-
uration disabled the participants who happened to be be-
hind the display to see the image. Therefore, for equiva-
lent visibility from all the participants standing anywhere
in the room, we placed the display horizontally.

4.3 Apparatus
Two identical rooms were mutually isolated with the

same arrangement, as shown in Figure 3. There were four
panels (representing four walls) and one table arranged in
each room. The table was set in the middle, and the dis-
tances between the table and four panels were same. The
two rooms were connected by panoramic video commu-
nication using a gigabit network. The displays were lo-
cated at the same height in both conditions.

4.4 Participants
Ten groups of participants (40 people in total) were

recruited for this experiment. The average age is 23.5
years old. 21 of them are students in the department of
computer science. 29 people use video communication
in their daily life, 13 of them often do video communi-
cation with their friends or family. The participants in
the same group can use the same language fluently. No
participants had prior experience with panoramic video
communication systems.

4.5 Task
Each task consists of four participants, with two par-

ticipants located in one room. One room was provided
with a set of 28 geometric pattern figures; each figure was
printed on a sheet of paper. These figures were put up on
four panels (seven figures on each panel) in the room. In
the other room, an identical set of figures were put up at
different positions on the four panels. We asked the par-
ticipants to match all the figures collaboratively across
the rooms. Time was measured during the task, and all
participants were asked to finish the task as quickly and
correctly as possible. If needed, they could take off the
figures from the panels freely to show them to the remote
partners or to just rearrange the figures. Scotch tapes
were used on the back of the figures whereby the figures
could easily be placed back on the panels.

The design of our collaborative task is affected by [8]
[4] and [10], in that it requires participants to move around
in a shared space and show objects to remote participants,
identify remote objects, refer to remote objects, and ask
the remote participants to manipulate remote objects. Al-
though it may not be naturalistic, we designed our task to
incorporate as many of these actions as possible.

The experiment was based on a within-participants de-
sign, that is, participants conducted the task in two rounds,
once in the spherical display condition and once in the
2D flat display condition. Therefore, two different sets
of figures (round set and rectangular set) were prepared
whereby the same figures would not be used for two rounds
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of tasks. In addition, the two different sets of figures were
used for the two conditions in alternation; thus the differ-
ence of difficulty between the two sets did not affect the
results of the experiment.

Each group had to complete two rounds of tasks. To
minimize the learning effect, half of the groups used the
spherical display in the first round and used the 2D flat
display in the second round, whereas the other half did it
in the opposite order.

4.6 Procedure
1. Preparation: Participants were given a brief intro-

duction to the experiment and panoramic video com-
munication system, introduced to each other, split
into two groups and did a practice round with six
patterns. After the practice, the correctness of their
answers was checked, and they were given two min-
utes to discuss how to complete the task more effi-
ciently in the main experiment.

2. Main experiment: Five of the ten groups started
the round with the panoramic video communica-
tion using the spherical display and the other five
groups started using the 2D flat display. They were
asked to pair all the 28 different patterns with the
corresponding patterns in the other room. Stickers
and pens were prepared on the table so they could
number the patterns by writing the number on the
sticker and stick it on the pattern. When they fin-
ished all patterns for the first round, participants
were asked to complete a short questionnaire con-
cerning their thought about the condition in the first
round. Then the display was replaced by the other
one and the patterns were also changed to the other
set. Next, participants were asked to do the second
round of task with the same rules. When they fin-
ished the task, participants completed another short
questionnaire about the current condition.

3. Debriefing: After finishing the two rounds of the
task, participants filled in a final questionnaire about
their opinions and comments on the two conditions
and the panoramic video communication.

4.7 Measures
We employed objective and subjective measures to ex-

amine task efficiency and users’ perception of video im-
ages during the remote task. Each session was video-
taped for post-analysis. We evaluated the collaborative
efficiency based on completion time (the time it took the

図 4: Seven questions in the questionnaire.

participants to complete the task) and completion accu-
racy (the number of correct pairs/total pairs).

For the subjective measures, we conducted a post-task
questionnaire consisting of five questions (Q1-Q5) per
condition (10 in total), designed on a 5-point scale (1 =
Strongly Disagree to 5 = Strongly Agree) to measure the
feelings of participants after using the panoramic video
communication systems with two different displays. A
measure of the participants’ feeling concerning which dis-
play is more suitable for the 360 ° video communication
system, was evaluated by Q6 and Q7. The detailed ques-
tions are listed in Figure 4.

The features including the pros and cons of both dis-
plays were investigated by an additional free-response
question. Question contributing to this measure was: Please

write down the advantages and disadvantages of each

display which are found in this experiment.

5 RESULTS

The results of the experiment will be presented from
two different perspectives: Firstly, we analyzed the data
based on objective measures. Next, we evaluated the
questionnaire results to see how the shape of the display
affects the video communication in the remote collabora-
tion.

The average task completion time was 485.6s (SD =

71.65) with the spherical display and 513.6s (SD= 124.29)
with the 2D flat display. The Wilcoxon signed-rank test
showed no significant difference between the two condi-
tions (Z = −.7139, p = .4752). As for the completion
accuracy, the average task completion accuracies were
.9892 (SD= .0339) and .9928 (SD= .0226), respectively.
The Wilcoxon signed-rank test showed no significant dif-
ference between the two conditions (Z = −.0743, p =

.9407).
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図 5: Mean scores of questions from Q1 to Q5. ”*” and ”**”
denote significant difference at p < 0.05 level and < 0.01 level.
The error bars depict the standard deviation.

図 6: The statistical results of Q6 and Q7.

5.1 Questionnaire Results
As for the results of the questionnaires, because the

Kolmogorov-Smirnov test showed the significant differ-
ence between the distributions of the two sample sets, we
ran a Wilcoxon matched pairs test. As shown in Figure 5,
the results of the questionnaires were analyzed using the
Wilcoxon signed-rank test with the display condition as
the factor.

1. Visual Cognition – The average scores of Q1 were
3.73 for the spherical display and 3.33 for the 2D
flat display; also, we found a significant difference
(Z = 2.0296, p = .0424) between the two condi-
tions. According to the results, the participants
seemed to feel that images in the spherical display
were easier to recognize than the images shown in
the 2D flat display.

2. Presence – The average scores of Q2 were 2.78 for
the spherical display and 2.13 for the 2D flat dis-
play and there was a significant difference (Z =

2.5098, p= .0121). The average scores of Q3 were
3.23 for the spherical display, 2.75 for the 2D flat
display and there was a significant difference (Z =

2.1059, p= .0352). Overall, it seems that the spher-
ical display provided a stronger feeling of telepres-
ence than the 2D flat display.

3. Perceived Workload – The average scores of Q4
were 2.45 for the spherical display and 2.88 for the
2D flat display, and we found a significant differ-

図 7: The pros and cons of using the spherical display in the
panoramic video communication.

図 8: The pros and cons of using the 2D flat display in the
panoramic video communication.

ence (Z = −2.2141, p = .0268) between the two
conditions. The results indicate that the partici-
pants felt more fatigued when using the 2D flat dis-
play.

4. Communication Difficulty – The average scores of
Q5 were 1.95 for the spherical display and 2.50 for
the 2D flat display. We found a significant differ-
ence between the two conditions (Z = −3.0918,
p = .0019). The results indicate that the partic-
ipants found it more difficult to have one-to-one
conversations when using the 2D flat display com-
pared with when the spherical display was used.

5. Compatibility – According to the results of Q6,
60% of the participants thought that the spherical
display is better for displaying the 360 ° image.
The results of Q7 indicate that the 2D flat display
is equally fast and easy to use as the spherical dis-
play is to search within the display, as shown in
Figure 6.
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図 9: The camera occlusion issue was observed in the 2D flat
display condition(a)(b)(c). While in the spherical display con-
dition, we did not find this situation and participants could nat-
urally show patterns(d).

5.2 Participants’ Comments
Comments were obtained from the free-response ques-

tion in the questionnaire. After summing up these results,
the high ranking answers of the advantages and disadvan-
tages of the spherical display as well as the 2D flat dis-
play are shown in Figure 7 and 8 with the corresponding
number of people.

5.3 Findings from Observational Analysis
We found distinctive scenes in the video recordings

of the experiment. For example, distinctive behaviors
were observed in the 2D flat display condition. The par-
ticipants encountered the camera occlusion issue when
showing the figures to their remote partners. As shown in
Figure 9 (a)(b)(c), participants tried to place the figures
exactly on top of the 2D flat display to show it. How-
ever, the image was blocked by the camera on the remote
side because the object located on the top of the Kodak
camera will be captured and shown at the center of the
image. Four out of 10 groups were observed to suffer
from this issue when only using the 2D flat display. Nor-
mally showing the image at the side of the 2D flat display
could solve the occlusion issue. However, in the free-
response question, two participants indicated that ”They

had to look down to the 2D flat display, while showing

the objects at the side of the display instead of above the

display made them feel inconsistent.” In the spherical dis-
play condition, we did not find this issue and participants
could naturally show figures, as shown in Figure 9(d).
The occlusion issue of the 2D flat display was caused by
the unusual configuration of the 2D flat display’s video
system. If the omnidirectional camera becomes much
smaller or users get more used to this system, it might not
be a serious issue. However, as mentioned by a partici-

図 10: The exchanged directions. Two rooms with the same
arrangements are connected by the 360 ° video communication
system. However, the east wall in room2 does not face toward
the image of east wall from room1. Instead, it faces the image
of west wall from room1.

pant,”it is not intuitive to look down on the 2D flat display

while showing the objects at the side of the display.”
5.4 The Exchanged Directions
Also, we found an interesting phenomenon in the 360 °

video communication system, which was named the ex-
changed directions. As shown in Figure 10, assume that
there were two rooms with the same arrangement, and
the four walls were marked as wall north, east, south, and
west, which correspond to the actual directions. These
two rooms were connected by panoramic video commu-
nication systems located in the center of the rooms. There-
fore, the 360 ° image of room 1 was shown in the display
in room 2 (which is the circular image in the center of
room 2). We found out that when the wall north and wall
south of room 2 face toward the images of walls north
and south of room 1 in the display, the image position of
walls east and west are exchanged. Therefore, the east
wall in room 2 faces toward the image of the west wall in
room 1, shown by the red rectangles in Figure 10. This
means that if there were two people standing face-to-face
in the current situation, and the person in room 2 stood on
the east side, his remote interlocutor in room 1 would be
standing on the west side instead of the east side. The ex-
changed directions seems to be a common phenomenon
in the panoramic video communication. We tried to solve
it by horizontally flipping the panoramic images of room
1. In that case, the four walls in the image of room 1
can respectively and correctly match to the four walls in
room 2. However, all the objects including texts and pic-
tures are also horizontally flipped in the panoramic im-
ages, which is unacceptable in the panoramic video com-
munication. In addition, the expressions related to left
and right in the remote communication would be more
complicated to understand after flipping.
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6 DISCUSSION

The results of the objective measures, including com-
pletion time and accuracy, showed there was no signif-
icant difference in collaboration efficiency between the
two conditions. Meanwhile, on the basis of the ques-
tionnaire results, the results of six out of seven questions
showed that the spherical display was significantly bet-
ter than the 2D flat display, indicating that the spheri-
cal display was slightly preferred over the 2D flat display
as a whole. Below, we discuss the potential reasons for
this result by focusing on other factors, for example, vi-
sual perception, awareness, perceived workload, and af-
fordance.

6.1 Visual Perception, Awareness, and Perceived
Workload

We found that the 2D flat display enabled the partic-
ipants to see everything in one view but increased their
cognitive load because of image distortion and the neces-
sity for mental rotation. The spherical display could only
show half of the environment at once but provided a bet-
ter visual cognition, sense of space, and consistency and
coherency of the two distant spaces.

Such findings are supported by the questionnaire re-
sults and comments from the participants. The results
of Q1 showed that the spherical display provided users
a better visual cognition, which is supported by the par-
ticipants’ comments such as ”The spherical display has

less distortion and stronger three-dimensional sense” or
”The 2D flat display has severe distortion”. Besides the
easiness to recognize the images displayed on the screen,
participants also mentioned that ”The spherical display

provides a better sense of space, distance, and directional

relation” and ”The sense of distance and space is bad in

2D flat display condition”, which might explain the re-
sults of the questions related to presence (Q2 and Q3).
Overall, these results indicate that the images displayed
on the spherical display enabled the recognition of spa-
tial relationships more intuitively and brought a better
feeling of telepresence. We suspect that such good sense
of space, direction, and telepresence helped generate the
consistency and coherency of the two distant spaces.

On the other hand, the advantage of the 2D flat display
was mainly reflected by the fact that users could see the
whole 360 ° images at a glance, which presents several
merits. For instance, some participants mentioned that
”They could quickly locate remote partners or obvious

objects by seeing the whole 360 ° image.”
However, seeing 360 ° images in one view might also

give rise to discomfort when using the 2D flat display.
The results of Q4 indicated that the use of the 2D flat
display resulted in the users feeling more fatigued. One
explanation might lie in what nine participants indicated
that ”They always have to lower head which is tiring when

using the 2D flat display”. Another reason might be due
to the overloaded visual information. Johnson et al. [4]
indicated that 360 ° images were found to be more dif-
ficult to use than a 180 ° interface, which they believed
supported the theory that a wider field-of-view requires
greater amounts of cognitive processing to synthesize the
larger quantity of visual information provided. In our
case, the reason why the participants thought that using
the 2D flat display made them feel more fatigued may be
because the 360° images include more visual information
that adds to the cognitive processing burden. On the other
hand, in the spherical display condition, participants did
think likewise because the opposite side of the spherical
display was invisible and they could only see half of the
360 ° image. But some participants expressed that ”it

provided them a more private conversation environment

because they would not be distracted by the opposite half

of the 360 ° image”. Thus, they could concentrate on
communication without distraction. In addition, 10 par-
ticipants commented that ”The spherical display is natu-

ral to be seen, they just have to lower head a little bit to

see the screen.” These factors might help the participants
to lower the perceived workload when using the spherical
display.

Moreover, we think that restricting the visual space
(i.e., showing only half of the space) gives the spheri-
cal display more advantages concerning awareness of re-
mote communication. Luff et al. [14] proposed an is-
sue about the ecology of video communication, and they
noted that the local person might not be able to make out
where the remote person is looking during the video com-
munication, particularly when the field-of-view is wide.
We found that the same issue occurred in the symmetri-
cal 360 ° video communication as the participants could
see the whole remote space in the 2D flat display condi-
tion. However, we infer that the issue may be resolved
by using the spherical display. Indeed, three participants
commented that ”When using the spherical display, they

can better be aware of the space range where the remote

partner can see, which helps to understand what they are

saying.”
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6.2 Affordances of Displays
The scenes arising from the camera occlusion might

indicate that the upward orientation of the 2D flat dis-
play affords participants to hold objects right above the
display. The spherical display affords participants to nat-
urally hold objects in front of their chest. The 2D flat
display requires participants to look down to see the dis-
play which is quite unnatural for the participants when
they are showing objects. A similar issue was also re-
ported by Licoppe et al. [10]. The spherical display does
not have such issues.

In addition, we observed that participants in the 2D
condition communicated a little more as a group (with
four people) than parallel one-to-one communication, com-
pared with the communication pattern in the spherical
display condition. We suspect that such findings might
indicate that the spherical display better affords one-to-
one conversation, whereas the 2D flat display better af-
fords many-to-many conversation. This point is also sup-
ported by eight participants’ comments, ”The spherical

display brings a better feeling of private one-to-one con-

versation”. Moreover, the results of Q5 showed that it
was easier to talk to a specific remote partner when using
the spherical display.

6.3 Proper Application Scenarios
Comments about the 360 ° video communication were

obtained from participants and they thought that ”The 360

° video communication is not able to protect their privacy

during video communication with families or friends in

daily life since the whole room is shown to the remote

side”. But they did agree that ”The 360 ° field-of-view

shows much more information than regular video com-

munication and they felt a better sense of the space, di-

rectional relation and telepresence of the remote side.”
As realistic scenarios, previous studies [8] [18] demon-

strated a new remote meeting environment that merges
distributed rooms and allows participants to move around.
Also, recent discussion rooms tend to use a whole wall
or multiple walls in a room as whiteboards, and a com-
pany like Smart Wall Paint is proposing to transform any
smooth surface in a room into a write-on wipe-off sur-
face. With the advancement of video technologies, re-
searchers have been envisioning the use of most of the
surfaces in a room as video displays. In such a room,
participants inevitably walk around in the room to use all
the available surfaces, and refer to, manipulate, and dis-
cuss the objects and drawings in the room. These trends
strengthen the necessity for video communication sys-

tems to support collaboration between such rooms by solv-
ing the narrow field-of-view problem. Therefore, we are
expecting our proposed system would contribute to a new
style remote meeting.

7 LIMITATIONS AND FUTURE WORK

One of the limitations of our system was that we only
supported hemispherical live video streams. We occa-
sionally observed instances where a local participant ex-
ited the field-of-view of the camera when he/she bent
down to put the image on the lower part of the wall.
In such cases, a remote partner had to hold his/her talk
and wait for the local participant to come back into the
field-of-view. It is interesting to see that even hemispher-
ical field-of-view was not wide enough to cover all the
possibilities of the participants’ bodies’ spatial positions
during the interaction. To solve this problem, we are cur-
rently developing a full-spherical version of the panoramic
video communication system.

Finally, as we already mentioned, our task is rather arti-
ficial. Therefore, we are planning to conduct a qualitative
study with a quasi-naturalistic task. We are expecting that
such studies will give us a deeper understanding of how
the 360° panoramic video communication system affects
remote multi-party collaboration.

8 CONCLUSION

This paper challenged one of the long-standing issues
of video communication systems, narrow camera field-
of-view. We proposed two symmetric 360 ° hemispheri-
cal video communication systems and explored their pos-
sibilities in assisting remote collaboration. One of our in-
terests was the impact of the display shape, the 2D flat
display or the spherical display, on the remote collabo-
ration. Our experimental results showed that both sys-
tems enabled two pairs of people to communicate over
the distance simultaneously from anywhere around the
devices. However, subjective results indicated that partic-
ipants preferred the spherical display over the 2D flat dis-
play possibly due to better image quality (less distortion)
and a better sense of three-dimensional space, directional
relation and telepresence. Our future work includes ex-
tending our hemispherical system to full spherical system
and better user interface for 360 ° video communication
systems.



日本バーチャルリアリティ学会論文誌 Vol.24, No.2, 2019

参考文献
[1] William W. Gaver. 1992. The Affordances of Media

Spaces for Collaboration. In Proceedings of the 1992
ACM Conference on Computer-supported Cooperative
Work (CSCW ’92). ACM, New York, NY, USA, 17–24.

[2] William W. Gaver, Abigail Sellen, Christian Heath, and
Paul Luff. 1993. One is Not Enough: Multiple Views in
a Media Space. In Proceedings of the INTERACT ’93
and CHI ’93 Conference on Human Factors in Com-
puting Systems (CHI ’93). ACM, New York, NY, USA,
335–341.

[3] Robert S. Fish, Robert E. Kraut, and Barbara
L.Chalfonte. 1990. The VideoWindow System in Infor-
mal Communication. In Proceedings of the 1990 ACM
Conference on Computer-supported Cooperative Work
(CSCW ’90). ACM, New York, NY, USA, 1–11.

[4] Steven Johnson, Irene Rae, Bilge Mutlu, and Leila
Takayama. 2015. Can You See Me Now?: How Field
of View Affects Collaboration in Robotic Telepresence.
In Proceedings of the 33rd Annual ACM Conference on
Human Factors in Computing Systems (CHI’15). ACM,
New York, NY, USA, 2397–2406.

[5] Hrvoje Benko, Andrew D. Wilson, and Ravin Balakrish-
nan. 2008. Sphere: Multi-touch Interactions on a Spher-
ical Display. In Proceedings of the 21st Annual ACM
Symposium on User Interface Software and Technology
(UIST ’08). ACM, New York, NY, USA, 77–86.

[6] Zhengqing Li, Shio Miyafuji, Toshiki Sato, and Hideki
Koike. 2016. OmniEyeball: Spherical Display Em-
bedded With Omnidirectional Camera Using Dynamic
Spherical Mapping. In Proceedings of the 29th Annual
Symposium on User Interface Software and Technol-
ogy (UIST ’16 Adjunct). ACM, New York, NY, USA,
193–194.

[7] William W. Gaver, Gerda Smets, and Kees Overbeeke.
1995. A Virtual Window on Media Space. In Proceed-
ings of the SIGCHI Conference on Human Factors in
Computing Systems (CHI ’95). ACM Press/Addison-
Wesley Publishing Co., New York, NY, USA, 257–264.

[8] James Norris, Holger M. Schnädelbach, and Paul K.
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