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Fig. 1: HybridSphere is a hybrid meeting system that allows remote participants to wear head-mounted displays and experience
the meeting environment immersively through avatars representing local participants in a virtual space. Thus, the proposed
method addresses the issue that hybrid meetings often result in unequal spatial and nonverbal information distribution.

Abstract—With recent advances in information and commu-
nication technologies, Hybrid meetings, where local attendees
are physically present and remote participants join virtually,
have become increasingly common. However, remote participants
often experience reduced contextual awareness and a sense of
isolation. To address these issues, we propose HybridSphere, a
hybrid meeting system that reconstructs a shared virtual reality
environment for remote participants. The system employs a 360-
degree camera and pose estimation to generate real-time avatar
representations of local attendees to allow remote users with
head-mounted displays to experience the meeting as if all partic-
ipants are in the same virtual space. We conducted a user study
comparing HybridSphere to a baseline condition in which remote
participants viewed an unmodified 360-degree video. Although
the avatars were rated lower in perceived trustworthiness and
likability due to limited visual fidelity, participants appreciated
the seated-6DoF function. These results suggest that immersive
and spatially flexible VR representations can enhance remote
engagement in hybrid meetings.

Index Terms—Hybrid Meeting, Virtual Reality, Avatar, 6-DoF
viewpoint, 360-degree camera

1. INTRODUCTION

Owing to advancements in digital technologies, remote
work and online meetings have become increasingly prevalent.
In particular, hybrid meetings, in which local participants
convene in person while remote participants join from different
locations, have become increasingly common. While such
meetings enable flexible participation, they also tend to foster
more natural and intimate communication among co-located
participants, often leaving remote participants feeling isolated
and disengaged [15].

One promising approach to mitigating this disparity is
the use of avatars within virtual spaces. With the growing
popularity of the metaverse, various efforts have emerged
to connect real and virtual environments through avatar-
mediated interactions [6], [44]. For instance, Meta’s Horizon
Workrooms [2] enables all participants to wear head-mounted
displays (HMDs) and convene in fully virtual meeting spaces.
However, in hybrid meetings where local participants are
already co-located, requiring them to wear HMDs may not be
practical and could diminish the convenience of face-to-face
interaction. Therefore, there is a growing need for solutions



that allow only remote participants to immerse themselves in
a virtual environment without compromising the experience
of those attending in person. Among existing approaches for
supporting hybrid meetings, Tang et al. [52] proposed a spatial
layout that aligns local and remote participants side by side to
promote visual equity. However, this method has limitations
in conveying body language and spatial information. Also,
Kachach et al. [34] proposed The Owl, which presents 360-
degree video to remote participants via HMDs, providing a
sense of immersion through real-world visuals. Yet, since this
method only allows three degrees of freedom (3DoF), users
can rotate their view but cannot move forward, backward, or
sideways, thus limiting their ability to explore the surrounding
space.

To address these challenges of compromising the experi-
ence of online participants of hybrid meetings, we proposed
“HybridSphere”, a hybrid meeting system that combines both
in-person participation physically and remote participation
remotely via a VR platform. The proposed system enhances
remote participants’ experience by transforming local partici-
pants into avatars in a shared virtual space, allowing remote
participants wearing HMDs to experience the meeting as if
all participants were co-located. Specifically, we capture real-
time movements of local participants using 360-degree video
combined with pose estimation techniques and reflect these
movements onto avatars in a virtual environment. Further-
more, the proposed system provides a seat position changing
function that supports limited six-degrees-of-freedom (6DoF)
movement, in which users can move their viewpoint among six
predefined positions. By doing so, this function allows users
to change their viewpoint in a controlled manner and better
understand the spatial layout of the meeting environment.

We examine the following three hypotheses regarding the
effects of two key factors, the advantages unique to virtual
spaces and the fidelity of information reproduction through
avatarization, on participants’ experience through the experi-
ment:

H1: Real-time avatarization enables remote participants
to perceive the social presence and characteristics of
local participants at a quality level comparable to that
achieved using live-action video, thereby facilitating
interaction.
The addition of greater freedom in remote partic-
ipants’ viewpoints improves their understanding of
the spatial relationships within the meeting envi-
ronment and increases their perceived satisfaction
when participating in collaborative group activities,
compared to meetings conducted using live-action
video.

H3: The proposed method increases remote participants’
engagement in meetings and leads to a more positive
overall meeting experience compared to traditional
live-action video—based systems.

H2:

In summary, the contributions of this study are as follows:

« Avatar representation was found to be less effective than
live-action video in conveying subtle facial expressions
and gestures, which may negatively impact remote par-

ticipants’ perceptions of likability and trustworthiness
toward local participants. Factors such as the uncanny
valley effect and the lack of gaze cues were identified
as potential barriers to shared presence and impression
formation.

o While changing seat position function with a limited
6DoF feature was positively received in the tasks with
activity, a sense of novelty and enjoyment for some users.
However, it did not consistently enhance participation or
task outcomes. No significant differences were observed
in speech time or task accuracy between the two methods,
suggesting that the benefits of spatial navigation depend
heavily on the nature of the meeting and the user’s
familiarity with VR controls.

2. RELATED WORK

In hybrid meetings, spatial context and nonverbal cues tend
to be concentrated on the local side because local participants
share the same physical space, making it difficult for remote
participants to follow the meeting flow and interpersonal
interactions. This section summarizes why such asymmetry
arises, how prior work has attempted to mitigate it, and how
our study is positioned.

2.1. Hybrid meetings and Situational Awareness

Fully remote online meetings can place all participants
in similar conditions, but they inherently lack the physical
co-presence and informal interactions found in face-to-face
settings. Against this backdrop, hybrid meetings, in which
co-located local participants and remotely connected partic-
ipants coexist, have attracted growing research interest [50],
[49]. However, hybrid meetings also introduce unique issues.
Bos et al. [15] highlight “ingroup cohesion,” where bonding
among local participants can inadvertently marginalize remote
participants. These issues relate to long-standing theories
of awareness and shared spaces in the fields of Computer-
Supported Cooperative Work (CSCW) and telepresence.

Remote collaboration depends not only on spoken content
but also on situational understanding, such as who is doing
what, where, and when. Dourish et al. [22] discuss how
actions and their outcomes that naturally appear in a shared
workspace can support awareness and reduce the need for
explicit reporting. Gutwin et al. [27] systematize workspace
awareness and organize the elements required for distributed
groupware. Greenberg et al. [26] show that fisheye-view-
based presentation can support awareness by providing access
to both local detail and global context. Endsley et al. [24]
define situational awareness as perception, comprehension, and
projection, emphasizing its role in decision-making in dynamic
situations. Buxton et al. [18], [17] conceptualize telepresence
as the integration of person space and task space, and argue
that spatial design can affect the feeling of being together.

In addition, gestures can contribute to establishing reference
(e.g., pointing) and coordination, and they can serve as im-
portant cues supporting shared situational understanding [25],
[36]. Fussell et al. [25] further argue that gestures are not nec-
essarily supported by simply transmitting hand video; instead,



systems should provide visual representations that preserve
the functional meaning of gestures. In 3D environments, how
much of the body to present is itself a design variable. Benda
et al. [12] suggest that full-body representation is not always
required and that auxiliary representations (e.g., pointers) can
help maintain pointing interpretation when needed. Accord-
ingly, hybrid-meeting support must address not only spatial
presentation but also the design of nonverbal cues that enable
referencing and joint attention.

These perspectives suggest that asymmetries in access to
spatial context and nonverbal cues between local and remote
participants are a fundamental challenge in hybrid meetings,
particularly for remote participants.

2.2. Recovering Spatial and Non-verbal Cues

Building on these theoretical foundations, numerous studies
have explored technical approaches to recovering spatial and
nonverbal cues in mediated communication.

For example, Morikawa et al. [42] propose HyperMirror to
emphasize sharing a communication space; Nguyen et al. [43]
propose MultiView to recover spatial cues such as gaze and
gestures in group video conferencing; Pejsa et al. [45] present
Room2Room, bringing a remote collaborator into the local
physical space; and Tanner et al. [53] explore side-by-side
telepresence to support reference and mutual understanding.
More recently, Tang et al. [52] propose aligning local and
remote video feeds side by side to promote visual parity, but
this arrangement does not effectively convey body language
or spatial relationships.

With a fixed-view webcam, the overall spatial context is
easily cropped out, making remote participants’ exploration
and confirmation dependent on camera placement. To address
this limitation, research on increasing viewpoint freedom has
advanced. For example, Tang et al. [51] show that 360°
video chat can provide remote participants with view inde-
pendence, enabling collaborative actions such as exploration,
confirmation, and guidance. Young et al. [56] also report that
increased viewpoint freedom contributes to spatial presence.
Kachach et al. [34] develop The Owl, which delivers 360-
degree video to remote participants via an HMD; however,
viewpoint control is limited to 3DoF. By contrast, Uson et
al. [54] propose Free Viewpoint Video (FVV), reconstructing
volumetric representations from multiple depth cameras to
enable arbitrary viewpoints, but the required camera count and
precise calibration impose substantial deployment burdens.

However, even with free viewing, weak referential cues and
joint attention can force orientation alignment and referencing
to rely heavily on verbal negotiation [51]. To compensate
for this, Jo et al. [33] propose Chili, integrating viewpoint
control with stable on-video drawing. Lee et al. [38] propose
SharedSphere, overlaying MR-based nonverbal cues onto live
360° video to support remote collaboration. Thus, while a
360° presentation offers the advantage of view independence,
additional design is often required to support referencing and
joint attention.

Overall, while many hybrid-meeting support methods have
been proposed, a persistent trade-off remains between deploy-
ment burden and the degree to which spatial and nonverbal

cues can be recovered, particularly in real-world hybrid set-
tings.

2.3. Challenges of VR Meetings

Triggered by the global outbreak of COVID-19, the use
of video conferencing has rapidly expanded [16], offering
benefits such as reduced travel cost and time [19], [20]
and lower environmental impact [5]. However, prior research
suggests that face-to-face communication remains the primary
mode of human interaction [14], and that the human brain is
fundamentally optimized for synchronous interaction in shared
physical spaces [37].

As aresult, prolonged or intensive use of video conferencing
can impose cognitive and psychological burdens, often referred
to as “Zoom fatigue,” including stress, anxiety, and physical
discomfort [7], [48]. Bailenson et al. [11] attribute these effects
to characteristics such as sustained close-up gaze, enlarged
on-screen faces, and persistent self-view, while limitations in
perceiving full-body movements and gestures further hinder
emotional understanding [40].

One promising approach to addressing these limitations is
the use of VR-based meetings. Communication within virtual
environments, often described as the “metaverse,” has gained
increasing attention, enabling interaction through avatars in
shared virtual spaces [6], [44]. Commercial platforms such
as VRChat [4], Rec Room [3], and Anyland [1] demonstrate
the potential of immersive environments for social interac-
tion. Empirical studies report that VR-based collaboration can
improve productivity and creative performance compared to
conventional video conferencing [10], [39].

However, fully virtual meeting systems that require all
participants to wear HMDs, such as Meta Horizon Workrooms
[2], introduce substantial physical and cognitive load, high
implementation costs, and the need for user acclimatization
[47], [32], [28]. In hybrid meetings in particular, requiring
local participants to wear HMDs is often impractical, high-
lighting the need for hybrid meeting systems that can leverage
the strengths of VR for remote participants while minimizing
deployment burden and disruption for local participants.

3. HYBRIDSPHERE

As described in the section on related work, Hybrid meet-
ings, in which local participants gather in person while remote
participants join via online platforms, often result in an un-
equal distribution of spatial and nonverbal information. This
unequal distribution can make remote participants feel discon-
nected or excluded from the meeting experience. To address
this gap, we propose a new meeting method “HybridSphere.”

3.1. Design Principles

The system was designed with the following three design
principles to enable high immersion exclusively for remote
participants without imposing significant burdens on local
participants.

DP1: Local participants should not be required to wear any

special equipment.



DP2: A photorealistic avatar design approach is used to

represent in-person participants.

DP3: Remote participants are allowed to freely navigate

the meeting space with 6DoF.

Regarding the DP1, the proposed system utilizes a relatively
lightweight setup, a single 360-degree camera combined with
pose estimation, to generate avatars of local participants. In
previous research, few studies have focused specifically on
enabling high immersion exclusively for remote participants
without imposing significant burdens on local participants.
Approaches using live-action video are typically limited to
3DoF, while advanced methods such as FVV require extensive
camera setups. Moreover, metaverse-based tools often assume
that all participants wear HMDs, making them less feasible
for hybrid settings. Thus, the proposed system was designed
with the principle that local participants should not be required
to wear any special equipment, thereby preserving the natural
flow of face-to-face interaction.

As for the DP2, the proposed system allows remote par-
ticipants to feel as if they are joining VR meetings that all
participants joined as avatars through real-time avatarization.
Also, avatars’ visual design and realism play a crucial role in
the quality of remote communication. For instance, Han et al.
[29] conducted an eight-week study involving 81 participants
using a variety of avatars and found that avatars resembling the
users’ appearance were more effective in fostering synchrony
and self-presence compared to standardized avatars. In profes-
sional settings, avatars with a more photorealistic appearance
are often perceived as more “trustworthy” and “appropriate
for business” compared to cartoon-like representations [21],
[46]. Furthermore, Phadnis et al. [46] suggest that in contexts
where interpersonal relationships have already been estab-
lished, even non-photorealistic avatars may be more readily
accepted. Therefore, our study used an avatar based on facial
photographs or appearance data provided by each participant.

Concerning DP3, remote participants are allowed to freely
navigate the meeting space with 6DoF, enabling them to better
understand spatial relationships and participant behaviors from
multiple perspectives. However, if users are unfamiliar with the
6DoF function, there can be a negative effect [9]. Thus, we
implement limited 6DoF features, except for head movement.
This approach aims to provide a more immersive and shared
spatial experience than conventional video conferencing.

3.2. System Architecture

A key feature of the system is that local participants can
continue their face-to-face discussions without requiring addi-
tional devices, while only remote participants are immersed
in the avatar-based virtual space. HybridSphere consists of
two primary components: a local-side sensing and capture
module and a remote-side display and interaction module.
As illustrated in Fig. 3, remote participants enter a virtual
meeting space called HybridSphere, where they can engage
in discussions with avatarized representations of local par-
ticipants. A monocular 360-degree camera captures all local
participants simultaneously, enabling posture estimation and
lip-syncing to represent them as avatars. Regarding the local-
side sensing module, a 360-degree camera (RICOH THETA
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Fig. 2: In this virtual space named “HybridSphere”, remote
participants can engage in discussions with the avatarized local
participants. A monocular 360-degree camera captures all local
participants simultaneously, enabling posture estimation and
lip-syncing to accurately represent them as avatars.

V) is placed at the center of the meeting room to capture
all local participants simultaneously. The camera provides a
live video stream at a resolution of 1920960 and 29.97 fps.
This omnidirectional video feed is ingested into a PC running
a Unity-based application (Unity 2022.3.25f1) and processed
using a pose estimation library (MediaPipe) to extract joint
positions of each participant’s head and upper body. These
joint data are then used within Unity to update the avatars in
real time.

With regard to the remote-side display and interaction
module, remote participants wear an HMD (Meta Quest 3)
and enter the Unity-based virtual meeting space. The system
supports full 6DoF movement, allowing users to rotate their
heads and move freely within the virtual environment. This
enables them to virtually change seats or move around the
room to improve situational awareness. Voice communication
is conducted via a conventional online conferencing platform
(Zoom) and synchronized with the avatar system, with speech
visually represented through lip-syncing. To minimize the
impact of network latency on the visual processing pipeline
in our study, both the 360-degree camera and the HMD were
directly connected to the same PC used for processing and
rendering, while the audio channel was handled separately
through Zoom.

3.3. Implementation

To achieve the DP1, a critical challenge in the system
implementation was achieving both accurate pose estimation
and real-time performance using a single 360-degree camera to
capture multiple individuals. Occlusions (e.g., the situation that
the lower body is hidden by tables or participants overlapping
in the camera view) can reduce estimation accuracy. To ad-
dress this, we applied coordinate filtering and error correction
techniques.

Regarding the DP2, the avatars are pre-generated using an
avatar creation tool (Avaturn'), based on facial photographs
or appearance data provided by each participant. Additionally,
lip-syncing is applied according to audio input to simulate
the local participants’ speech behavior, allowing for a partial
but realistic representation of verbal interaction. The choice
of avatar style was also carefully considered in light of the

Uhttps://avaturn.me



Fig. 3: The left image displays the original spherical image
captured by a 360-degree camera, which has been unfolded
onto a flat plane. Two-dimensional coordinates, obtained and
normalized using MediaPipe, are superimposed on this image.
The right image shows the avatar created using the proposed
method.

-
-

Fig. 4: The remote participant can change their viewpoint
using the seat teleportation function. They can move to the
desired seat with pointing and selecting the seat via the HMD
controller.

uncanny valley phenomenon [41]. While we generated high-
fidelity avatars based on participants’ facial photographs, we
simplified facial expressions and focused primarily on lip-
syncing for verbal cues.

Concerning the DP3, to improve usability for remote par-
ticipants, we implemented not only free viewpoint movement
but also a simplified “seat teleportation” function via HMD
controllers, allowing even users unfamiliar with VR to easily
navigate the space (Fig. 4). These design considerations aim
to minimize cognitive and physical burdens for both local and
remote participants while reducing information asymmetry.

4. METHODOLOGY

We conducted a user study to investigate how the presence
of remote participants in a virtual space where local partic-
ipants are represented as avatars affects the overall meeting
experience and task performance. This research received eth-
ical approval from the Institutional Review Board (IRB) of
the first author’s university (approval code: 2024-13). In this
section, we describe the methodology for the user experiment.

4.1. Hypothesis

The user study aims to examine the three main hypotheses
described in Section 1.

First, the impact of avatars (H1) focuses on the effects of
real-time avatarization using a 360-degree camera on mutual
understanding and impression formation between remote and
local participants. Specifically, we examine whether the avatars

can reproduce the sense of shared presence with local partic-
ipants at a level comparable to live-action video and whether
the impressions of local participants formed through avatars
are maintained to the same degree as those formed through
live video.

Second, the impact of 3D spatial navigation (H2) is evalu-
ated to determine whether the function of remote participants
to change the seat position with the limited 6DoF features
enhances their spatial awareness, their task performance, and
their satisfaction. This hypothesis aims to assess not only the
effect of avatars but also the extent to which 6DoF viewpoint
control contributes to understanding meeting content and fa-
cilitating collaboration.

Finally, overall engagement and preference (H3) consider
not only task-related outcomes but also broader aspects, such
as participants’ willingness to engage in the meeting and
the overall usability of the system. This hypothesis includes
an investigation of whether the proposed system increases
engagement among remote participants and is perceived as
a more favorable approach compared to live-action video.

4.2. Participants

To evaluate the remote participant experience in hybrid
meetings, we conducted a within-subjects designed experiment
involving mock meetings with three-person groups. In each
group, two participants attended locally, while one remote
participant experienced two meeting formats: the proposed
method and a baseline method described in the next subsec-
tion. A total of 51 participants were recruited. However, data
from one group (three participants) were excluded due to a
system error; therefore, data from 48 participants (16 groups
of three) were included in the analysis. The participants were
undergraduate and graduate students aged between 18 and 26
years (mean age = 21.6, SD = 2.1), with an equal gender
distribution (24 males and 24 females). All participants were
unfamiliar with each other prior to the experiment and were
randomly assigned to groups to eliminate the influence of pre-
existing relationships on the experimental outcomes.

In each group, one of the three members participated
remotely using a head-mounted display (HMD) and experi-
enced both the proposed and baseline methods. The remote
participant was randomly selected in front of the other group
members to avoid bias and ensure that local participants did
not form preconceived impressions about the remote member.
Before the experiment, participants were asked to complete a
questionnaire regarding their experience with virtual reality
(VR). The results showed that 81.3% of participants had
“never used VR before” or “a few times a year.” These results
indicate that most participants were relatively unfamiliar with
VR technologies, suggesting that their experience with the
proposed method was largely unconditioned by prior exposure.

4.3. Experimental Setup

This experiment was designed as a within-subjects study
in which each remote participant experienced both the pro-
posed method and the baseline method (live-action video with
3DoF). In the baseline method, the remote participant wore



TABLE I: Correspondence between hypotheses and evaluation indicators

Hypotheses Indicators Use
Task 1 Task 2
H1  Shared Perception via Avatars NMM-SPI*! [13] v v
Impression Formation via Avatars  Perceived partner characteristics*! [31] v v
Task Performance Speech ratio for Task 1 v v
Number of ideas for Task 1 v
H2  Spatial Awareness MEC-SPQ*2 [55] v
Task Performance Accuracy rate for Task 2 v
Self-evaluation for satisfaction with the outcome of Task 2 [8] v
H3  Meeting Engagement Remote participants’ speech ratio v v
Self-evaluation for satisfaction with group work v v
Method Preference Comparison between methods*3 v v

*IThe description “other members” in the original text was replaced with “local participants” for remote participants and “remote members” for

local participants in the responses.

*2Local participants were asked to answer how well they thought remote participants were able to understand the space.
*3Since local participants were not informed of the methods used by remote participants, they were asked to rank the two meetings held for each task.

an HMD and viewed the unprocessed 360-degree camera
footage as a spherical image. This setup allowed for head
rotation along 3DoF (pitch, yaw, and roll) but did not permit
translational movement such as moving forward, backward,
or laterally. Since the local participants were rendered in the
live-action video, their facial expressions and body gestures
could be faithfully perceived; however, the limited viewpoint
mobility made it difficult to explore the space dynamically.

In contrast, the proposed method rendered the local par-
ticipants as avatars within a virtual environment, enabling
the remote participant to navigate the scene with full 6DoF,
including both rotational and translational movement. This
allowed the user to freely shift viewpoints and observe the
meeting space from multiple perspectives. While this approach
provided greater flexibility in spatial observation, it also in-
troduced challenges, such as the limited fidelity of facial ex-
pression reproduction compared to live-action video. Note that
the baseline method resembles The Owl, a system developed
by Kachach et al. [34]. However, unlike The Owl, which
also includes functionality for visualizing remote participants
as avatars on the local side, this feature was intentionally
omitted in the present study’s baseline method to ensure a
clear comparison of the effects of the proposed system.

To reduce bias, local participants were not made aware
of which method was being used by the remote participant.
This design ensured that remote participants’ experiences
with navigation and visual representation could be assessed
independently while local participants engaged in natural,
unmodified face-to-face communication.

4.4. Task

Each group performed two types of tasks twice using
different methods. Task 1 was a brainstorming task. Task
2 was a collaborative spatial reasoning quiz, intended to
measure spatial understanding and task performance. Each
remote participant performed both tasks using both methods,
in a counterbalanced order. To prevent learning effects, we
prepared two sets of similar but distinct problems for each task.
To ensure experimental fairness, we employed a Latin square

design to counterbalance the presentation order of methods
and task variants across groups.

Task 1 was designed to examine the effects of avatarization
in relation to H1. Accordingly, Task 1 employed a discussion-
based activity in which nonverbal cues, such as facial expres-
sions and reactions, play a crucial role. To isolate and evaluate
the effects of avatarization, the limited 6DoF seat-changing
feature was not utilized in Task 1. In Task 1, participants
engaged in a brainstorming session and were asked to reach
a conclusion within a time limit. Drawing on the framework
proposed by Ide et al. [30], the task topics were designed
to be accessible to all participants without requiring prior
knowledge. Specifically, the following topics were used: (A)
If your toothbrush wears out quickly, how can you make
it last 50% longer?, (B) If your room feels cramped, how
can you make it feel 50% more spacious? Participants freely
proposed ideas and ultimately selected and consolidated a
group’s consensus.

Task 2 was a collaborative spatial reasoning quiz designed
primarily to assess H2. The task required participants to
identify a three-dimensional (3D) shape that could be con-
structed from a given net diagram (Fig. 5). It was presented
in a multiple-choice format, and participants worked collab-
oratively to select the correct answer within a time limit.
To evaluate whether providing greater freedom in remote
participants’ viewpoints improves their understanding of spa-
tial relationships within the meeting environment and their
perceived satisfaction, remote participants were allowed to
change their seat position within the VR space using the seat-
changing function to observe the 3D shape from multiple
angles. In contrast, to standardize experimental conditions,
local participants were instructed to remain seated. In addition,
all participants were instructed not to interact with the 3D
objects.

4.5. Measures

Table I shows the correspondence between the hypotheses
described in Section 1 and the evaluation metrics used in this
experiment. We combined subjective and objective evaluations
to verify the proposed method’s effects on remote participants’



Fig. 5: Task 2 is a quiz question to identify which of the
four three-dimensional shapes lined up in the center could be
constructed by assembling the net diagram. Participants had
to cooperate to share information and discuss the answer.

meeting experience and task performance from multiple per-
spectives.

Regarding the H1, we used the Networked Minds Social
Presence Inventory (NMM-SPI) [13] to measure the spatial
and social connections between avatarized local and remote
participants. Specifically, 28 items across four categories, Co-
presence, Perceived attentional engagement, Perceived emo-
tional contagion, and Perceived comprehension, are presented
to remote and local participants, with responses collected on a
7-point Likert scale. We divided the questions into odd num-
bers (self) and even numbers (others) for each subcategory,
calculated the average scores, and used them for analysis. In
addition, for questions containing negative expressions, we
reversed the values. In addition, we used the questionnaire
about perceived partner characteristics [31] to examine impres-
sion formation via avatars. This questionnaire consists of nine
items across three categories: Likeability, Trustworthiness, and
Intelligence. Note that in both questionnaires, for remote par-
ticipants, “other members” is answered as “local participants,”
and for two local participants, “other members” is replaced
with “remote members” in their answers. Additionally, to
assess task performance, we used the ratio of speech by remote
participants and the number of ideas generated by each group
in Task 1. For the number of ideas, we counted those expressed
during the divergence phase (the first 3 minutes) of Task 1.

Regarding H2, we evaluated spatial awareness and task per-
formance in Task 2. To examine spatial awareness, we used the
MEC-Spatial Presence Questionnaire (MEC-SPQ) [55], which
employs a 5-point Likert scale. Participants’ understanding of
spatial information was assessed using eight items from the
Spatial Situation Model category. For local participants, we
used the same questionnaire items, but modified the subject
from “T” to “the remote participant,” asking local participants
to evaluate whether they felt the remote participant was able
to perceive the task space.

Additionally, to assess task performance, we evaluated the
correctness of the answers that three participants ultimately
selected. The accuracy rate was calculated based on whether
the answers selected within the time limit of Task 2 were

consistent with the actual correct answers. In addition, Task
2 is a question-and-answer format, so the questionnaire asked
about satisfaction with outcomes [8] only when Task 2 was
performed. The questionnaire consists of five items about
participants’ satisfaction with the answers obtained by the
group, their commitment, and their confidence in the validity
of the answers, with responses collected on a 7-point scale.

Regarding the H3, to evaluate the engagement in the
meeting, we employed two measures: a subjective assessment
through a group satisfaction questionnaire and an objective
measure based on the speaking ratio of the remote partic-
ipant. The group satisfaction questionnaire was assessed in
terms of enjoyment and engagement in the context of group
tasks using a 7-point Likert scale. The questionnaire was
administered after the completion of both Task 1 and Task
2. The speaking ratio was calculated by dividing the amount
of speech produced by the remote participant by the total
amount of speech from all three participants, including the
local members. This metric served as an objective indicator of
the remote participant’s level of engagement in the meeting.

In addition, for the remote participants, to assess simulator
sickness associated with HMD usage, we measured the Simu-
lator Sickness Questionnaire (SSQ) [35], in which participants
rate symptoms such as headache, nausea, and visual fatigue
on a 4-point scale after each session of each task. Because
if avatar-based interaction and 6DoF navigation exacerbate
motion sickness, it could present a significant challenge for
real-world deployment.

4.6. Analysis

For subjective evaluations excluding method preference, the
Wilcoxon signed-rank test, a non-parametric test for paired
samples, was conducted. A binomial test was used to examine
method preference. For objective evaluations, including speech
ratio for Tasks 1 and 2 and the number of ideas for Task 1,
the Shapiro—Wilk test confirmed normality; therefore, paired
t-tests were conducted. For the accuracy rate in Task 2, a
McNemar test was conducted. IBM SPSS Statistics (Version
26) was used for all analyses. P-values less than 0.05 were
considered statistically significant for all tests.

4.7. Procedure

The experimental procedure followed a standardized se-
quence. Participants first signed consent forms and had pho-
tographs taken for avatar creation. They then engaged in face-
to-face icebreaker activities to facilitate smooth communica-
tion among participants who had not previously met. After
the icebreaker, all participants drew lots openly to randomly
select three remote participants. This selection procedure was
adopted to prevent local participants from forming biased
impressions of the remote participants prior to the experimen-
tal tasks. Subsequently, a preliminary questionnaire on VR
experience was administered only to the remote participants.
Task 1 was then explained to all participants. After the
explanation, remote participants moved to a separate room and
received an explanation of the proposed method or comparison
method. After a brief practice session, the remote participants



performed Task 1 according to the experimental conditions.
After completing the task, all participants filled out a ques-
tionnaire about their meeting experience and the task content.
Then, the method was switched, and Task 1 was performed
again. After the second Task 1, including a questionnaire, a
questionnaire was conducted to evaluate which method the
remote participants preferred.

After Task 1, all participants were given an explanation of
Task 2 in person, and remote participants again received an
explanation of the method and practiced in a separate room.
Subsequently, Task 2 was performed using both the proposed
method and the comparison method, and participants were
asked to fill out a questionnaire after each task. Finally, a
method comparison questionnaire was conducted for Task 2,
and remote participants were asked to evaluate which method
they preferred. The total duration of the experiment, including
preparation and completion, was approximately 90 minutes.
All sessions were recorded (audio and video) for objective
analysis.

5. RESULTS
5.1. Task 1

Table II presents the descriptive statistics for each subjective
evaluation in Task 1. Regarding the results of the Wilcoxon
signed-rank tests for remote participants, the baseline method
yielded significantly higher scores than the proposed method
for co-presence (self: Z = -3.01, p = 0.003, r -0.75),
perceived attentional engagement (self: Z = -2.84, p = 0.005,
r = -0.71), and perceived emotional contagion on the NMM-
SPI (self: Z = -2.13, p = 0.034, r = -0.53; other: Z=-2.13, p
=0.033, r = -0.53). Significant differences were also observed
in perceived partner characteristics, including likeability (Z =
2.96, p = 0.003, r = 0.74), trustworthiness (Z = 2.40, p =
0.016, r = 0.60), and intelligence (Z = 2.25, p = 0.024, r
= 0.56), as well as in satisfaction with group work in terms
of enjoyment (Z = 2.35, p = 0.019, r = 0.59). No significant
differences were found for engagement (Z = 0.80, p = 0.426, r
= 0.20). In contrast, responses from local participants showed

no significant differences between the two conditions except
for the intelligence in perceived partner characteristics (Z
= -2.39, p = 0.017, r = -0.60). Median total SSQ scores,
administered only to remote participants using HMDs, also
showed no significant differences between conditions (Z = -
0.58, p = 0.57, r = -0.14).

Regarding objective evaluations, the mean speech ratio for
remote participants was 0.43 (SD = 0.17) for the baseline
method and 0.39 (SD = 0.15) for the proposed method. Due to
a system failure, speech recordings from one group of remote
participants were not available in Task 1; therefore, the speech
ratio analysis was conducted using data from 15 groups only.
A paired t-test revealed no significant difference between the
two methods (r = 1.94, p = 0.07, r = 0.46). Similarly, the
mean number of ideas was 9.81 (SD = 2.96) for the baseline
method and 9.69 (SD = 3.01) for the proposed method, with
no significant difference observed (+ = 0.13, p = 0.896, r =
0.03).

5.2. Task 2

Table III presents the descriptive statistics for each sub-
jective evaluation in Task 2. Regarding the results of the
Wilcoxon signed-rank tests for remote participants, the base-
line method yielded significantly higher scores than the pro-
posed method for co-presence (self: Z = -2.35, p = 0.019, r
-0.59), perceived attentional engagement (self: Z = -2.49,
p = 0.013, r = -0.62), and perceived emotional contagion
on the NMM-SPI (self: Z = -2.20, p = 0.028, r = -0.55;
other: Z = -2.45, p = 0.014, r = -0.61). Significant differences
were also observed in perceived partner characteristics in terms
of trustworthiness (Z = -2.57, p = 0.010, r = -0.64). For
local participants, the baseline method resulted in significantly
higher scores for perceived comprehension (other) than the
proposed method (Z = -2.33, p = 0.020, r = -0.58). For
the Spatial Situation Model category of the MEC-SPQ, no
significant differences were found between the baseline and
proposed methods for either remote or local participants. To
examine the influence of VR experience, remote participants

TABLE II: Results of Subjective Evaluation of Task 1.

Remote participants (N=16)

Local participants (N=32)

Indicators Baseline Proposed 7 - Baseline Proposed 7 ,
Ql Q2 Q3 Ql Q2 Q3 QL Q2 Q3 Q Q2 Q3
NMM-SPI
Co-Presence self 5.06 5.38 5.94 3.31 4.50 594  -3.01** -075 381 413 500 400 450 519 -1.33 -0.33
other 3.13 4.13 4.75 2.56 3.75 444  -143 -036 350 400 4.69 350 4.00 475 -0.63 -0.16
Perceived Attentional  self 5.33 5.67 5.92 4.33 4.67 5.67 -2.84*  -071 442 550 592 467 533 6.00 -0.01 0.00
Engagement other 4.67 5.17 5.67 4.08 4.67 567  -1.27 -032 475 550 592 467 533 600 -143 -0.36
Perceived Emotional self 3.75 4.00 5.00 2.56 3.50 463  -2.13* -0.53  4.00 450 494 375 438 500 -0.24 -0.06
Contagion other 3.75 4.00 5.00 2.56 3.50 463  -2.13* -0.53  4.00 450 500 375 438 494 -120 -0.30
Perceived self 5.17 6.00 6.00 4.42 6.00 6.00 -1.34 -033 533 583 6.00 533 567 625 -0.66 -0.17
Comprehension other 5.33 6.00 6.00 4.75 5.83 6.00 -1.33 -033  5.08 6.00 6.00 508 6.00 600 -0.32 -0.08
Perceived partner characteristics
Likeability 5.56 6.00 6.88 3.75 5.13 6.00 -296** -0.74 500 6.00 7.00 513 600 7.00 -0.24 -0.06
Trustworthiness 5.00 5.75 6.19 4.38 5.25 6.00 -2.40* -0.60 525 600 7.00 525 6.00 7.00 -1.06 -0.26
Intelligence 5.25 6.50 7.00 4.25 5.50 7.00 -2.25* -0.56  6.00 6.00 7.00 500 6.00 7.00 -239* -0.60
Satisfaction with group work
Enjoyment 5.00 6.00 6.00 3.25 5.00 6.00 -2.35* -0.59 525 6.00 6.00 500 6.00 600 -1.51 -0.38
Engagement 5.00 5.50 6.00 4.00 5.50 6.00  -0.80 -020 500 6.00 675 500 6.00 600 -1.33 -0.33
SSQ total score 59.84 6545 70.13 59.84 6358 7480 -0.58 -0.14 - — - — - - -

¥ p < 0.05, ¥ p < 0.01



TABLE III: Results of Subjective Evaluation of Task 2.

Remote participants (N=16)

Local participants (N=32)

Indicators X .
Baseline Proposed 7 ” Baseline Proposed 7 ,
Ql Q2 Q3 Ql Q2 Q3 Q. Q2 Q3 Q Q2 Q3
NMM-SPI
Co-Presence self 4.13 4.75 5.50 2.81 3.88 525 -2.35% -0.59 3.00 388 450 350 4.00 494 -1.18 -0.29
other 3.56 4.00 4.88 2.56 3.25 444 -191 -048 350 375 425 350 375 444 -041 -0.10
Perceived Attentional self 4.42 5.00 5.58 3.42 4.50 5.00 -2.49* -0.62 350 467 6.00 375 500 592 -021 -0.05
Engagement other 4.33 4.83 5.58 3.75 4.33 525  -1.58 -039 442 467 6.00 433 517 592 -051 -0.13
Perceived Emotional self 4.00 4.13 4.69 3.25 3.75 438  -2.20* -0.55 4.00 450 5.00 400 450 500 -0.95 -0.24
Contagion other 4.00 4.00 4.94 3.06 3.88 425  -2.45% -0.61 381 438 500 400 450 500 -0.20 -0.05
Perceived self 3.25 5.00 5.83 2.67 3.17 525  -1.89 -047  3.67 467 533 300 433 500 -191 -0.48
Comprehension other 3.00 4.50 5.58 2.67 3.33 492 -142 -035 3.67 483 6.00 333 417 500 -233* -058
Perceived partner characteristics
Likeability 5.31 6.00 6.44 4.75 5.38 6.00 -1.86 -046 525 613 7.00 513 6.13 7.00 -0.08 -0.02
Trustworthiness 6.00 6.00 6.44 4.63 5.75 6.19 -2.57* -0.64 506 638 7.00 525 638 7.00 -0.35 -0.09
Intelligence 6.00 6.50 7.00 5.25 6.00 7.00 -1.73 -043 500 600 7.00 500 6.00 7.00 -0.29 -0.07
Satisfaction with group work
Enjoyment 3.50 5.00 6.00 3.00 5.00 6.00 -0.58 -0.15  5.00 6.00 6.00 500 6.00 6.00 -0.68 -0.17
Engagement 3.00 5.00 6.00 3.00 4.50 575 -0.84 -021 500 600 675 500 6.00 6.00 -0.40 -0.10
SSQ total score 59.84 6358 70.13 59.84 6358 70.13 -0.74 -0.19 — — — — — — — —
MEC-SPQ 2.28 2.56 3.88 2.44 3.25 359  -0.88 -022 225 306 359 266 319 350 -045 -0.11
Satisfaction with outcome 3.80 4.00 5.20 3.25 3.80 440 -134 -033 345 440 550 400 490 555 -020 -0.05
* p < 0.05
-0.19).

[ Experienced [ Novice

Baseline Proposed

Fig. 6: The violin plot shows the results of the MEC-Spatial
Presence Questionnaire (MEC-SPQ) for each method with a
separate VR experience. The scores of VR-experienced users
using the proposed method are higher than those of the others.

TABLE 1IV: Cross-tabulation table for the correct number of
quizzes.

Proposed Total
Correct  Incorrect
Baseline Correct 4 4 8
Incorrect 3 5 8
Total 7 9 16

were divided into two groups based on self-reported VR usage
experience (Experienced: N = 9, Novice: N = 7), and the
scores were visualized in Fig. 6. Among participants with
VR experience, scores for the proposed method tended to
be higher. Median total SSQ scores showed no significant
differences between conditions (Z = -0.74, p = 0459, r =

Regarding objective evaluations, the mean speech ratio for
remote participants was 0.38 (SD = 0.14) and for the baseline
method, and 0.36 (SD = 0.19) for the proposed method. A
paired t-test revealed no significant difference between the two
methods (+ = 0.83, p = 0.42, r = 0.22). For quiz accuracy,
a McNemar test was conducted using the contingency table
shown in Table IV, which indicated no significant difference
in the distribution of correct and incorrect responses between
the two methods.

5.3. Preferences of the method

After each task, remote participants completed a compar-
ative questionnaire asking which method they found more
enjoyable, easier to use in future meetings (Loyalty), and more
conducive to participation (Efficiency). As shown in Table V,
a significantly higher number of participants preferred the
baseline method in all three categories in Task 1 (Enjoyable: p
= 0.021; Loyalty: p = 0.001; Efficiency: p = 0.021). However,
in Task 2, there was a significant increase in preference for the
proposed method in terms of enjoyment (p = 0.021). Many
participants described the ability to freely explore the virtual
space as “novel” and “fun.”

Responses from local participants showed no significant
differences in either task, indicating that they were largely
unaware of which method the remote participant was using.

6. DISCUSSION

Based on the experimental results, this section discusses
verifying the three hypotheses formulated in this study.

6.1. HI: Effects of Avatar Representation

To evaluate whether avatar-based representation can provide
a shared sense of presence and favorable impressions compara-
ble to live-action video, this study investigated whether avatars



TABLE V: Number of responses on preferences of method (or session) for each task.

Remote participant (N=16)

Local participants (N=32)

Indicators
Baseline  Proposed P Baseline  Proposed 4

Task 1  Enjoyable 13 3 0.021* 18 14 0.596

Loyalty 15 1 0.001** 20 12 0216

Efficiency 13 3 0.021* 19 13 0.377
Task 2 Enjoyable 3 13 0.021* 18 14 0.596

Loyalty 4 12 0.077 16 16 1.000

Efficiency 10 6 0454 18 14 059

can facilitate a similar level of shared perception with local
participants (shared perception via avatars), and whether the
impressions of local participants perceived through avatars are
as favorable as those perceived through live video (impression
formation via avatars).

Regarding the shared perception via avatars, the results of
the NMM-SPI indicated that the baseline method using live-
action video outperformed the avatar-based proposed method
on several metrics, such as co-presence, emotional contagion,
and attentional engagement in both tasks. These results suggest
that the avatar-based virtual space may not have conveyed
the same strong sense of “being together” as the live video
condition. One primary reason for this outcome is the technical
limitations of avatar representation. While the system in this
study combined 360-degree video with pose estimation to
reproduce upper-body movements in real time, it was difficult
to capture subtle gestures and rapid facial expressions with
high fidelity. In some cases, minor movements were filtered
out during processing. Particularly in brainstorming discus-
sions where participants rely heavily on facial expressions
and reactions to gauge each other’s intentions, the lack of
nonverbal feedback through avatars likely made it harder
for remote participants to interpret the social dynamics of
the meeting. Another possible factor behind the lower co-
presence scores is the uncanny valley phenomenon. When
avatars closely resemble humans but fail to match live-action
realism in behavior or expression, even minor discrepancies
can lead to discomfort. If the appearance of an avatar is nearly,
but not perfectly, realistic, users may experience a loss of
perceived togetherness rather than a sense of immersion.

With regards to impression formation via avatars, the base-
line method yielded higher scores on all categories (likeability,
trustworthiness, and intelligence) of partner perception traits
for Task 1, and trustworthiness for Task 2. These results
indicate that avatarization reduced local participants’ likability,
trust, and perceptions of intelligence. In particular, even with
photorealistic appearances, the limited range of reproducible
movements and expressions may have triggered the uncanny
valley [41], potentially increasing discomfort.

Previous studies have shown that in knowledge-based tasks
such as meetings, a more realistic appearance is preferred
over an abstract one [21], [46]. However, the uncanny valley
phenomenon [41], where a realistic appearance is perceived as
unsettling, becomes more pronounced, potentially causing dis-
comfort for remote participants. Addressing these challenges
will require further advancements in avatar technology. While

* p < 0.05, ¥: p <0.01

the current system implemented a combination of voice-based
lip-syncing and pose estimation, future work must explore
more naturalistic movement generation and design approaches
to mitigate the uncanny valley. Alternatively, one potential
direction is the use of intentionally abstract avatars that avoid
hyperrealism, which may help reduce user discomfort and
improve social acceptance.

6.2. H2: Effects of 3D Spatial Navigation

Next, we examined the extent to which the seat position
control using a limited 6DoF feature provided by the proposed
method contributes to remote participants’ spatial understand-
ing and task performance. Regarding the spatial awareness,
the results of the MEC-Spatial Presence Questionnaire (MEC-
SPQ) showed no significant overall differences between the
baseline and the proposed method. However, among partici-
pants with prior VR experience, scores were slightly higher
when using the proposed method. These findings suggest that
users who are already comfortable with VR navigation (e.g.,
familiar with movement controls) are more likely to effectively
utilize 6DoF capabilities to enhance spatial understanding.
Conversely, these results indicate that the proposed method
requires a certain level of familiarity with VR environment.

With respect to task performance, no significant improve-
ments were observed under the proposed method. While some
remote participants reported that spatial navigation was helpful
for specific quiz problems, local participants often led the
discussions and collectively supplemented the required infor-
mation. As a result, the ability of a single remote participant
to change viewpoints did not have a decisive impact on
overall group outcomes. These findings further suggest that the
effectiveness of viewpoint movement depends strongly on the
nature and difficulty of the task. In particular, the spatial quiz
used in this study may not have sufficiently emphasized spatial
exploration, embodiment, or nonverbal cues, factors that are
central to the potential advantages of 6DoF navigation. Future
work should therefore consider task designs that more directly
assess these aspects in order to more thoroughly evaluate H2.

6.3. H3: Engagement and Method Preference

Finally, we assessed whether the proposed method increases
remote participants’ willingness to engage in meetings and
whether they perceive it as a more favorable interaction
modality.

With regards to the meeting engagement, the results of
group satisfaction and the speech ratio, the proposed method



did not significantly enhance engagement. In Task 1, the enjoy-
ment scores for the proposed method were lower than baseline,
likely due to limited facial expression reproduction and the un-
canny valley effect, making it difficult for remote participants
to gauge the atmosphere. In contrast, Task 2 showed no such
difference, suggesting that the novelty of 6DoF navigation
may have offset these issues to some extent. However, given
that speech ratios remained stable across methods, it can be
inferred that the proposed method did not substantially reduce
engagement. The proposed method may be considered at least
equivalent to the baseline in terms of maintaining engagement.
Regarding the preference of the method, post-task comparison
surveys revealed that, for Task 1 (discussion), most remote
participants preferred the baseline method, citing reasons such
as ease of understanding facial expressions and gestures. For
Task 2, however, more participants favored the avatar-based
proposed method, appreciating the ability to freely navigate
the space. These results indicate that user preferences are task-
dependent.

Accordingly, while live-action video was preferred for tasks
emphasizing interpersonal cues, the avatar-based approach was
more favorably received in tasks benefiting from spatial explo-
ration. This suggests that future systems should be designed
to match interaction modalities with task types. Additionally,
features that compensate for avatars’ current limitations, such
as expression recognition or symbolic emotional feedback,
may further enhance their effectiveness.

6.4. Limitations and Future Work

The findings of this study reveal that numerous factors influ-
ence user experience in hybrid meetings, including the fidelity
of avatar reproduction, the uncanny valley phenomenon, the
operational burden of spatial navigation, task characteristics,
and users’ VR experience. Three issues, in particular, should
be addressed in future work: (1) how naturally avatar behavior
and facial expressions can be reproduced, (2) which types
of tasks benefit most from 6DoF navigation, and (3) how
to design onboarding experiences for VR novices. Regarding
avatar design, various factors such as application context,
ethnicity, and geographic background may influence users’
preferences and experiences. Not all application domains re-
quire photorealistic avatars. In educational or entertainment
contexts, stylized or abstract avatars may enhance creativity
and engagement. In contrast, business or formal meetings often
demand higher fidelity in facial representation, making the
realism of avatars a critical factor. In addition, this study
was conducted with participants recruited in the authors’
country and within a relatively narrow age range, which
may limit ethnic and geographic diversity. These demographic
constraints should be considered when interpreting the results.
Future work should therefore evaluate the applicability of the
findings to participants with different cultural, ethnic, and
geographic backgrounds and across different age groups, as
well as examine long-term usage in diverse contexts.

Moreover, this study primarily focused on investigating
the impact of the proposed method on remote participants,
which required placing local participants in standard online

meeting settings. Consequently, the proposed method does not
address how local participants perceive the presence of remote
participants beyond vocal communication, such as through
facial expressions, gestures, or reactions. In addition, where
and how a remote participant is placed in the local physical
space can directly shape the experience. For instance, Drago
et al. [23] reported that seated remote avatars are preferred in
social AR/AR teleconferencing, affecting perceived meeting
appropriateness, social presence, and etiquette. This aligns
with telepresence perspectives emphasizing that experience
can be shaped by embedding meaning into spatial structure,
distance, and arrangement [18], [17]. Accordingly, examining
how awareness of remote participants’ presence and nonverbal
behavior can be supported for local participants remains an
important direction for future work.

While avatar-based virtual spaces still present various chal-
lenges, they offer promising opportunities to expand the possi-
bilities of hybrid meetings. When implemented with appropri-
ate technical refinements and task-aligned system design, they
have the potential to deliver benefits that conventional video
conferencing cannot.

7. CONCLUSION

In this study, we proposed a novel approach to enhancing
the experience of remote participants in hybrid meetings
by constructing a virtual space in which local participants,
captured via a 360-degree camera, are represented as avatars,
and remote participants can navigate the environment with
the seat position control using a limited 6DoF feature. We
conducted the user study to clarify the advantages and limita-
tions of integrating avatars and free-viewpoint interaction into
hybrid meeting contexts. Future work should improve avatar
expressiveness, optimize task design to enhance the remote
participant experience, and develop support mechanisms that
enable local participants to better perceive remote participants’
presence and nonverbal behavior.
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