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Fig. 1. A hybrid meeting using Hybridge. (a, c) show remote participants A and D, who may view a Hybridge
room from any digital seat. (b) shows the local Hybridge room, with remote participants A and D distributed
in-room. (d) show the meeting map of the Hybridge room digital twin with in-room (yellow) and remote
(green) participants in their physical and digital seats. (e-i) Remote view choice: Remote participant A pans
right to see Remote participant D (Time 1 - 2), switches to virtual view (Time 3), chooses a new digital seat
(Time 4), pans right to see content (Time 5).

Hybrid meetings limit inclusion for remote participants. The Hybridge experimental system provides different
interfaces for remote and room endpoints, focusing on improving inclusion via shared spatiality and remote
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agency. In-room participants see remotes on displays around a table, and remotes see video integrated into a
digital twin. Remotes can choose where to appear and from where they view the room. We tested Hybridge in
a within-subjects study of group survival tasks. An in-person condition was followed by a counterbalanced
order of hybrid traditional videoconferencing (“Gallery”) and Hybridge. We found that co-presence and agency
differences between in-room and remotes were alleviated in Hybridge but remained in Gallery. Physical
presence for remotes was higher in Hybridge than Gallery. Conversation flow was better in Hybridge than
Gallery, but ease of awareness was not different. We argue that asymmetry should be embraced when designing
hybrid meeting systems, with inclusivity achieved by tailoring features for the needs of different endpoints.

CCS Concepts: « Human-centered computing ¥ Empirical studies in HCI.
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1 Introduction

Hybrid video meetings, where some participants are together in a room while others join remotely,
notoriously lack the inclusion afforded by physical presence and simultaneity in a shared physical
space [66]. Inclusion, in this sense, has three elements: equitable opportunity of participation for
remote and in-room participants, increasing remote participants’ agency within the meeting, and
reducing remote participants’ feelings of being isolated or ignored. ! Traditional videoconferencing
shows people in a video grid (a "gallery" view), or a large content area andstrip of videos Both
versions are unnatural compared to being in person, leading to both inclusion and fatigue prob-
lems [2, 62, 76]. In fully remote meetings, disadvantage is equally shared because each endpoint
is fairly similar. However, in hybrid meetings,the number of people, physical configuration, and
technology of endpoints are substantially different in-room compared to remote.

In canonical hybrid meetings, remote and in-room participants are divided. The gallery is scaled
up on a wall display with a single camera nearby or on a table around which people in the room sit.
Remote participants are disadvantaged in two key ways. First, in-room participants have spatial
relationships with each other enabled by sharing the physical space, and also agency to navigate
the physical space by looking around while seated, moving seats, or moving around the room.
Videoconferencing constrains almost all these spatial relationships and agentic capabilities for
remote participants. Workarounds such as remote participants asking in-room participants to move
the camera add social friction and changes the view for all remotes. The technical solution of
dynamic frame cropping to in-room participants disregards the room itself and reduces the agency
of remotes by the very process of automation.

The traditional videoconferencing stage for hybrid meetings takes the form it does because it
assumes a need to hew closely to symmetrical interfaces at all endpoints. This enables scaling to large
numbers of people and meetings, reduces the complexity of setup and training, and assumes that
"What You See Is What I See’ is the best way to enable reciprocity of perspectives [36, 78]. However,
symmetry of interfaces ignores the asymmetries inherent in remote versus in-room endpoints, and
heightens the conditions that exclude remote participants. The challenge of designing for hybrid
meetings is how to attend to its inherent asymmetries of space and agency. As such, our driving

nclusion also involves broader issues relating to gender, ethnicity, ability, social class, etc. (e.g. [56, 69]), but these were
out of scope for this research.
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question is: how does an asymmetrical videoconferencing system, that emphasises shared spatiality
and heightened agency, affect remote participants’ inclusion in a hybrid meeting?

This paper reports our exploration of this research question using Hybridge, an experimental
hybrid video meeting system which manifests a combined physical-virtual space shared by all
participants on commodity hardware. We conducted a within-subject study with 48 participants in
12 groups, who completed survival tasks across three conditions:

(1) In-Person (acting as baseline measurement for collaborative meetings in knowledge work).

(2) Gallery (acting as baseline measurement for the commercial standard for hybrid meetings in
knowledge work).

(3) Hybridge (the treatment of interest).

We begin by outlining prior research that motivates our work, followed by our principles for
designing Hybridge. We then report on the methods (including hypotheses) and results for our
study. In sum, Hybridge showed significantly better results compared to traditional Gallery views
for reported measures of agency, co-presence, and physical presence for remote participants as well
as conversation flow quality in the meeting space. However, there was no significant difference
observed between the two systems for ease of awareness. Critically, we observed no difference
for agency and a reduced difference for co-presence between in-room and remote participants
in Hybridge, suggesting that it leveled the playing field between in-room and remote endpoints
compared to the standard Gallery view. We discuss our results in terms of their wider implications
for designing future hybrid-meeting systems, arguing that the goal of more inclusive meetings is
best met by embracing asymmetry by tailoring features that best fit the resources available at each
endpoint.

2 Related Work
2.1 Common interactional spaces and the challenge of video-mediated hybrid meetings

The basic state of conversation is inherently spatial and agentic. In this common interactional
space [48], meeting in groups involves not simply gathering, but displaying mutual orientation in
ways that distinguish focused from unfocused interaction [21]. Focus is displayed at bodily scale
(e.g., F-formations [34]), or gaze, head, shoulder, and arm poses and gestures, and facial expressions,
all of which also contribute to conversational flow [8, 22, 33]. Meetings have some specific forms
of embodied action to bid for turns and holding the floor (e.g., nuanced ways of raising hands and
highlighting attention [20, 47, 49, 50]. The physical configuration of spaces is also crucial. A room
with a central meeting table surrounded by chairs (e.g. [20, 67]) provides different affordances for
conversational agency than a large room with a stage and an audience facing it (e.g., [49]. When
meeting in person, then, we have a holistic experience of interlocutors’ embodied communication,
their proximity, and the relative placement of personal and shared resources. Gathering on literal
common ground helps establish social common ground [10].

Video meetings have always struggled to mimic the common interactional space of in-person
meetings [2, 17, 28, 61]. This reduces their effectiveness [11] while increasing their potential for
fatigue [15]. The overarching reason for this struggle is that video meetings rely on capture,
transmission, and display technologies that fracture and fragment the ecology of communication,
creating asymmetries [25, 26, 45] that disrupt signals of engagement [64, 68] and attention [38].
Further, it means that the person, reference, and task spaces are separated, attenuated, and/or
potentially missing [9]. Common ground, in this case a shared frame of reference, is fragmented
and harder to establish [82].

Hybrid video meetings, in which some participants are co-located and others are remote, ex-
acerbate these asymmetries [16, 51, 66, 76]. Conversational flow is disrupted, especially aspects
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such as bidding for the floor, responding in a timely manner, and knowing who is talking [65, 76].
In-grouping is common in hybrid meetings, with in-room participants disregarding or isolating
remote participants [32, 65]. The favoring of in-room participants has a strong negative correlation
with perceived effectiveness [60] and in-room participants may find tasks more enjoyable than
remote participants [5]. These issues can be heightened for those with disabilities [1]. For both
acquainted groups and strangers, in-room participants tend to be more active (e.g., setting strat-
egy, doing their work and collaborating on more, and engaging in syntheses [6]), while remote
participants tend to be more passive [6] and prey to social loafing [12]).

2.2 Space and agency in remote and hybrid meeting systems

Addressing these problems has a long history in Media Space [75] and related video-mediated
communication research [19, 24, 53]. Many Media Space systems assumed that reciprocity of
perspectives demands symmetrical interfaces [80]. In MatrixView [27], Multiview [54, 55], and
Halo [58], multiple people sit at each endpoint at semi-circular desks looking at displays showing
life-sized people. More complex hybrid interfaces bring remote participants off walls and into
the physical space to heighten agency. MMSpace [59] enables two endpoints at which a pair of
participants in a room meet with a pair of remote participants in another room. Each remote
participant is shown on an individual display with motors driving the display physically through
four degrees of freedom based on captured head pose. Here, agency takes the form of viewpoint
choice of remote participants, and in-room participants seeing where remote participants have
chosen to view. OmniGlobe [42] is less naturalistic. It uses 360° cameras on top of spherical globe
displays, enabling people at each endpoint to move freely around their space and see the remote
space, and also provided agency by using the globe via touch to bring people or objects into view.
However, symmetrical interfaces are inherently inflexible, which tends to limit the amount of
inclusion possible for remote participants, and does not fit modern conditions of work.

Leveraging asymmetries. Less attention has been paid to how asymmetries may be leveraged [46,
80] to balance out inequities between remote and in-room participants in hybrid meetings, but some
examples do exist. In MirrorBlender [23], transparencies and background subtraction are leveraged
to create a layered blend of person and task space at each endpoint. MirrorBlender provides agency
in the the relative positioning of video on the mirrored canvas, but not agency in the 3D space.
Gazelens [40] allows in-room participants to sit around a table. For remote participants, the in-
room combination of people and artifacts are captured by cameras facing people and a top-down
camera showing the collaboration surface. Remote participants see the in-room participants and
other remote participants in a strip of videos of faces that surround the top-down view of the
collaboration surface and artifacts, and have agency over their view with a control to zoom in
and out of details of places on the collaboration surface. VROOM: Virtual Virtual Robot Overlay
for Online Meetings [30] is an extremely asymmetrical system. In VROOM, a Beam telepresence
robot is augmented by adding a life-size avatar overlay of the remote participant, viewed through
a HoloLens worn by a local user, and giving the remote user an immersive 360° view of the local
space, viewed through a VR headset. VROOM has very high agency for remote viewers, as they
can physically move around the local activity space and gesture at local objects. That being said,
VROOM is also a verycomplex system requiring significant resources and complex setup at both
endpoints, making it hard to deploy at scale.

Perspectives [76] has a more subtle asymmetry and is more practically scaleable. Like MatrixView,
MultiView, and Halo before it, a meeting room endpoint is set up with approximately life-size
projection of remote participants, and individual cameras to capture each in-room participant.
Remote participants are displayed on a wall or large screen as background-extracted video sitting
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on one side of a virtual desk in a virtual room, facing the physical room participants. For in-room
participants, all remote participants appear to be in the same virtual space, which is contiguous
with the local space. For remote participants the experience is somewhat different. All other remote
and in-room participants are captured as individual background-extracted video and displayed in a
single virtual room. No physical rooms are shown. However, crucially, all participants occupy a
seat at the virtual table in a spatially-consistent virtual room, which enables every participant to
have a unique first-person view that is relative to all other participants. Perspectives is the closest
prior system to our approach to enabling inclusion, but we also made different design decisions.
As such, as we turn to describing Hybridge below, we will note some of its specific differences to
Perspectives.

In sum, the struggle of videoconferencing, especially hybrid, to mimic the common interactional
space of in-person meetings has largely been engaged with overcoming the asymmetries of end-
points. However, if we take the focus away from reproducing the material appearance of in-person
inclusivity, and instead focus on what matters about the shared spatiality and heightened agency
of in-person inclusivity — agency, co-presence, physical presence, awareness, and conversational
flow - then we might embrace asymmetrical features. And, further, we might do so to improve the
inclusivity of remote participants, who are currently the most disadvantanged in hybrid meetings.

3 Designing Hybridge
3.1 Design principles

The driving motivation behind our iterative design and prototyping was to bridge the gap between
remote and in-room participants in a hybrid meeting, and to level the playing field in terms of
how much each participant felt part of the meeting. Our final prototype hinged upon two design
principles: (1) distributed spatial presence of remote participants in the meeting room, and (2)
heightened agency for remote participants to choose their viewpoint and where they appeared in
the room.

Distributed spatial presence of remote participants in meeting room. Hybrid meetings create an
imbalance due to the remote participants being in their own isolated physical space while the
in-room participants share a physical space together. The standard solution (gallery view) displays
all remote participants on a single screen in the meeting room. This is constraining due to the lack
of individual presence that such an arrangement conveys, exacerbating the sense of remoteness
for remote participants. This arrangement also makes it hard for an in-room participant to direct
conversation at a specific remote participant. Additionally, since all remote participants share one
camera view of the room, it is difficult for them to direct conversation to people in the room (and
impossible to do so to other remotes). In order to mitigate this, we designed Hybridge fundamentally
prioritizing the remote participants’ spatial presence in the meeting room to create an equitable
experience and a shared sense of spatiality between in-room and remote participants.

Hybridge creates a shared space blending the physical and virtual for which the baseline truth
is rooted in the shared physical space. Remote participants have a physical presence at seats
in the physical room, but they are not anchored to those seats. The virtual room experienced by
remote participants is a digital twin of the physical room, rather than a wholly virtual space. Wholly
virtual spaces might make remote participants dissociate from the physical room, furthering the
disconnect between the local and remote participants.

Heightened agency and control for remote participants. Another factor in imbalance is the agency
and the amount of control that the remote and in-room participants have over the meeting space.
The physical meeting room is given precedence over the physical spaces that the remote participants
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join from, since the meeting room hosts multiple participants. Consequently, this leads to the mental
model of the remotes ‘dialing in’ to the meeting room. Any adjustments in the remotes’ view of
the room is either impossible (if the meeting room hardware is immovable), or mediated through
in-room participants (e.g., requesting a room participant to nudge the camera to bring something
into view). This lack of control and reliance on in-room participants can lead to feeling like they
can’t participate in the meeting at the same level [6, 12]. We argue that to level the playing field,
designing for hybrid meetings should provide remote participants with as much or even more
agency than the in-room participants. Hybridge allows remote participants to choose (1) where
they appear in the meeting room, and (2) where they view the meeting room from. Additionally,
remote participants are able to view the meeting room from viewpoints that are not possible for
in-room participants. We offer these controls through an interactive digital twin of the meeting
room, which marks the occupancy status of all seats (for both in-room and remote participants),
and the ability to navigate the digital twin. So, like Perspectives [76], we provide a first-person
view, as if remote participants are sitting in a seat in the physical room. However, we take this
further and enable remote participants to explore other perspectives, leveraging the virtuality of
the digital twin. A remote participant in Hybridge can see a bird’s eye view of the room, which is
unnatural, but provides remote participants with agency not possible in most videoconferencing
systems, and agency not available to in-room participants. We leverage this asymmetry to level
the playing field between remote and in-room participants not in terms of literal capabilities, the
rather extent of capabilities. We hypothesized that providing remote participants with heightened
agency—over their viewpoint of, and position in, the room via spatially distributed seats, and via
an interactive digital twin of the room—will lead to their feeling of being able to participate and
engage in the meeting, and enhance their feeling of being present in the meeting room.

3.2 Hybridge hybrid meeting prototype

As a manifestation of our design principles, we created Hybridge, a meeting prototype system
tailored for hybrid meetings. We debated between using a canvas-based 2D vs. a spatial 3D interface
for the remote participant. As a first step, we studied the implications of the two interfaces which we
report in a previous paper [72]. We learned that 3D outperformed 2D in the participants’ perceived
sense of awareness, sense of agency, and physical presence. The majority of participants in that
study also subjectively preferred 3D over 2D. Thus, we used the 3D interface as a starting point for
the present study, and incorporated further feedback from our participants from the first study
in order to design the final version of Hybridge as studied in this paper. This section talks about
designed features and UX—for technical implementation details, please see Appendix A.

3.2.1 In-room setup. In the meeting room, Hybridge provides smaller 27" displays in portrait
orientation with a camera and speakers, positioned around a table among the physical seats (see
subsection A.2 for implementation details). The size of these monitors was chosen to render the
remote participant at approximately life-size. A separate front-of-room display (52") is provided
in the meeting room for shared digital content (Figure 5 (c)). The smaller displays act as “digital
seats” that can be occupied by a single remote participant, who can be seen and heard as if they
were sitting at the table. This arrangement creates a dedicated space for each remote participant
in the physical meeting room, and affords them a unique visual and aural perspective from this
position. It also aids implicit non-verbal cues within conversations permitting natural gaze cues.
In-room participants can address the remotes uniquely by turning their heads towards a particular
display, helping in-room participants feel they are interacting directly with the physically distant
participant. Simultaneously, it in turn helps the remote participant acknowledge that the in-room
participant is talking to them, and to direct conversation to specific individuals—both in the room
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and remote. This allows for increased sense of connection between participants, lending depth to
dialogues between distant and in-room collaborators.

3.2.2 Remote setup and interface. Remote participants join the meeting from a satellite room
located in the same building, equipped with a 27" monitor, keyboard, mouse, and headphones to
render spatial audio (see subsection A.3 for implementation details). Participation in the meeting is
mediated through the Hybridge software prototype, which is a digital twin of the meeting room.
The digital twin blends the other remote and in-room participants through camera and virtual
representations, with spatialized audio—the remote participant sees and hears others in a spatially
consistent way. The digital twin broadly offers three types of views to the participant, with simple
interaction features:

Room view. In the “room view”, participants see a 3D replica of the meeting room (Figure 1 (d))
with a freely movable camera. The room view shows furniture and other landmarks (e.g., potted
plant, painting) positioned in the meeting room, including the displays that act as potential seats
for the remote participants. Occupied “digital seats” show other remote participants’ video, and
occupied chairs show in-room participants as static, generic avatars.

Seated view. The participant can select an empty digital seat to occupy by clicking on the display
in the room view. Upon selecting a digital seat, the remote participant’s view smoothly transitions
from the room view to the seated view. This involves occupying the digital seat at the chosen display,
and concurrently the view blending from the 3D representation to the webcam feed from that digital
seat (Figure 2). In the seated view, the participant is able to control their viewpoint by panning the
camera left and right (Figure 3 (1c,2c)). As the participant pans their camera and changes their
attention target, everybody in the meeting gets feedback—the other participants see a billboard
effect on this participant’s video on the physical display this participant has occupied (Figure 3
(1b,2b)), and the participant themselves see their FOV cone on the mini-map (described below)
rotate to reflect their current view direction (Figure 3 (1a,2a)).

Mini-map. A mini-map at the bottom-left corner of the screen shows a live top-down view of
the room. The map shows the current location of the participant as a yellow circle, along with a
field-of-vision (FOV) cone that indicates the participant’s gaze direction (Figure 3 (1a,2a)). Seats
occupied by others are also marked: in-room seats with a red square, and digital seats with a red
circle. The name initials of all seat occupants are also shown. The occupancy state information
from the 3D room view and the map can aid the remote participant decide which digital seat to
occupy.

323 Meeting UX. With Hybridge, in-room participants maintain their spatial navigability and
ability to change seats, while seeing remotes on individual displays positioned around a table
sharing the same physical space. Remotes see video feeds from the room blended into a spatialized
digital twin of the meeting room, which enables them to see and hear meeting participants in

Fig. 2. Seat selection: the participant smoothly transitions from the room view in the digital twin (a) to the
seated view (e).
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