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ABSTRACT

Hybrid meetings often exacerbate social asymmetries, leav-
ing remote participants feeling overlooked and disengaged.
We present ProxyBridge, a hybrid conferencing system de-
signed to enhance remote presence and interaction through
an embodied tabletop device, mobile interface, and interac-
tive desktop platform. ProxyBridge supports whisper inter-
actions, gaze cues, emotion signaling, and speaker indica-
tion via light and haptic feedback. Grounded in literature
on social presence, accessibility, and proxemics, our multi-
method study included interviews, surveys, focus groups, and
Wizard-of-Oz evaluations to identify user needs and assess
usability. The results indicate that ProxyBridge promotes im-
promptu interaction and improves remote visibility, but it also
highlights conflicts related to onboarding, privacy, and cus-
tomization. This study offers empirical insights and a new
hybrid interface design for promoting fair participation in re-
mote meetings.

INTRODUCTION

Hybrid meetings—those combining in-person and remote
participants—have become widespread across professional,
academic, and social settings. A systematic review by Neu-
mayr et al. (2021) notes the surge in hybrid collaboration
following the shift to remote work during the COVID-19
pandemic [19], a trend also reflected in academia during
pandemic-related disruptions [18].

While hybrid formats expand flexibility and accessibil-
ity—especially for those with impairments or across re-
gions—they also pose challenges. Studies report communica-
tion breakdowns, disruptions, and reduced engagement com-
pared to in-person meetings [21, 33]. Yet, hybrid systems
remain vital for broadening access and participation [18, 21].

Remote attendees often report diminished presence, fewer
spontaneous interactions, and difficulty keeping pace. These
asymmetries cause exclusion, cognitive strain, and reduced
participation. Hybrid meetings often lack immersion, con-
tributing to disconnection [32]. Research shows remote users
feel marginalized and struggle to contribute equally [15, 35],
with impacts on inclusion, agency, and conversational flow
[20].

This project introduces ProxyBridge, a system using physi-
cal proxies to enhance remote presence in small-group hybrid
meetings. Through a tabletop device, mobile app, and desk-
top interface, it enables haptic and visual cues, gaze direction,
emotion display, and whisper-style interactions.

Building on work in social presence, proxemics, and acces-
sibility, this research uses interviews, surveys, focus groups,
and Wizard-of-Oz testing to identify remote user needs and
assess ProxyBridge’s effectiveness.

This work makes the following contributions:

e We contribute a novel hybrid meeting system, Proxy-
Bridge, which leverages physical embodiment, emotion
signaling, and whisper-style communication to support vis-
ibility and interpersonal expressivity for remote partici-
pants.

e We present a multi-stage user-centered design process,
incorporating interviews, surveys, a focus group, and
Wizard-of-Oz usability testing to surface pain points and
design opportunities in hybrid meeting contexts.

e We provide empirical evidence that embodied proxies can
mitigate social asymmetries in hybrid meetings, enhancing
spatial presence, engagement, and user agency.

e We offer design implications for future hybrid meeting
technologies that emphasize accessibility, user control, and
equitable interaction across physical and virtual divides.

LITERATURE REVIEW

Historical Context: Foundations of Hybrid Communica-
tion

Hybrid meetings—combining in-person and remote partici-
pants—have been explored since early video-mediated sys-
tems like DOLPHIN [27] and VideoWindow [7], which used
shared displays and ambient cues to support remote presence.
Though limited by technology, they established goals around
informal communication and co-presence.

Media richness theory [4] shaped later systems such as Side-
Bar [6], designed to foster social engagement via ambient in-
teraction. Follow-up work advanced presence through simu-
lated gaze [34], turn-taking cues [9], and immersive technolo-
gies like VR [17] and holographic conferencing [14].

Proxemics and Spatial Mappings

There are numerous ways that spatial and proxemic relation-
ships interact with everyday social cues, and many of them
are lost in virtual and hybrid meetings. Proxemics is a field
concerned with how space and distance impacts human com-
munication and culture [8]. During routine in-person interac-
tions, people naturally utilize proximity and spatial arrange-
ment to facilitate communication or signify social and cul-
tural contexts and cues.

During co-located meetings, seating arrangements shape
interaction dynamics and reflect culture and interpersonal
bonds. Research on group settings shows that physical prox-
imity influences communication flow and relationship forma-
tion. People tend to sit next to or across from teammates or
friends to ease interaction [5]. People will often choose to sit



next to specific people, or reserve a seat for another attendee
who has yet to arrive [11].

Proximity affords many non-disruptive peer-to-peer commu-
nication methods, even during the middle of a meeting or pre-
sentation. Common interactions include leaning in, closing
the distance even further, and whispering to others at a low
volume for quick comments, questions, and sidebar conver-
sations [26].

Subtle nonverbal clues, such as tapping someone to get their
attention or speaking quietly to people nearby, are essential
for controlling the conversation’s flow [23, 11] and preserv-
ing spatial links in face-to-face interactions. Participants can
more easily negotiate group dynamics and prevent needlessly
alerting those who are not directly involved by using these
behaviors.

However, studies show that existing teleconferencing plat-
forms lack many of these organic, conversation-enhancing
connections, which causes distant participants to lose the
richness of their nonverbal communication and their geo-
graphical awareness. The limitations of video and audio
channels in remote meetings restrict the full spectrum of non-
verbal cues, making it more challenging to replicate the fluid-
ity and subtlety of in-person group communication [13, 25].

These emergent social dynamics based on proximity are en-
capsulated in Halls’ proxemics theory through the concepts
of public, social, personal, and intimate space [8]. In a larger
conference room, some people may be within public space,
and thus too far away for social interaction. In a hybrid meet-
ing, all remote attendees are arguably within public space
by default. In smaller co-situated settings, all attendees are
within social space. When whispering discreetly to a neigh-
bor, the boundary is crossed into personal space, while touch-
ing somebody to get their attention enters intimate space.
Moving to closer circles of distance can result in more per-
sonal, less formal social interactions, as well as increased pri-
vacy [8, 26].

Social Cues and Signals

Gaze direction and body orientation play a key role in in-
person communication. People naturally look toward speak-
ers or visual aids, using gaze as a social signal to focus atten-
tion and integrate information [31]. Gaze also helps identify
speakers and regulate conversation, making it easy to assess
attentiveness or distraction [22].

Speakers may receive passive signals that they need to repeat
themselves, or that they are droning on and should accelerate
their presentation. Alternatively, they may choose to elabo-
rate more if they see rapt attention [11]. Attention and spa-
tial relationships are further entwined, and they broadly im-
pact the flow of conversations. It is far easier for somebody
situated proximally nearby to the active speaker to interject
than it is for somebody who is on the other side of the room
[11]. Peripheral vision can catch signifiers such as opening
the mouth, or a body posture indicating an intent to speak.

With current technology in hybrid meetings, remote partici-
pants, in effect, are always the ”other side of the room” and

“outside of peripheral vision,” so they must typically attempt
to speak or respond from a “cold start” without having the
benefit of peripheral attention. [11, 26]. The need to at-
tract attention before speaking, and the risk of multiple par-
ticipants speaking over each other at once, is heightened for
remote attendees, causing a disjointed conversational flow.
This awkward social dynamic results in remote participants
frequently opting to vocalize or contribute less than they oth-
erwise would in person [26].

Interestingly, while media richness theory [4] suggests that
communication benefits from having multiple channels of
rich communication available, the symmetry of this arrange-
ment is also important. Simply adding more channels of rich
communication from one side to another can actually exacer-
bate feelings of exclusion and isolation [23], heightening the
social presence asymmetry. This suggests it’s not sufficient
to make remote meeting attendees aware of what’s happening
in the co-located space; a socially equitable hybrid telecon-
ferencing system must also convey rich media channels and
social cues from the remote attendee back to the in-person
attendees.

Hybrid Meetings as an Accessibility Tool

Hybrid meetings often act as an accessibility tool by allowing
individuals to participate in meetings despite physical barriers
or disabilities. Tools like Zoom and Microsoft Teams, which
have become ubiquitous since the COVID-19 pandemic, offer
a way to participate in a meeting without physically being
there, which is particularly helpful for individuals with motor
disabilities who may deal with barriers in getting to various
physical locations because of inaccessible routes or locations

[2].

Hybrid meetings also offer opportunities for accessibility for
individuals who are Deaf or Hard of Hearing (DHH). On-
line meeting technologies like Zoom typically have automatic
captions that remote participants can enable, making spoken
language more accessible to a DHH meeting attendee. Mc-
Donnell et al. conducted 15 semi-structured interviews with
DHH individuals exploring their perceptions of current cap-
tioning features in videoconferencing software, finding that
users wanted features allowing them to give and receive non-
verbal feedback related to the captions. Additionally, “five
people independently suggested displaying captions next to
each speaker’s online video feed” [16]. Another study con-
ducted by Seita et al., in which mixed-ability groups designed
small-group captioning features, revealed preferences for fea-
tures allowing meeting attendees to correct automatic cap-
tions in real time, and ask the speaker to slow down or speak
up [24].

In addition to these benefits, online meetings also introduce
new challenges related to social cues and inclusion, especially
for neurodivergent individuals. In a recent study featuring in-
terviews with 21 disabled professionals, Alharbi et al. found
that while hybrid meetings serve an important accessibility
function, they can also introduce access conflicts or tensions
that can impact the experience of some participants [2]. In
the case of hybrid or remote meetings, teleconferencing tools



have helpful accessibility tools, but they also introduce so-
cial tensions that especially impact individuals who are neu-
rodivergent; individuals with autism may struggle more with
understanding social cues and focusing for long periods of
time, which is exacerbated by joining a meeting remotely
[36]. Therefore, it is important that ProxyBridge’s design de-
cisions works to make teleconferencing more accessible to
neurodivergent individuals, while also maintaining and en-
hancing the existing accessibility benefits.

Commercial Platforms and Their Limitations

Mainstream hybrid platforms like Zoom, Teams, Webex, and
Meet have added features like live captions and reactions
[3, 30], yet accessibility and social presence remain limited.
Speech-to-text has improved, but spatial feedback, emotional
cues, and turn-taking tools are still lacking [3]. Studies high-
light persistent issues with rapport, turn-taking, and subtle
cues in hybrid contexts [10].

Emerging tools like BlueJeans, Gather, and SpatialChat use
avatars and spatial layouts to enhance engagement but often
prioritize novelty over accessibility. These formats may im-
prove representation but still fall short on equitable participa-
tion [12, 28], continuing to marginalize remote users as static
video tiles [28, 29].

IDENTIFYING USER NEEDS AND CONTEXTS OF USE

User Interviews: Findings and Design Implications

We conducted seven semi-structured Zoom interviews with
individuals active in hybrid academic, professional, or orga-
nizational settings. Participants, recruited via word-of-mouth,
discussed role differences and unmet needs around pres-
ence and inclusion. Sessions (30-45 min) were transcribed
and thematically analyzed. Common themes—feeling “out
of sync,” difficulty asserting turns, and remote invisibil-
ity—informed early design goals such as ambient cues,
lightweight signaling, and equitable turn-taking.

Engagement and Focus

Many participants (AC-P1, SC-P2, Sid-P1, Sid-P2) reported
that remote participants often feel less accountable for sus-
tained engagement due to their limited visual presence in hy-
brid settings. The absence of embodied cues, such as posture
or facial expressions, made it difficult for co-located atten-
dees to assess attentiveness. This lack of mutual visibility
contributes to multitasking and disengagement among remote
users, especially when facilitators are not actively managing
participation.

Meanwhile, there is additional tension with privacy and so-
cial norms; several participants (Sid-P1, Sid-P2, Sid-P3) ex-
pressed disdain for the practice of always-on video streams,
but without them, even more social cues are lost. Sid-P2 had
extreme dislike for compulsory video camera use, Sid-P1 said
that it feels “unnatural” and preferred it off, while Sid-P3 re-
marked that many engineers "just never turn on their cam-
eras.”

Design Implication: The ProxyBridge prototype uses haptic
and ambient light cues to indicate remote users’ attentional
states in order to solve this problem. These cues seek to

re-establish subtle social accountability and awareness, while
giving users alternatives to video streams.

Communication and Social Asymmetry

The capacity of distant individuals to have sincere interac-
tions varied significantly. Multiple participants (AC-P1, Sid-
P2, Sid-P3) felt excluded from frequent un-moderated side
discussions between co-located participants, which are inac-
cessible to those attending remotely. Sid-P2 who had shifted
from a mostly in-person to a mostly-remote role reflected on
how useful whispering to people in meetings was in person,
while a remote/hybrid setup doesn’t facilitate this interaction.
Sid-P1 and Sid-P3, both in management roles, believed that
sidebar conversations in hybrid contexts were harmful to team
cohesion and communication efficacy as they excluded re-
mote attendees. Sid-P1 did not witness exclusion, as he had
prohibited sidebar conversations to avoid this problem. Sid-
P3 similarly often enforced a “one conversation at a time”
rule in meetings he presided over, noting The remote peo-
ple [...] they seem like they’re left out of this dynamic.”, and
adding that he personally found it "annoying” to be left out
of side-talk when he is remote.

AC-P1 in addition to pointing out challenges with speaking
turn detection and backchannel interactions. The remote par-
ticipant’s confidence in participating in discussions was fur-
ther hampered by the absence of real-time social cues.

Design Implication: As a result, ProxyBridge has features
that support private communication, like whisper-style chan-
nels and subliminal emotional feedback indicators. These
features aim to support social signaling without interrupting
the primary meeting flow, and without excluding remote par-
ticipants, thereby improving conversational equity.

Meeting Facilitation and Participation Structure

All but one participant emphasized the importance of strong
facilitation in hybrid meetings. Meetings in which facilitators
explicitly managed turn-taking and enforced agenda-based
structures were perceived as more inclusive. However, exces-
sive mediation was described as potentially slowing conversa-
tional dynamics or feeling overly hierarchical. Sid-P3 alludes
to needing to mute chronic interrupters to keep meetings flow-
ing. Many participants speak of the difficulty of knowing
when to talk after questions are posed; Sid-P1 speaks of mo-
ments of “dead silence” as attendees try to navigate this with-
out natural cues, while Sid-P2 mentions people being con-
stantly talked over.

Design Implication: To reduce reliance on verbal facilitation,
the system integrates LED-based signaling to indicate a re-
mote participant’s desire to speak. This visual notification is
intended to assist both facilitators and co-located participants
in recognizing remote contributions within the natural flow of
the meeting.

Environmental and Interface Factors

The ability to perceive the spatial dynamics of a room was
associated with improved situational awareness. AC-P1 ex-
pressed that seeing the full meeting room view—rather than
individual video tiles—provided useful context regarding
group engagement and mood. Text-based backchanneling via



Table 1: Interview Participant Demographics and Roles

# Title Manager Age Gender Industry
Sid-P1  Senior Staff Engineer Technical Lead 3544 M Tech

Sid-P2  Senior Software Engineer No 25-34 M Tech

Sid-P3  Senior Manager Digital ASIC Development Yes, Director 55+ M Tech

SC-P1  Student N/A 1824 F Creative
SC-P2  Sales Director Yes 55+ F Manufacturing
SC-P3  Clinical Professor in Foundations No 25-34 M Education
AC-P1 Equal Employment Opportunity Director Yes 55+ F Government

chat or messaging platforms was also described as a valuable
secondary layer of interaction, especially for asynchronous
contributions.

SC-P2 and Sid-P3 stated that video streams create difficulty
in interpreting one’s social signals; they are more likely to
misread attendees’ state through video feed than when in per-
son. Potential technological difficulties add more uncertainty
to this confusing situation. Sid-P3 further added that larger
meeting rooms often present difficulty for remote attendees,
since microphones often struggle to pick up audio from co-
located attendees in far-off corners of the room.

Design Implication: The physical embodiment of the Proxy-
Bridge device was developed to provide an embodied, spatial
representation of remote attendees. The gadget, which is po-
sitioned inside the conference area, supports awareness for
both co-located and remote users by communicating speaker
concentration and attention states using position-based, hap-
tic, and ambient light signals. Even in far-off corners, sounds
will be recorded thanks to the placement of several devices
throughout the space.

Survey

In order to gather a wider range of user perspectives, we also
conducted an online survey using Google Forms. The survey
had 11 total responses; nine of the survey participants were
between the ages of 18 and 24, two were between 25 and 34,
and one was above 55. Most of the participants were either
employed, students, or both.

The survey results reinforced many of the findings from our
interviews. Although all 11 respondents rated themselves as
either Familiar or Very Familiar with teleconferencing tools,
8 reported experiencing exclusion or disengagement while
being an online participant in a hybrid teleconferencing meet-
ing. This suggests that the disconnect in hybrid meetings is
not a result of users being unsure how to engage using tele-
conferencing software, but rather a limitation of the telecon-
ferencing software itself.

When asked about missing teleconferencing features that
would make it easier to collaborate between remote and in-
person meeting participants, survey respondents expressed a
desire for features that simulate in-person interactions, often
noting the ways that current teleconferencing tools are insuffi-
cient. Below are some key open-ended survey responses that
show users’ desired features in teleconferencing tools:

e S1: ”Allow for side conversations that don’t interrupt the
meeting.”

e S3: ”During hybrid meetings, in-person attendees are of-
ten looking at each other instead of at their screens, so the
hand-raising feature is often not noticed right away when
used by remote attendees.”

e S7: "Most teleconferencing software is fairly feature-rich,
but accessing those features is often non-obvious, espe-
cially to those who are less comfortable with using tech-
nology.”

e S8: I think having more subtle communication would
help, such as if the hand raise feature also counted who
raised their hand first, second, etc. Including subtitles can
help understand online participants and being able to react
to what people are saying through emotes would also be
more engaging.”

The need for improved interaction between remote and in-
person participants in a hybrid meeting is highlighted by these
remarks from survey respondents. This can be achieved by
including features that mimic in-person interactions, such as
side conversations, emotional reactions, and improved hand-
raising. The comment from S7 was particularly interesting,
as this participant noted the importance of teleconferencing
features being easy and “obvious” to access, especially for
meeting attendees who are less tech-savvy.

RESULTS

Findings

Results from surveys and semi-structured interviews showed
that remote individuals consistently exhibited patterns of
marginalization. The structural restrictions in the hybrid sys-
tem design were the main cause of engagement barriers rather
than a lack of experience with teleconferencing tools.

Theme 1: Visual Presence Without Agency

Despite being visible on screen, participants lacked embod-
ied cues—like gaze, gesture, or posture—to signal attention
or intent. This reduced their agency in discussions. One par-
ticipant described feeling like “a floating head on the screen”
as in-person conversation continued. In the survey, 8 of 11 re-
spondents—though “Familiar” or “Very Familiar” with tele-
conferencing—reported feeling excluded or overlooked.



Theme 2: Richness Versus Clarity

Chat, reactions, and hand-raising aimed to support remote
users, but many found them ambiguous in practice. One
respondent noted hand-raises “often go unnoticed” since in-
person participants focus on each other, not the screen. Oth-
ers mentioned that chat inputs and reactions lacked consistent
interpretation, delaying responses and causing misalignment.

Theme 3: Structure Versus Spontaneity

Participants valued structured support (e.g., round-robin
speaking), but also noted that rigid formats can suppress or-
ganic interaction—especially in small-group settings. Sev-
eral respondents emphasized the importance of “side conver-
sations” or private backchannels for engaging without inter-
rupting the main discussion.

Design Implications

Hybrid meeting systems should prioritize legible, expres-
sive remote presence over mimicking in-person interaction.
Ambient cues (e.g., lights, haptics), intuitive design, and
lightweight side channels (e.g., whispers, nudges) enable
spontaneous yet unobtrusive participation. These principles
shaped ProxyBridge, which uses subtle embodiment and am-
bient signaling to support equitable, natural remote engage-
ment.

INITIAL PROTOTYPE

ProxyBridge Device Interface: In-Person Perspective

The need to rethink how remote participants are represented,
engaged, and perceived in hybrid meetings led to the creation
of ProxyBridge. Early user studies highlighted recurring is-
sues of imbalance, disengagement, and exclusion—rooted
not just in technology but in the lack of physical presence and
limited communication affordances. A Figma-based proto-
type was developed as a speculative interface to explore these
challenges and propose solutions.

Serving as both a design artifact and ideation tool, the pro-
totype illustrated how remote users might claim presence via
a proxy device and interact through ambient, non-verbal, and
expressive features. Key components included:

e Whisper and Nudge Buttons for initiating discreet one-on-
one interactions without disrupting the main discussion.

e Emotional Reaction Emojis, allowing remote users to ex-
press affective states.

e Speaking Queue, to ensure turn-taking fairness and mini-
mize interruptions.

o Shared View, a collaborative interface for indicating atten-
tion or reference points on shared content.

To support spatial orientation, the prototype featured a seat
selection flow enabling remote users to claim a physical
proxy. Designed to promote equity and presence, early test-
ing (Figure 1) uncovered usability issues such as low contrast,
small icons, and unclear claim status. Participants raised con-
cerns about professionalism and privacy, noting that public
emotional reactions and visible whisper cues—though con-
ceptually helpful—could be inappropriate in formal settings.
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Figure 1: Seat claiming interface in the Figma prototype. Re-
mote users can select and claim a physical seat in the meeting
space, supporting spatial presence and orientation.

This informed later iterations, which explored haptic or au-
ditory whisper cues and more context-sensitive avatars. The
final prototype screen illustrated the live meeting interface,
integrating expressive modalities to support continuous pres-
ence and subtle interaction for remote users.

The initial Figma prototype acted as a boundary object link-
ing HCI, accessibility, and social computing. It translated
abstract user needs into tangible concepts and guided Prox-
yBridge’s development by envisioning ambient, inclusive in-
teraction beyond traditional teleconferencing.

Desktop Interface: Remote Perspective

Alongside the in-person proxy device, we developed a Figma
mock-up of the remote user interface (Figure 3). This desk-
top interface mirrors familiar teleconferencing platforms like
Zoom to support first-time usability through external consis-
tency—featuring a bottom toolbar for mic/camera control and
modular participant tiles. Distinctive features that set Proxy-
Bridge apart from conventional platforms include:

e Whisper and Nudge buttons by each participant to match
the ProxyBridge device’s functionality. The speech bubble
shows what a Whisper message might look like to a remote
participant.

e Emotional Reactions, displayed in the corner of each par-
ticipant’s video feed. The system recognizes each user’s
emotional state based on their facial expression and asks
the user before sending emotional reactions. The user also
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Figure 2: Active meeting interface. Remote participants can
use whisper, nudge, and emotional reaction features to com-
municate subtle intent and expressivity without interrupting
the main conversation.
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Figure 3: Desktop interface for the remote participant. This
mock-up was created in Figma and features emotional reac-
tions, a speaking queue, a shared view, and the video feeds of
each participant with a Whisper and Nudge button.

has the option to turn off all emotional reactions using the
left button of the bottom toolbar.

e Speaking Queue on the top, showing the current speaker as
well as individuals who are waiting to speak.

e Shared View in the middle, where everyone can see a pre-
sentation or shared workspace. The red pointer shows
where the speaker is pointing.

The interface includes options to approve or disable emo-
tional reactions, addressing privacy concerns around sharing
affective data. By consistently seeking user consent and pro-
viding transparency, ProxyBridge fosters trust and helps users
feel more secure when sharing personal cues in meetings.

User Feedback Session 1: Focus Group

To evaluate the initial prototype, a remote focus group was
held with three HCI graduate students experienced in hybrid
collaboration. Recruited via university channels, participants
completed scripted tasks using the Figma prototype in a sim-
ulated meeting. Sessions were recorded, transcribed, and in-
ductively coded to identify usability, spatial mapping, and
communication challenges, which shaped later design itera-
tions.

Focus Group Findings

Spatial Orientation and Seat Claiming

Participants began by “claiming” a seat using a layout in-
spired by classroom/theater metaphors, which helped visu-
ally orient them; one noted it “helped organize the meeting.”
However, usability issues arose around distinguishing avail-
able seats, unclear claim status, and low text visibility. One
participant noted, “it wasn’t obvious which seats were taken,”
while another suggested, “claimed seats should be grayed
out more prominently.” In response, the interface was up-
dated with larger icons, clearer claim indicators, and higher-
contrast fonts to improve glanceability.

Expressivity and Emotional Cues

The meeting dashboard used emoji-style indicators to show
participants’ emotional states and engagement. While partic-
ipants appreciated the concept, they noted ambiguous iconog-
raphy and high cognitive load—e.g., “thinking” and “con-
fused” were hard to distinguish, and low-contrast colors
(e.g., green on green) reduced readability. These concerns
prompted revisions to icon design and color palette to im-
prove clarity and accessibility across environments.

Whisper and Gaze-Based Interactions

Participants reviewed storyboarded features such as whisper
interaction and gaze cues. Participants proposed haptic or au-
ditory choices since they found the flashing light bothersome
and “not discreet enough,” even if whispering was preferred
for facilitating private communication. Reactions to gaze-
based attention tracking were varied; some people thought it
was helpful, while others thought it was too intrusive,” com-
paring it to surveillance. These responses highlight the issues
of user comfort and embodiment in accessibility.



Implications for Design

The focus group highlighted the need to balance social pres-
ence with user boundaries. Participants valued features that
improved awareness and inclusion but stressed the impor-
tance of transparency and customization in attention and emo-
tion cues. Their feedback guided design updates in visual
hierarchy, discreet signaling, and ethical framing of embodi-
ment.

REFINEMENT OF PROTOTYPE

ProxyBridge Embodied Avatar Device

We produced a hardware prototype artifact, an embodied
computing device called the “ProxyBridge” (or affection-
ately, "The Orb”), to serve as the embodied representation
of remote meeting participants in the central meeting room
location.

Implementation

The main body of the device is a translucent, textured glass
orb. Our design had long called for a relatively small device
in a spherical or cylindrical shape; this allows us to have so-
cial cue indicators that can be signaled in 360°. The size of
the device makes it noticeable, but still portable. The translu-
cency of the orb allows the light from an embedded twelve-
segment LED ring to shine through, which is the primary
modality used to indicate various social cues and communi-
cation functions. The device also includes a haptic vibration
motor, adding audio and touch modality to select interactions.

An Arduino Uno microcontroller was used to control the elec-
tronic components of the prototype, which was programmed
with default behaviors, as well as the ability to trigger differ-
ent interaction sequences over a serial connection via USB.
The FastLED library [1] was utilized to program a series of
custom animation sequences in the C++ programming lan-
guage for the LED ring.

The first sequence is “moveToPosition”, which animates
three white LEDs from a current starting position to an end-
ing position sequentially along the radial path using a speci-
fied duration, intended to indicate the gaze direction in which
the remote participant is looking.

The second is a ”speaking” animation, which lights up the
entire orb in a moderate-luminosity green color to indicate
that they are currently speaking; the animation subtly pulses
or flickers to add a sense of vitality and to subtly increase the
prominence of the speaker.

The third is an “"upNext” animation, used to indicate that the
represented participant has indicated that they wish to speak,
and that they are the next up in the speaking queue; this
sequence animates one blue LED around in a loop reminis-
cent of a progress indicator, and after it concludes it segues
directly into the green “speaking” sequence while the user
speaks.

The fourth is a “receiveWhisper” sequence, this involves
three pulses of purple light over the span of one second on
the side of the orb facing the in-person participant, indicating
that they are receiving a direct whisper communication; each

Figure 4: ProxyBridge Device, seen glowing blue in a radial
animation during the "upNext” sequence.

pulse is accompanied by a haptic vibration to draw the atten-
tion of the in-person participant who is receiving the commu-
nication.

The fifth is the closely related “nudge” sequence, which is the
same as the whisper, but only a single pulse; this cue simply
indicates to the participant that somebody is trying to get their
attention.

Wizard of Oz Methods

For the purposes of the subsequent user interview sessions,
”Wizard of Oz” methods were used to simulate the actions
of the remote participant who was being represented by the
ProxyBridge device. While the device and its interactions
were high-fidelity and real, the system to gather the social
cues of the remote participants was simulated.

To represent the gaze social cue, a “wandering gaze” de-
fault sequence was implemented: this sequence triggered the
moveToPosition sequence, moving the gaze to a random new
position quickly or slowly (duration between a half-second
and five seconds), and then pausing in that new position for
between zero and ten seconds before triggering again.

To clarify the meaning of the gaze indicator, one portion of
the test has a video of remote participants’ whisper appear;
a custom animation sequence was programmed and initiated
at the start of this video to move the gaze indicator to pre-
defined positions that map to where she is looking over the
course of the pre-recorded video.

Each of the sequences, aside from the default wanderingGaze
sequence and the automatic segue between upNext and speak-
ing, were triggered from a command line on a connected lap-
top, sending that command over a serial connection to the
Arduino microcontroller and triggering the appropriate se-
quence in the test or demo.

ProxyBridge Device Interface: In-Person Perspective
Figma Updates



Following the first focus group, we implemented several mi-
nor revisions to the Figma-based prototype to address usabil-
ity concerns. These adjustments aimed to improve clarity,
accessibility, and overall user experience, particularly for re-
mote participants in hybrid meetings.

Enhanced Seat Claiming Interface

Because to the lack of iconography and low text contrast, par-
ticipants had trouble telling the difference between claimed
and open seats. Consequently, the following functionalities
were added to the seat claiming interface:

e Improved Visual Indicators: Claimed seats are now promi-
nently grayed out, and available seats are highlighted with
higher contrast colors to enhance visibility.

o Larger Icons and Labels: Seat icons and accompanying text
labels were enlarged to improve readability and ease of se-
lection.

o Clear Claim Status: Visual cues were added to clearly in-
dicate the claim status of each seat, reducing ambiguity.

Refined Emotional Reaction Emojis

The initial design used visual signals that resembled emojis
to represent the participants’ emotional states. Feedback indi-
cated that several emoticons were too similar to one another,
making them confusing. The following improvements were
made:

o Distinct Iconography: Emojis were redesigned to have
more distinct shapes and expressions, reducing visual sim-
ilarity between different emotional states.

e Accessible Color Palette: Colors were adjusted to ensure
sufficient contrast, making the emojis more distinguishable
for users with visual impairments.

iOS Application

A native i0OS (iPhone) application prototype was developed
using the Swift programming language and SwiftUI GUI
framework. The application is intended to visualize meeting
state and facilitate certain forms of interactivity. The device
running the app is mounted to the ProxyBridge device. It dis-
plays important meeting metadata such as the number of par-
ticipants and the queue of people who wish to speak. It pro-
vides the interface by which meeting attendees can easily au-
thenticate a device as their own during a meeting (Figure 5a),
this authentication enables spatial communication methods
and peer-to-peer communication via whispers and nudges.

When a device is representing a remote user, this user in-
terface is capable of optionally displaying a video stream,
and/or displaying the remote participants’ emotional state, fo-
cus level, and active/idle status, as seen in Figure 5b.

Interactive Desktop Interface: Remote Perspective

For the refined prototype of a remote user’s perspective, the
desktop interface for ProxyBridge was redesigned with inter-
activity and updated to reflect user feedback. When joining
the meeting in the desktop view, the remote participant has
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Figure 5: 10S application GUI

the benefit of seeing the spatial layout of the physical meet-
ing space as well as where their device is in the space, as
shown in Figure 6a.

The overall layout of the main screen, shown in Figure 6b,
remained the same from the initial prototype, but a few key
changes were made:

o Aesthetic Improvements: The visual design of the proto-
type was improved, which involved creating a consistent
color scheme and cleaning up the layout.

e Gaze Indicators: This interface incorporates arrows show-
ing the direction that each meeting attendee is currently
looking; the purple arrows are the gaze of remote partici-
pants, and the green arrows are the gaze of in-person par-
ticipants. This color difference is not essential information,
but it may serve as a reminder of who is in-person and who
is remote.

e Spatial Captioning: As shown under the two speakers on
the right side of Figure 6b, captions are shown directly un-
der the speaker. This design decision draws from previous
research indicating that this layout would be preferred by
some DHH individuals [16]. This could also reduce the
visual burden of glancing at captions at the bottom of the
screen for all users.

The gaze indicators and emotional reactions from other par-
ticipants provide a replacement for missing social cues. The
whisper and nudge features allow for one-on-one interactions
that remote participants often miss out on.
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Figure 6: Desktop User Interface
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The configurable settings for ProxyBridge are shown in Fig-
ure 7, including both privacy and accessibility settings. To
prioritize user consent and privacy, it was important to offer
control over both gaze and emotion because we found percep-
tions on these to be very individualized from user feedback;
participants often had different opinions about which infor-
mation was invasive to share, so the user has control over
both emotional reactions and gaze independently. The ac-
cessibility settings allow the user to set the text whisper as
default, display captions under each speaker instead of all at
the bottom, and activate a simplified view that removes fea-
tures that may distract or confuse some users, offering a more
familiar experience like Zoom. This simplified view could
be particularly helpful for those with cognitive disabilities or
individuals who are not tech-savvy.

User Feedback Session 2: Hands-On Interviews

For the second round of interviews, the priority was to gather
feedback on the first-use intuitiveness of the ProxyBridge sys-
tem. Our rationale for this was that a videoconferencing tool

should not have a large learning curve or add unnecessary
cognitive load because in a real meeting context, the user’s
main focus should be joining and engaging with the meeting.
Further, users often do not have time to test out teleconfer-
encing features before joining a meeting. The format of the
hands-on interviews followed this procedure, which was re-
peated for each major feature in the prototype: (1) Show a
feature of the prototype, such as the purple flashing light for
a Whisper notification. (2) Ask the user to guess the intended
functionality of the feature. (3) Probe the user’s mental model
of the device by asking follow-up questions. (4) Explain the
intended functionality and ask about intuitiveness, as well as
their opinions about the design decision.

We interviewed three different participants, all of whom were
between the ages of 18 and 24 and familiar with telecon-
ferencing software. Each interview took place in-person at
Wallace Library, and the interviews lasted between 30 and 60
minutes. One of the interviewees also participated in User
Feedback Session 1: Focus Group.

Interview Findings

During the test, we noticed that the participants initially had
difficulty understanding the device behavior, causing confu-
sion. Upon explaining the functionality, participants found
the system to be intuitive once they understood. On aver-
age, participants gave a rating of 3.67/5 for the overall ex-
perience interacting with the system, and 3.67/5 for the intu-
itiveness. Two participant commented on the learning curve,
and how the system becomes more intuitive with use. All
three participants agreed that the device improves the remote
attendee’s presence in the hybrid meeting setting, although
some concerns about the device being too loud or distracting
were raised. Participants also expressed concerns about their
privacy, requesting options to turn off their gaze indicator and
emotional status. Additional privacy concerns regarding so-
cial interactions, such as Nudge and Whisper requests being



too loud, were largely due to hardware limitations in the pro-
totype’s vibrations and lights.

DISCUSSION

Summary of Findings

The light indicators from the dome can successfully attract at-
tention, which would make it easier for the meeting attendees
to notice and respond. In addition, participants felt that Prox-
yBridge would increase remote engagement with the imple-
mentation of social interactions using the dome. Most of the
concerns were due to the privacy of certain features. All three
participants also asked for more a discrete notification for a
whisper request, such as reduced vibration and light intensity
to match the privacy level of the interaction. Participants also
agreed that both the gaze indicator and emotional status con-
tribute to in-person attendee interaction and involvement with
the remote attendee.

All participants found the dome design and the light signals
representing social interactions to be intuitive, but hard to
grasp initially. One participant has suggested giving users
more room to customize their device, as it helps meeting at-
tendees to identify people based on the appearance. The cus-
tomization includes idle color theme, pattern/logo and profile
picture.

Design Implications

The feedback from the second usability study provided addi-
tional insight for the prototype. The system needs to allow
user more control over what to display regarding their status,
specifically gaze indicator of the dome and status display for
the screen. Allowing users to freely turn on and off for these
two information, addressing the privacy concerns of the users.

Secondly is to enable customization of the physical device,
for users to personalize the appearance. Once they login
and claim a place the device will take on their personalized
appearance. This way it helps attendees to better identify
the users based on the device. And it has the advantage
of creating a more personable experience for the in-person
attendee, as they are not interacting with a plain electronic
dome. Throughout the user studies the participants have em-
phasized on the importance of anthropomorphic design, that
let the device become the physical avatar of the remote at-
tendee in the meeting space.

Future Work

Future work could focus on the impact of allowing the user
to personalize their ProxyBridge device to better distinguish
meeting attendees and make the devices more personable. It
would also be helpful add a better onboarding experience to
address the initial learning curve participants faced. To verify
the functionality of the system’s accessibility features, it is
crucial to conduct dedicated accessibility testing.

LIMITATIONS

While we initially gathered information from professionals
across industries, the sample pool of our usability studies is
limited to on-campus students at RIT. In addition, due to the

testing being scheduled near finals, we had difficulty recruit-
ing new participants, so we reused one participant for both
user feedback sessions.

Furthermore, this study is hindered by the limited time and
resources, leading to reduced building time. In the first itera-
tion there was no physical prototype, and we relied on a sto-
ryboard and Figma prototypes to convey the idea and goal of
ProxyBridge. Storyboards were also used to demonstrate the
interaction concepts to participants. The prototype also had
some malfunctions during the second usability study, causing
confusion and breaking immersion for the participants.

In addition, we only developed one working prototype, so the
study was solely relying on one prototype to convey different
functions and perspectives of the meeting. During the testing,
the participants were instructed to switch the roles of different
users mid-testing, which could be confusing and disruptive to
demonstrating the user flow.

CONCLUSION

Using today’s teleconferencing tools, remote attendees in hy-
brid meetings often find themselves overlooked and struggle
to remain engaged and included. To address this issue, we
introduce the ProxyBridge system, including both a physical
prototype and a suite of accompanying software. By embody-
ing remote participants with a virtual seat at the table, and
by incorporating the missing social cues normally present in
human interaction through multi-modal channels, we can re-
balance the social asymmetry that prevails today.

In multiple rounds of user feedback sessions, participants re-
sponded positively to the prototype, confirming the design
choices and the device’s ability to increase remote atten-
dees’ presence. However, there is room for improvement:
while participants eventually found the system intuitive, test-
ing suggests an initial learning curve and the need for an im-
proved onboarding experience. Features like Whisper and
Nudge were received positively, but participants agreed that
the notifications needed to be more private. Participants be-
lieved the devices would greatly improve remote meeting at-
tendees’ ability to be noticed in meetings. Significant dif-
ferences in privacy preferences verifies the design choice to
allow for granular customization of social cue channels and
features. Participants also suggested additional options for
customization and personalization, such as a color represent-
ing a certain person.

Overall, it is clear that the ProxyBridge system is a meaning-
ful step towards improving the hybrid meeting experience.
By emphasizing rich channels of social cues, proxemic and
spatial relationships, and accessibility, the system restores
much of the natural, rich human interaction that is too fre-
quently lost when communicating through technology.
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