Digital Proxemics as Measures of Social Interaction in Hybrid XR
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(a) Dyads of participants interact in XR
while co-located.
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(b) Co-located participants interact with
a remote participant.
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(c) All participants experience a shared virtual envi-
ronment.

Figure 1: Overview of the experimental setups: co-located XR (all participants in the same room), hybrid XR (co-located
participants interacting with a remote partner), and fully shared virtual environment.

Abstract

Hybrid meetings are the new reality, yet they lack the richness
of face-to-face interaction. In shared spaces, virtual or physical,
interaction relies on more than words: proximity, non-verbal cues,
and subtle movements all shape communication. Proximity cap-
tures how close we stand, where we face, and how we move around
others. This paper investigates how proxemics in dyad and triad
conversations translate across physical and virtual contexts. We
conducted a study with 24 participants in four groups, complet-
ing social tasks under four conditions: face-to-face, co-located XR,
remote XR, and hybrid XR. Our instrumentation of physical and
virtual environments enables direct comparison. The work con-
tributes a rich open dataset of 2.3 million rows across 32 columns,
supporting comparative and replicable analysis. This is the first
study to compare proxemics across face-to-face, co-located XR, re-
mote XR, and hybrid XR, offering a foundation for understanding
how social space translates across contexts.
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1 Introduction

Why are hybrid meetings still so hard? Despite the development of
equal participation practices and social norms, they often end in
frustration. The familiar hybrid format, which combines co-location
with video-conferencing, creates unequal opportunities for contri-
bution, blocks social cues, and disrupts the flow due to latency
and communication breakdowns. Key social signals, such as prox-
imity [20], orientation, and attention [25], are readily available
face-to-face but are limited or unavailable remotely [53]. While re-
mote or co-located interactions are experienced uniformly between
participants, hybrid interactions can create unequal experiences.
eXtended-Reality (XR) has the potential to create more uniform ex-
periences between co-located and remote participants by providing
everyone with the same affordances to perceive and perform social
signals, and access to the same spaces and interactive capabilities.
By XR, we refer to the full range of immersive experiences across
the Reality-Virtuality Continuum [32].

Prior research shows that proxemic behaviours, how people use
space in relation to one another, play a key role in face-to-face
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communication PQ. Studies have demonstrated that proxemic
behaviours are also important in virtual environments, for exam-
ple, in maintaining personal space [3, 57], interacting with virtual
agents B{, and using proxemic zones within larg&f and small
groups B9 64. Proxemic behaviours in virtual environments have
also been compared to face-to-face interactio®§[but key gaps
remain in how we understand proxemics in hybrid XR settings. Ad-
ditionally, prior work has explored how dyads or triads intera®d3,
but not how these highly cohesive small group interactions unfold
when part of a larger group and a busier shared virtual environment.
More ne-grained analysis of proxemics in dyads and triads across
face-to-face and XR conditions is needed to better understand how
these interactions translate into immersive environments.

In this short paper, we explore how proxemic behaviours in dyads
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[16. Whyte situates proxemics in urban design, showing how fac-
tors such as seating, sun, wind, and noise in uence gathering pat-
terns, with e ective capacity often di ering from physical capacity
[56].

At its core, personal space can be understood as a exible protec-
tive zone maintained around oneself in real-life situations, shaping
how people navigate social environments|[In triadic encounters,
these spatial arrangements become especially salient, as partici-
pants intuitively adjust positions to maintain balance and mutual
engagement [24].

Our work builds on proxemic ethnography, which shows how
non-verbal spatial cues shape comfort, intent, and perceptions of
closeness, often outweighing verbal content in signalling attitudes
and group dynamics, 24. In virtual environments, spatial lay-

and triads translate across face-to-face (shared physical space), co-out provides a powerful yet underutilised communication channel.
located XR (shared physical space, shared virtual space), remoteHowever, many cues, such as scent, rich haptics, and natural audio,

XR (distributed physical space, shared virtual space), and hybrid
XR (mix of shared and distributed physical space, shared virtual
space). We conducted a controlled study (N=24) of dyadic and tri-

are absent or altered4d. At the same time, VR enables deliberate
manipulation of proxemic signals, o ering both opportunities and
risks. How these cues function in hybrid contexts, where co-located

adic interactions across face-to-face, co-located XR, remote XR and and remote participants interact together, remains an open question

hybrid XR conditions. Participants engaged in structured social
tasks while proxemic and conversational behaviours were captured
in both physical and virtual spaces, as shown in Figure 1. The re-
sulting dataset, consisting of 22 million rows of raw data, provides
a new baseline for understanding proxemic cues in dyad and triad
social interactions across realities. This paper makes the following
contributions:

A novel dataset comparing dyads and triads interacting
across face-to-face, co-located XR, remote XR and hybrid XR
conditions, with rich opportunities for secondary analysis.
Proxemic analysis of dyad and triad interactions across co-
located XR, hybrid XR, and remote XR compared with a face
to face baseline demonstrating stability of proxemics across
these conditions.

2 Related Work

2.1 Proxemics in Physical Spaces

Proxemics, introduced by Halbf), examines how people use in-
terpersonal distance in social interaction, identifying four zones:
intimate (0 0.46m), personal (0.46 1.2m), social (1.2 3.7m), and

that motivates our study.

2.2 Proxemics in Social XR

Digital proxemics P8 60 is a distinct research area concerned with
how social signals and interpersonal distance translate into virtual
environments. Early work highlighted the role of embodiment and
avatar a ordances in structuring social interaction, showing that
even limited cues for posture, gesture, or orientation can support
turn-taking and shared focus [4, 6, 19].

Research on proxemics in XR has primarily examined whether
avatar-to-avatar interaction replicates the physiological and be-
havioural responses observed in face-to-face encount8rHarly
studies con rmed that virtual spaces can elicit real-world proxemic
reactions. For example, Wilcox et al. demonstrated that life-sized
stereoscopic images of people presented at 0.5 m caused marked
discomfort and physiological arousal equivalent to that induced by
a live human approachingd7]. Similarly, experiments employing
skin conductance responses (SCRs) have shown heightened arousal
when virtual characters violated personal space boundar&d. [
Follow-up studies using stereoscopic projection and head-mounted
displays further demonstrated that proxemic violations in XR envi-
ronments elicit avoidance behaviours and discomf&7]} Together,
these results demonstrate that proxemics in XR are not merely sym-

public (3.7 7.6m). These zones, shaped by multiple senses from bolic but embodied: virtual close talkers are perceived as aversive

micro-expressions to auditory clarity and touch, regulate comfort
and engagement]. Hall's work, together with Kendon's studies
of synchrony R3 and F-formations P4, provides a framework for
analysing interactional quality. Synchrony highlights how people
coordinate movement for focus, turn-taking, and engagement, while

in much the same way as real ones.

Immersive environments also a ord unique opportunities to
investigate proxemics, since agents can be designed to behave in
ways that deviate from human norms. Building on this foundation,
Nassiri et al. B found that personal space is preserved in col-

F-formations describe how bodies align to create shared spaces,laborative virtual environments (CVESs), with users maintaining
especially critical in triads, where balance and equal access must real-world interpersonal distances when interacting with others.

be negotiated.
Go man extends proxemic theory by examining how attention
and participation are organized in co-present encounters, distin-

Importantly, subsequent research has shown di erences between
co-located and remote participants: co-located users often report
stronger co-presence and fewer interpersonal collisions than their

guishing between unfocused (casual co-presence) and focused (goaldistributed counterparts39. Co-presence, de ned as the subject

oriented) interactions shaped by implicit and explicit boundaries

sense of being there together in a shared environment, remains
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