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Figure 1: When someone is using VR, it can be difficult for a bystander to get their attention because (a) physical touch between
strangers may be uncomfortable or (b) static interruption interfaces such as doorbells assume that bystanders are aware of them.
(c) Proactive proxies, such as mobile robots with an interruption interface on them, however, may facilitate easier interruptions,
even for uninformed bystanders.

Abstract
As VR expands into public spaces, new challenges emerge around
spontaneous interactions between bystanders and unfamiliar VR
users. While current VR systems often prioritize user awareness
of their physical surroundings, they overlook the social dynamics
affecting nearby bystanders. We conducted a deception-based study
(N=80) examining how interface availability influences bystanders’
comfort, confidence, and hesitation when interrupting VR users. We
compared traditional static interruption interfaces (e.g., button on
screen) with a proactive proxy that actively approached bystanders
upon detecting interruption intent. Static interfaces, due to insuffi-
cient cueing, frequently caused bystander discomfort, leading to
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hesitant physical interruptions or complete communication avoid-
ance. In contrast, the proactive proxy implicitly conveyed social
permission, significantly enhancing bystanders’ comfort and confi-
dence. Our findings provide empirical insights into how bystanders
assess availability and initiate interruptions with unfamiliar VR
users in shared spaces, offering design implications for VR systems
that support bystander agency and comfort during these interac-
tions.
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1 Introduction
Human interruptions in shared spaces are inevitable - whether it is
asking a colleague for their input on a shared project [80] or asking
a fellow passenger to move [81]. In these moments, gaining some-
one’s attention is essential. However, interruptions become more
challenging when individuals are deeply immersed in activities that
render their primary communication channels unavailable (e.g.,
listening to music occupies their hearing, reading occupies their
vision, etc.). In such cases, secondary communication channels like
peripheral vision and ambient awareness serve as subtle cues for
initiating interaction.

When individuals are immersed in virtual reality (VR), this dy-
namic becomes especially complex because their audiovisual im-
mersion effectively limits the secondary use of these primary com-
munication channels [19, 28, 40, 53]. Several alternative modalities
have thus been proposed to manage interruptions in VR [50]. Mod-
ern VR headsets, such as the Meta Quest and Apple Vision Pro,
incorporate open-ear audio technology that enables users to hear
verbal interactions. However, this technology can reduce immersion
and may not align with all users’ preferences [50]. Additionally,
such technology can be problematic in shared spaces, as sound
leakage can disturb nearby individuals and make VR users self-
conscious about audio spillover [50, 63]. Users already seek full
auditory isolation when completing focused work in public envi-
ronments by using noise-canceling headphones [46, 55], and as
portable VR headsets become productivity tools, extending this
need for isolation to the visual domain is a natural progression.
Both the Apple Vision Pro and Meta Quest now include dedicated
travel modes for use on airplanes and trains [4, 41], explicitly sup-
porting fully immersive use in shared spaces. Moreover, airlines
have also begun providing VR headsets to passengers as part of
in-flight entertainment services [16], while academic and public
libraries increasingly offer VR headset lending programs and dedi-
cated VR spaces [2, 34]. These developments signal that encounters
between unfamiliar individuals (i.e., one immersed in VR and the
other needing to interrupt them) will become increasingly common.
Critically, because bystander awareness features within headsets
remain user-controlled, bystanders have no guaranteed means of
initiating contact when VR users opt for full immersion. Touch,
while potentially the most direct way to interrupt a VR user, is
often socially inappropriate in public settings, where interactions
among strangers are governed by implicit boundaries [50, 53]. As
VR headsets transition beyond private environments into shared
spaces where bystanders may need to interrupt VR users, devel-
oping socially appropriate and effective interruption mechanisms
becomes increasingly critical [1, 14, 62, 72, 81].

One approach to this challenge has been to enhance VR users’
awareness of their surroundings. Previous work has explored em-
bedding awareness systems within VR headsets to help users avoid
physical accidents and maintain spatial boundaries [22, 40, 42, 49,
51, 53, 58, 73, 84]. Such systems, however, cannot adequately repli-
cate the dynamics of face-to-face interruptions and the subtle social

cues that initiators (i.e., bystanders) carefully weigh when deter-
mining whether an interruption is appropriate [44]. By shifting
control from initiators to VR users, awareness systems invert the
natural negotiation process that governs interpersonal interrup-
tions. Beyond immersion trade-offs and the risk of information
overload in public spaces, embedded awareness systems may also
prematurely redirect a VR user’s attention to bystanders, triggering
unwanted face engagements [20]. Although awareness systems can
dynamically adjust how they deliver information by withholding
alerts until a verbal interaction is attempted [52], such techniques
overlook how bystanders assume others’ unavailability and make
decisions not to engage [76, 80]. In crowded public spaces, VR users
may even disable these systems to avoid constant notifications
about nearby bystanders, especially when they do not anticipate
needing to interact with others.

Although limited, prior work has explored bystander-initiated in-
terruption interfaces, such as the HTC’s Knock Knock feature [71]
and a physical doorbell peripheral [81], which offer explicit mech-
anisms for bystanders to attract a VR users’ attention. However,
these interfaces typically assume that bystanders are aware of their
existence, limiting their effectiveness in public spaces where in-
terruptions are often spontaneous and involve unacquainted indi-
viduals. While interruptions between acquaintances may be more
frequent, stranger-to-stranger interactions represent the most chal-
lenging case due to the absence of established social rapport and the
heightened psychological cost of initiating contact [12]. Solutions
effective in such demanding contexts are also likely to generalize to
less demanding scenarios. While prior research underscored the im-
portance of observing spontaneous interactions between unfamiliar
individuals [50], little is known about how such encounters unfold
when unacquainted VR users share physical spaces. Yet, insights
into these dynamics are essential for designing VR headsets that
integrate more seamlessly into public environments. In this work,
we investigate how bystanders naturally navigate spontaneous
interactions with unfamiliar VR users in shared environments.

As studying such unplanned encounters at scale is challenging
due to their situational constraints, we conducted a deception-based
study that recreated these constraints in a controlled setting. Un-
like prior work that relied on solicited interruptions [17, 23, 50],
acquainted participants [50, 53], or anecdotal reports [53], our study
placed 80 unsuspecting bystanders in scenarios requiring urgent
interaction with an unfamiliar VR user in a shared space. Our
study had two interruption interface conditions. The baseline con-
dition, experienced by 40 participants, used a typical desktop VR
setup with a static interruption interface (e.g., doorbell peripheral).
For the second condition, we hypothesized that explicitly visible,
bystander-initiated interfaces could improve interruption expe-
riences. Inspired by public display research [27, 30], we created
a robot-based interruption interface, i.e., a proactive proxy that
served as a design probe to examine whether explicit interface
discoverability impacted bystander experiences. This deliberately
extreme intervention was intended to isolate the effect of proactive
presentation on bystander comfort and behavior. This condition
was experienced by an additional 40 participants.

During our study, we found that, similar to public kiosk re-
search [30], the participants who encountered the baseline con-
dition suffered from the first-click problem [30], where they failed
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to notice or use the static interface. In contrast, the participants
who encountered the proactive proxy reported increased comfort
and engagement. While participants preferred mediated interaction
over direct interruption, the static interface was largely ignored.
These findings underscore the importance of interface visibility
and design in shared VR spaces, offering actionable insights for
future VR headset development that better supports both users and
bystanders.

This research contributes:
(1) Empirical evidence that bystanders feel significant discom-

fort during spontaneous interactions with unfamiliar VR
users in shared spaces, with key insights revealing how
physical boundaries, perceived safety, and social dynamics
influence their interruption behaviors.

(2) Identification of key limitations in existing static interrup-
tion interfaces, showing how privacy concerns and low situ-
ational awareness hinder their discoverability and usability
during spontaneous interactions.

(3) Design implications for bystander-aware VR interfaces that
support comfortable and effective spontaneous interactions,
emphasizing the need to explicitly integrate bystander per-
spectives into VR system design.

2 Related Work
Human interruptions are complex social behaviors that rely on
various cues and coordinated actions between participants [10, 39,
57]. People engage in communication acts that go beyond verbal
exchanges, incorporating subtle nonverbal elements such as body
movements, physical proximity, and spatial orientation [57, 61]. For
example, an airplane passenger leaning forward may suggest they
wish to leave their seat [81]. In VR, however, these social cues are
lost, as users’ visual and auditory attention is absorbed by head-
mounted displays. Their absence can worsen the psychological cost
of interruption, as bystanders must weigh their need to interrupt
against the risk of disrupting another person’s ongoing task [12, 44,
61]. This may hint at why bystanders would hesitate to disrupt a
user’s immersion, choosing instead to delay or avoid interruption,
as observed in some VR studies [17, 50].

2.1 System Approaches to Supporting
Interruptions in VR

Prior research on the social acceptability of VR underscored the
importance of supporting communication between the virtual and
physical worlds [14, 81]. Much of this work has focused on aware-
ness systems designed to alert VR users to nearby bystanders, using
visualizations [18, 22, 37, 40, 42, 49, 53, 58, 73, 84] or incorporat-
ing external sounds into the VR environment [49, 51]. For exam-
ple, Apple Vision Pro includes a feature called EyeSight, which
enables partial pass-through to visualize bystanders during inter-
ruptions [3]. While effective at increasing awareness, these systems
introduce a trade-off between maintaining immersion and provid-
ing sufficient awareness of the physical environment [52], as visual
representations of bystanders can disrupt immersion [40] and in-
crease cognitive load [56], while subtle notifications risk being
overlooked [58]. Moreover, by shifting control from bystanders
to VR users, awareness systems invert the natural negotiation of

interruptions, sometimes preemptively triggering interactions that
undermine bystander agency [17].

Beyond user-focused awareness, several systems have been de-
veloped to give bystanders explicit tools to attract attention, such
as the HTC Vive’s Knock Knock [71] or doorbell-like peripher-
als [68, 81, 84]. These approaches, however, often assume that by-
standers possess prior knowledge of how to operate such interfaces
or interpret the signals presented by VR users. O’Hagan et al. iden-
tified a similar challenge when survey participants were asked to
evaluate different interruption interfaces [50].

Taken together, existing systems either compromise immersion
(awareness-focused) or rely on bystander knowledge (bystander-
initiated), leaving a gap in designs that balance immersion with
bystander agency. This motivates further research into approaches
that explicitly consider the needs of both VR users and nearby
bystanders.

2.2 Empirical Understandings of VR
Interruptions

While technical systems provide mechanisms for supporting in-
terruptions in VR, less is known about how interruptions actually
unfold in real social contexts. Some studies have investigated com-
munication approaches between VR users and bystanders, such as
sending notifications to VR users [58] or visualizing a bystander’s
avatar [35]. However, these have largely examined the VR user’s
perspective, while bystanders’ experiences remain less understood.
Many studies simulate interruptions by instructing confederates
to act as bystanders or by prompting participants to respond to
scripted events [17, 50]. These designs limit realism by constraining
the spontaneity and uncertainty that characterize actual interrup-
tions.

Another limitation is that most prior work has focused on ac-
quainted pairs or solicited interruptions, where the bystander is
known to the VR user or expected by design [17, 50]. In some stud-
ies, interruptions were explicitly elicited by participants who were
aware of their role in the study [17, 58]. This awareness likely di-
minished the urgency and realism of the interruption scenarios,
potentially obscuring the dynamic and context-sensitive factors
that influence bystander behavior. Moreover, when bystanders were
acquaintances of the VR user or expected by design, the psycholog-
ical cost of interruption was reduced, overlooking how unfamiliar
bystanders negotiate entry into an ongoing immersive experience.
With the rapid development of VR technology, users increasingly
wear headsets in public environments, where bystanders may be
unfamiliar with them [81]. It is therefore crucial to understand how
bystanders attempt to communicate with VR users they do not
know. Studies that do consider the public use of VR and interac-
tions between strangers often rely on anecdotal evidence gathered
from VR users via surveys [50, 53] or through simulated scenar-
ios [14, 62, 72]. While these provide useful perceptions, they cannot
capture how people act in urgent or high-stakes situations.

As a result, our understanding of how interruptions involving
strangers unfold and how they impact bystanders in public VR
settings remains limited. This gap motivated the design of our study,
which uses a deception-based methodology to observe authentic,
stranger-to-stranger interruptions in situ, without the constraints
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of prior assumptions about the bystanders’ knowledge or their
relationship with the VR user.

2.3 Robot-Mediated Interactions
Inspired by research on public displays that use explicit presence
to attract attention and support interaction [27, 30], we consider
how robots can serve as proactive proxies for bystanders in VR
interruption scenarios.

Due to their decreasing cost and increasing accessibility [82],
robots have been deployed in a variety of public service roles
across spaces such as shopping malls [7, 21, 31], academic con-
ferences [25, 45], airports [69], supermarkets [8, 77], and company
workspaces [33]. While interacting with robots in these settings
has become increasingly socially acceptable [9, 70, 78], concerns
remain about the interruptibility of such robots, particularly how
and when humans can appropriately engage with them [47, 54, 59].

Prior research has examined interruptions from two primary
perspectives: robots interrupting bystanders [9, 54], and bystanders
interrupting robots [47, 59]. However, this leaves a gap in under-
standing a third possibility, i.e., a bystander using a robot as a proxy
to interrupt another person in a public space. This third scenario is
the focus of the present research, as service robots possess inherent
affordances that make them highly noticeable to bystanders. For
example, because human vision is acutely sensitive to even subtle
environmental movements [25], any motion generated by a service
robot tends to stand out in its surroundings. Moreover, motion has
been shown to enable robots to convey emotions and intentions
through non-verbal cues [25, 38, 61].

Despite the widespread use of robots in public spaces, their ap-
plication in VR has primarily focused on enhancing user immersion
through haptic environments [65, 66, 74, 75]. Some research has
also explored the use of embodied robots for social interaction
within VR [29]. In our work, we bridge these two lines of research
(i.e., service robots in public spaces and robots in VR environments),
by introducing the proactive proxy, a service robot designed to fa-
cilitate external communication with VR users. By leveraging the
robot’s inherent ability to attract attention, we extend its role to
support more effective and intuitive interactions between VR users
and bystanders.

3 Deception Study
To elicit natural reactions during spontaneous interactions with a
VR user, participants were kept unaware of the study’s true pur-
pose until the session concluded. We employed a deception-based
methodology, initially presenting the study as an investigation into
cognitive and physical load during math problem-solving. Mean-
while, we covertly engineered a social situation in which the by-
stander (i.e., the participant) was prompted to engage with a VR
user (i.e., an experimenter) via either a traditional static interrup-
tion interface or a proactive interface that explicitly presented itself.
The study design ensured that (i) the bystander and VR user were
complete strangers, (ii) the bystander experienced a sense of ur-
gency to initiate interaction, and (iii) the bystander had no prior
knowledge of the available interruption methods.

Based on our study design and findings from prior work, we
hypothesized that:

H1: Bystanders will experience significant discomfort when
initiating spontaneous interactions with unfamiliar VR users in
shared spaces, which will manifest as hesitation or the complete
avoidance of interruption behaviors.

H2: Traditional static interruption interfaces, even when clearly
visible and logically positioned, will not effectively attract bystanders’
attention during spontaneous interaction, resulting in significantly
lower usage compared to proactive interfaces.

H3: Proactively presenting interruption interfaces will signif-
icantly reduce bystander discomfort and hesitation, thereby in-
creasing both the likelihood and perceived quality of spontaneous
interactions with unfamiliar VR users in shared spaces.

3.1 Participants
Eighty participants (40 female, 40 male; 𝑀𝑒𝑎𝑛 = 22 years, 𝑆𝐷 = 3
years; 𝑅𝑎𝑛𝑔𝑒 = 18 - 30 years) were recruited to serve as bystanders
during our study. They were recruited via university mailing lists
and word of mouth. As a result, the study population primarily
consisted of culturally and geographically diverse undergraduate
and graduate students enrolled at a North American university.
To balance the gender distribution across study configurations, an
equal number of male and female participants1 were recruited. The
recruitment text did not mention VR interaction or the interruption
of strangers. Instead, it informed potential participants that the
study aimed to “examine the physical and cognitive load of users
while they performed various tasks”.

Fifty-one participants had never used VR, 18 had used it occasion-
ally, 9 used it sometimes, and 2 used it often. Fifty-nine participants
had never interacted with people using VR, 16 had done so occasion-
ally, and 5 had done so sometimes. The study took approximately
15 minutes to complete, and each participant received a $5 USD gift
card as an honorarium for their time.

3.2 Experimental Design and Interruption
Interfaces

The study used a 2 × 2 between-subjects factorial design, manipu-
lating two factors: interface condition and VR task.

In the baseline interface condition, a Google Pixel 3a mobile
phone was mounted in a 3D-printed shell and acted like a doorbell.
The phone ran an Android application with a high-contrast button
labeled “Tap Here To Seek VR User’s Attention”, which sent notifi-
cations like “Someone is on your left!” to the VR user. The static
interface was positioned on a desk adjacent to the monitor display-
ing the VR user’s activity (Figure 1b; Appendix C), ensuring it was
visible from the participant’s seated position in the study space
throughout the session. This placement was chosen as the monitor
displayed the real-time VR content and thus served as a natural
point of visual interest. The location provided sufficient clearance
for participants to approach and use the interface without entering
the VR user’s movement volume. While positioning the interface
directly in front of the VR user could have been an alternative,
as the VR user’s orientation could shift during VR activities, their
movements could have occluded the interface or made it unsafe for
participants to approach.

1All participants self-identified their gender.
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In the proactive interface condition, a proactive proxy interface
anticipated the bystander’s intent to interrupt and offered rele-
vant interruption options. This interface featured a Google Pixel
3a housed in a 3D-printed shell mounted atop a custom-built robot
(Figure 1c; Appendix C). The robot, resembling a teleconferencing
device, stood 100 cm tall and was built from T-slotted extruded
aluminum. A Raspberry Pi 4 controlled two Sparkfun dual motor
drivers (i.e., TB6612FNG), which powered four 65 × 25 millimeter
wheels via Adafruit DC motors (i.e., ID: 3777). The robot was oper-
ated using a Wizard-of-Oz approach by one of the experimenters
(i.e., the wizard) to ensure reliable interception of participants’ com-
munication cues and consistent robot behavior across trials. The
wizard monitored the study session through a webcam and con-
trolled the robot’s movement via a Flask-based web interface. The
wizard initiated robot movement as soon as a participant explicitly
expressed intent to communicate with the VR user, either by ap-
proaching the VR user and speaking to them or by calling out to
them from a distance. The robot’s starting position was identical to
the location of the static interface in the baseline condition, and its
height (100 cm) matched the height at which the static interface was
positioned, ensuring equivalent initial visibility across conditions.
The robot traveled in a straight path toward the participant at a
slow walking pace (approximately 0.3–0.5 m/s) and stopped at a
distance of 40–60 cm from the participant [48]. Both the speed and
stopping distance were chosen to minimize the risk of startling
participants or causing accidental collisions. Upon stopping, the
robot played a brief notification sound (i.e., beep) to signal that it
had completed its movement and was ready for interaction.

As a control, during both interface conditions, the HTC Knock
Knock interface was displayed on the monitor connected to the
HTC Vive Pro that the experimenter was wearing. This interface
could also be used by participants if they desired.

Following O’Hagan et al. [50], the study included two VR appli-
cations to reflect real-world diversity in user engagement: i.e., an
active task and a passive task. The active task involved playing Open
Saber VR [13], an open-source clone of Beat Saber, where the VR
user stood and used full-body movements to slash through incom-
ing beats synchronized to music. In the passive task, the VR user
remained seated and watched a music video using a customized
music video player, employing minimal body movements to simu-
late navigation within the virtual environment. Both applications
were audio-intensive and delivered sound through the HTC Vive
Pro headset’s integrated headphones, effectively isolating the VR
user from external auditory stimuli.

Each interface condition was tested 40 times (i.e., 20 with the
active VR task and 20 with the passive VR task) to ensure balanced
representation across both VR task types.

3.3 Procedure
The study took place in a lab divided into two main areas: a study
space, where the participant completed math problems on a com-
puter, and a semi-public shared space, where a VR user engaged
in a VR activity. Executing the deception required distinct exper-
imenter roles and a sequence of phases, detailed in the following
subsections.

3.3.1 Experimenter Roles. The study required three experimenters,
each assuming a specific role during the session (Figure 2a).

Host: The host conducted the study and was the only experi-
menter that the participant recognized as part of the research team.

VR User: The VR user played a VR game or watched a VR video
while wearing an HTC Vive Pro headset. Participants perceived this
person as a fellow occupant of the shared space, not as someone
affiliated with the study.

Wizard: The wizard operated behind the scenes, remotely moni-
toring the session via a Flask-based web interface that linked the VR
applications, interruption interfaces, participant computer, and a
web camera overlooking the study and shared spaces. Through this
interface, the wizard could control the robot, trigger a lockout of the
participant’s computer using a C# script, and monitor safety in case
of accidental physical contact between the participant and VR user
(e.g., an unintended arm swing). No such incidents occurred during
the study. The wizard remained hidden and was never introduced
to participants.

3.3.2 Study Phases. The deception study progressed through four
sequential phases, as illustrated in Figure 2b.

Phase 1: Introduction. The host welcomed the participant and
invited them to sit in the study space. After sitting, the partici-
pant was given a consent form to read and sign and the host then
explained that the study involved solving math problems for 15
minutes on the computer in front of the participant. When the par-
ticipant was ready, a timer was started and the participant began
the task.

Phase 2: Deception. During this phase, the participant quickly
completed basic math problems on the computer. After solving
math problems (approximately two minutes), the host informed
the participant they needed to step out for an urgent matter. The
host instructed the participant to continue working until the 15-
minute session ended and assured them they would return within
five minutes. Before leaving, the host pointed out an individual
in the shared space and advised the participant to seek help from
them if needed. Unbeknownst to the participant, this individual
was another experimenter playing the role of a VR user. To avoid
raising suspicion or prompting questions about interacting with
someone in VR, the VR user was not yet wearing the VR headset.
The VR user made eye contact with the participant and offered
a friendly gesture such as a wave, smile, or nod, to signal their
availability as a potential source of help.

Phase 3: Interruption. After the host left, the VR user put on
the headset and began engaging with a VR game or video. The
audio was loud enough to leak from the headset, making their
activity audible to the participant. Once the VR session began, the
wizard remotely locked the participant out of the study computer,
prompting them to seek help from the VR user. During this time,
participants had full autonomy: they could choose to interrupt
the VR user, wait for the host to come back, or leave the study
space. The session ended when the participant (i) interrupted the
VR user, (ii) left the space, or (iii) waited more than two minutes
(thus indicating a reluctance to interrupt).

Phase 4: Survey/Debriefing. After the study, participants com-
pleted a demographic and experiential survey (Appendix A) con-
sisting of 8 Likert-scale items, 4 closed-ended questions, and 10
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Figure 2: (a) The study was conducted within a room that was partitioned into three distinct spaces: a study space, where the
participant was seated and completed math problems on a computer; a shared space, where a VR user engaged in a VR activity
and interruption interfaces were available; and a wizard area, which was inaccessible to both the participant and VR user. (b)
The experiment involved four phases: (1) the host exited the room, (2) the VR user began one of the two VR applications, (3) the
wizard remotely locked the participant’s computer after two minutes, and (4) the participant was compelled to seek assistance
from the VR user.

open-ended questions about their experience interrupting the VR
user. Although each participant had the opportunity to interact with
only one interface (i.e., static or proactive proxy) due to the between-
subjects design, the survey included video clips demonstrating both
interfaces, as well as a third method: physically tapping the VR
user on the shoulder. In each clip, the VR user engaged with the
same application that participants had encountered in their study,
encouraging them to reflect on their own experience. Participants
then selected their preferred interruption method, first assuming
the VR user was a stranger (as in the study), and then assuming
they knew the user. Finally, the host debriefed participants on the
true purpose of the study. Because deception was involved, partic-
ipants were then asked to re-consent to the use of their data. No
participants declined consent, so all data was retained.

3.3.3 Additional Considerations. To account for the complexity of
ad-hoc interactions, we additionally controlled for key variables
including social dynamics, technical familiarity, and situational
context. For example, the VR user and bystander were strangers,
the bystander had no prior knowledge of the interruption inter-
faces, and the urgency to interrupt emerged organically rather than
through direct prompting. Additional controls were also imple-
mented to minimize confounding variables. To account for gender
dynamics, we balanced the genders of the bystander and VR user
across conditions by rotating the VR user role among three experi-
menters (i.e., two male, one female).

Since the study took place on a university campus, some partici-
pants were familiar with certain experimenters. In these cases, we
assigned the VR user role to maintain unfamiliarity between the
participant and the VR user. To minimize external influence, only
the experimenters and participant were present during the study.
Although the lab was a semi-public space, access was restricted

to avoid the confounding effects of additional bystanders, which
could complicate interaction dynamics and the data analysis.

3.4 Analysis
To analyze bystanders’ experiences during spontaneous interac-
tions with unfamiliar VR users across the two interface conditions,
a mixed methods approach was used.

3.4.1 Quantitative Analysis. Video recordings from all 80 partic-
ipants were divided among four researchers, who analyzed them
to extract the study outcomes. Because participants received no
explicit instructions on how to interrupt the VR user, participants
employed a range of interruption strategies, some extending be-
yond the provided interruption interface. Researchers thus tagged
each video recording with its interruption outcome, noting whether
the VR user was interrupted and, if so, what interruption strategy
was used. Given participants’ autonomy in choosing how to act,
certain interruption strategies could occur unevenly across condi-
tions or not at all, rendering traditional condition-based statistical
comparisons potentially uninformative. We therefore adopted an
observation-driven analytical approach, first establishing which
strategies emerged across conditions before structuring subsequent
analyses around these observed behaviors.

Interruption time was calculated as the interval between the
participant noticing the computer lockout and them successfully
gaining the VR user’s attention (or the experiment timing out due
to their inaction or them leaving the study room). Responses to
Likert-scale items were analyzed to assess participants’ interrup-
tion experience, i.e., perceived difficulty, discomfort, and confidence
while interrupting, and perceptions of the interruption interface
if used to interrupt the VR user. We also examined participants’
preferred interruption strategy for different bystander interruption
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interfaces across the different VR tasks, considering both acquainted
and unacquainted VR users.

While VR task (active vs. passive) was included to represent a
range of typical VR usage scenarios, a preliminary analysis revealed
no significant main effects of VR task or interactions with interface
condition on interruption strategy distribution (log-linear analysis:
all p > 0.65), interruption timing (Mann–Whitney U tests: all p >
0.05), or interruption-experience measures (2 × 2 ART ANOVAs: all
p > 0.05). The only exception was a significant effect of VR task on
preferred interruption interface for acquainted users; we report this
result in Section 4.1.4. Because VR tasks did not meaningfully influ-
ence any of the behavioral or experiential outcomes, and to simplify
the presentation of results and focus on our primary comparison
between interface conditions, we aggregated across VR tasks in all
subsequent analyses. Full condition- and task-level breakdowns are
available in Appendix B.

3.4.2 Qualitative Analysis. To understand bystanders’ experiences
during spontaneous interactions with unfamiliar VR users, we con-
ducted a thematic analysis of the responses to the 10 open-ended
survey questions [5, 6]. A total of 531 responses were compiled into
a spreadsheet, with columns representing each question and rows
corresponding to individual participants. Three researchers inde-
pendently reviewed an initial subset of 20% of these responses, using
open-coding, loosely following Saldaña’s first-cycle approach [60].
Through iterative discussions, the entire research team refined these
initial codes into a codebook containing 12 codes. The codebook
was then used to code the remaining responses. After individual
coding was complete, the three researchers reconvened to review
the data, cluster related concepts, and refine the codes into the
final themes presented below. As our thematic analysis utilized all
participant responses, the themes reflected experiences reported by
participants in both VR tasks. For transparency, we indicate each
participant’s study configuration when presenting quotations.

4 Results
While our study took place in a shared lab space, the experimental
design effectively recreated the urgency and realism of real-world
interruptions. This was reflected in post-debriefing comments such
as "the only thought in my mind was to get the VR user’s attention
quickly since I was supposed to finish these math questions quickly"
(P20, Condition: Baseline/Task: Active) and "it all felt very natural,
I had no idea what was actually going on" (P72, Proactive/Active).
Herein, we present the results from the video data, Likert items,
and preference questions, and then explore the themes that were
identified within participants’ open-ended responses.

4.1 Quantitative Results
We first explain the interruption outcomes and strategies that were
observed, and then explore their influence on interruption time and
interruption experience.

4.1.1 Interruption Outcomes and Strategies. Across the video anal-
ysis of all 80 participants, three distinct interruption outcomes were
observed: Physical Interruption, i.e., participants physically inter-
acted with the VR user to get their attention; Proactive Proxy, i.e.,
participants used the proactive proxy interface; and Timeout, i.e.,

Figure 3: The interruption outcomes observed during the
(a) baseline condition and (b) proactive condition. Note that
in the baseline condition, none of the participants used the
static interface, hence the "0" is reported.

participants did not interrupt the VR user at all, either leaving the
experiment area or remaining inactive for more than two minutes.

In the baseline condition, 24 of the 40 participants (60%) chose
to interrupt the VR user, all by physically interacting with them.
The remaining 16 participants (40%) opted not to interrupt and
instead waited for the host to return (Figure 3a). Although the
static interface was clearly visible, none of the participants used
it to interrupt, echoing prior findings on design blindness [43]. In
the proactive condition, 34 participants interrupted the VR user
(85%). Of these, 29 participants (72.5%) used the proactive proxy
and 5 participants (12.5%) opted for physical interruption. Only
6 participants (15%) timed out without interrupting (Figure 3b).
Among those who timed out, only 2 participants reported having
failed to notice the proactive proxy.

To examine whether the distribution of interruption strategies
differed between conditions, we conducted a 2 × 3 Fisher’s Exact
Test with Monte Carlo simulation (10,000 replicates). The test re-
vealed a significant association between condition and strategy (p
< 0.001), indicating that the distribution of interruption strategies
differed across conditions. These findings suggest that interruption
strategies incorporating design elements such as motion, proximity
(within arm’s reach), and attention can influence whether users
engage with them to interrupt others. However, even with these
features, some participants still chose not to use the available inter-
ruption methods.

As shown in Figure 3, participants in the baseline condition ei-
ther physically interrupted the VR user or timed out. None used
the static interface. Similarly, some participants in the proactive
condition also opted for physical interruption or timed out rather
than using the available proxy. The emergence of these alterna-
tive strategies, combined with the absence of static interface usage,
meant that direct statistical comparisons between interface con-
ditions would not yield representative insights into participants’
experiences. Analyzing the results by observed strategy aligned
more closely with what actually occurred and better captured how
different interruption behaviors shaped participant experiences.
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Figure 4: Participants’ response distributions to the interruption experience Likert-scale items regarding the difficulty of
getting the VR user’s attention, how uncomfortable they were, and how unconfident they felt.

The following analyses of interruption time and experience consid-
ered the three observed strategies: physical interruption, proactive
proxy use, and timeout. Where strategies occurred across both con-
ditions (i.e., physical interruption and timeout), data was pooled
due to the limited sample sizes within the individual conditions.
Condition-level breakdowns for all measures are provided in Ap-
pendix B.

4.1.2 Interruption Time. We report the interruption times for the
two interruption strategies that occurred (i.e., physical interrup-
tions and interruptions using the proactive proxy). Since physical
interruptions occurred during the baseline and proactive proxy
conditions, the reported times for physical interruptions include
participants from both conditions. Participants who used the proac-
tive proxy (𝑀𝑒𝑎𝑛 = 28.5 seconds, 𝑆𝐷 = 9.2 seconds) were able to
interrupt the VR user faster than those who physically interrupted
the VR user (𝑀𝑒𝑎𝑛 = 35.1 seconds, 𝑆𝐷 = 15.4 seconds), with a mean
difference of 6.6 seconds. This difference is likely due to the de-
sign of the proactive proxy, which moved toward the participant
and eliminated the need for them to approach the VR user, thus
streamlining the interruption process.

4.1.3 Interruption Experience. Overall, participants reported amod-
erately negative experience interrupting the VR user, which is un-
surprising given the nature of the situation. Using ANOVA with
the Aligned Rank Transform [83] revealed significant differences in
participants’ ratings of difficulty, discomfort, and confidence across
interruption strategies (Figure 4). The analysis revealed a significant
main effect of interruption strategy for each measure (i.e., difficulty:
𝐹2,74 = 27.95; 𝑝 < 0.001; discomfort: 𝐹2,74 = 23.35; 𝑝 < 0.001;
confidence: 𝐹2,74 = 17.28; 𝑝 < 0.001). Post-hoc comparisons using
ART-C [15] with a Holm-Bonferroni correction confirmed that all
three interruption strategies differed significantly from one another
on each measure (𝑝 < 0.001 for all nine comparisons). The proactive
proxy yielded the most favorable experience: participants found
it easiest to use, felt most comfortable, and reported the highest
confidence. Physical interruptions resulted in moderate discomfort
and lower confidence, though participants found it slightly easier
to get the VR user’s attention. Timing out led to the most negative
experience, with participants feeling uncomfortable, uncertain, and
struggled to interrupt while waiting for the host to return.

Participants who used the proactive proxy interface (𝑁 = 29)
additionally reported that it was easy to use, comfortable, and
increased their confidence in attracting the VR user’s attention (all

ratings:𝑀𝑑𝑛 = 6.0, 𝐼𝑄𝑅 = 1.0). The interface was also perceived to
be neither difficult to notice (𝑀𝑑𝑛 = 2.0, 𝐼𝑄𝑅 = 1.0) nor difficult to
use (𝑀𝑑𝑛 = 1.0, 𝐼𝑄𝑅 = 1.0).

4.1.4 Preferred Interruption Strategies. Chi-Square Goodness-of-
Fit tests were used to examine whether participants’ preferences
deviated from an equal distribution across the three interruption
strategies. When asked which interruption strategy participants
preferred to interrupt a stranger (Figure 5a), participants in the base-
line condition showed a significant preference for the proactive
proxy (𝜒2 (2, 𝑁 = 40) = 13.38, 𝑝 = 0.0012), with 60% (24/40 partici-
pants) selecting it. The static interface was preferred by 25% (10/40)
and physical interruption by 15% (6/40). Participants in the proac-
tive condition showed a similar trend, favoring the proactive proxy
(18/40) over the static (12/40) and physical strategies (10/40), but
this preference was not statistically significant (𝜒2 (2, 𝑁 = 40) = 2.6,
𝑝 = 0.27). These results suggest that participants in the baseline
condition recognized the need for a more effective interruption
strategy.

In contrast, when asked about interrupting a familiar VR user
(Figure 5b), participants showed much greater preference for physi-
cal interruptions. Participants in the baseline condition opted for
physical interruption 50% (20/40) of the time, with the static inter-
face and proactive proxy each chosen by 25% (10/40), although this
preference was not statistically significant (𝜒2 (2, 𝑁 = 40) = 5.0,
𝑝 = 0.08). Participants in the proactive condition showed a strong
preference for physical interruptions (𝜒2 (2, 𝑁 = 40) = 15.6, 𝑝 <

0.001), with 62.5% (25/40) selecting them, compared to 15% (6/40)
for the static interface and 22.5% (9/40) for the proactive proxy.

Because VR task was a potential factor shaping these preferences,
we examined whether preferred interruption strategies differed be-
tween the active and passive VR-task groups. A 2 × 3 Fisher’s Exact
Test with Monte Carlo simulation (10,000 replicates) revealed a sig-
nificant association between VR task and preferred interface when
participants considered interrupting an acquainted user (p = 0.012).
Participants in the passive-task condition showed a stronger prefer-
ence for physical interruptions (29/40 physical, 6/40 static interface,
5/40 proactive proxy), whereas preferences in the active-task condi-
tion were more evenly distributed across the three strategies (16/40
physical, 10/40 static interface, 14/40 proactive proxy). While those
who used the proactive proxy deemed it unnecessary for familiar
users, the mixed preferences from those in the baseline condition
suggest that even with familiar users, some form of interruption
support may still be beneficial depending on the situation.
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Figure 5: Participant preferences for the interruption strategy they would prefer to use to interrupt a VR user who is (a) a
stranger and (b) familiar. (a)-left and (b)-left illustrate the preferences for participants who experienced the baseline condition,
whereas (a)-right and (b)-right illustrates the preferences for participants who experienced the proactive condition.

4.2 Qualitative Results
Our analysis of the open-ended responses revealed concerns that
negatively affected bystanders’ experiences, highlighted the chal-
lenges posed by current static interruption interfaces, and identified
the potential of proactive interruption interfaces to better support
bystander engagement.

4.2.1 Concerns about Physical Interruptions. Participants typically
treated physical touch as a last resort, first attempting verbal com-
munication to gain the VR user’s attention (e.g., “I first planned on
staying in my seat and just speaking to them from the other room.
Once that didn’t work, I got up and stood behind them and began
speaking to them. After I saw that that was unsuccessful, I tapped
them on the shoulder to get their attention” (P29, Baseline/Passive)).
While some found physical interruptions to be “simple”, “reliable”,
and more “human-like”, many expressed hesitation. This reluctance
stemmed from three key concerns: (i) discomfort with physical
contact, (ii) safety risks, and (iii) fear of startling the VR user.

Discomfort with Physical Touch. On several occasions, partici-
pants physically interrupted the VR user despite feeling discomfort.
One participant noted, “I am wary of physical touch with people I do
not know since that feels like crossing a boundary without their per-
mission” (P26, Baseline/Passive), while another shared, “it was not
comfortable to interact with the VR user” (P9, Baseline/Active). Both
the Likert item ratings for physical interruption (Figure 4) and the
interruption time reflect this discomfort. Interestingly, some par-
ticipants employed more creative strategies such as lightly poking
the VR user’s arm with a pen or shaking their chair, as alternatives
to direct physical touch.

Some participants were so uncomfortable with physical interrup-
tion that they opted not to interrupt at all. One participant shared,
“I tried to communicate verbally by saying hello, and then when that
didn’t work I moved closer to the VR user and tried to communicate
verbally again ... I gave up because I felt uncomfortable getting even
closer or physically tapping the person. I decided I’d rather do poorly
on the math questions and potentially have to redo the study than

disrupt the person” (P28, Baseline/Passive). This highlights a tension
between the desire to engage and the perceived inappropriateness
of touching a stranger without consent. As noted earlier, partici-
pants showed greater preference for physical interruption methods
when the VR user was someone they knew.

Safety. Participants also expressed concern about being acciden-
tally struck by the VR user, particularly while playing Open Saber.
P21 (Baseline/Active) shared feeling “more nervous about [their]
safety if [they] were to walk too close to the user or in front of them”,
and P19 (Baseline/Active) opted to “approach from behind to be
less in the way of the equipment”. However, this concern was not
limited to participants in the active condition. For instance, P48
(Proactive/Passive) remarked, “I’ve seen many videos where VR users
accidentally hit or run into others because they can’t see”, reflecting
similar caution even during the passive VR task. These findings sug-
gest that prior exposure to VR-related media may heighten aware-
ness of potential safety risks when interacting with immersed VR
users.

Fear of Startling the VR User. Although less common than con-
cerns about discomfort or safety, some participants worried that
physical interruption might startle the VR user. To avoid this, P18
(Baseline/Passive) opted for a “slight nudge” rather than a more
forceful gesture, while P35 (Proactive/Active) waited until the head-
set music stopped, reasoning that the user would be less immersed
and therefore less likely to be frightened: “I just assumed it would
be scary if I touched the user while they were immersed in a game”
(P35, Proactive/Active). These examples highlight how participants
considered the VR user’s state of immersion when choosing how
and when to interrupt.

4.2.2 Static Interfaces Remain Unused Due to Poor Visibility and
Privacy Concerns. Static interruption interfaces, which allow by-
standers to alert the VR user via a button press, offer a potential
solution to the challenges of physical interruption. These advan-
tages resonated with participants during the post-study survey. For
example, P38 (Baseline/Passive) remarked, “I feel that it would be
a lot better than trying to physically touch them or be loud enough
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for them to hear you. This way works better for me because I am not
good at talking to others (I am very shy)”, while P6 (Baseline/Active)
noted, “yeah absolutely I’d use that instead of accidentally getting
whacked in the head by the VR user.”.

Despite this positive feedback, none of the participants who had
access to the static interface chose to use it. As P7 (Baseline/Passive)
noted, “the desktop interface was unnoticeable for me because it was
pretty far from my central focus (the VR user)”. Several participants
pointed out that such interfaces are “not something that is commonly
done” (P37, Baseline/Passive) and highlighted the need for “prior
education that using the technique is the main way of interrupting the
user” (P1, Baseline/Active). These responses suggest that, contrary
to assumptions held by VR headset manufacturers, use of static in-
terruption methods cannot be taken for granted until such methods
have increased noticeability and achieve broader normalization.

Beyond a general lack of awareness about the static interface,
some participants deliberately avoided exploring the room, cit-
ing concerns about invading the VR user’s privacy. As P7 (Base-
line/Passive) explained, “I do not like to tamper with people’s stuff,
so I did not really pay attention to the interface on the desk”. The
interface’s placement further amplified these concerns, with P79
(Baseline/Passive) noting it was “not very comfortable for me as it
is too close to the VR user’s personal belongings”. Even when asked
whether they would have used the interface had they noticed it,
some participants remained hesitant. P27 (Baseline/Active) shared,
“I didn’t notice it but I probably still wouldn’t have used it if I had, this
is because I don’t want to touch other people’s tech and risk doing some-
thing wrong or breaking something”, while P10 (Baseline/Active)
added, “no, I would feel like I would be violating someone’s privacy”.
These responses highlight the importance of designing interruption
interfaces that are not only more visible but also clearly signal their
purpose and boundaries to mitigate privacy-related discomfort.

4.2.3 Proactive Proxy Affordances. Participants who used the proac-
tive proxy described it as “easy”, “safe”, and “convenient”, with the
Likert responses about interrupting the VR user reflecting a gener-
ally positive experience (Figure 4). Its mobility played a key role
in making the interface noticeable and approachable. Many par-
ticipants felt invited to engage, noting that the robot’s movement
signaled its purpose clearly. For instance, one participant remarked,
“it was very clear that the robot interface was for me since it seemed
to move when I tried to get the VR user’s attention” (P36, Proac-
tive/Active). Another shared, “by blocking your way, it is obvious
that you should interact with [the robot]” (P57, Proactive/Active).
P79 (Baseline/Passive), who was only exposed to the proactive
proxy during the post-study survey, commented “[With the robot
interface], it feels like I am invited to communicate with the VR user”.
This sense of encouragement helped even hesitant participants feel
more comfortable initiating interaction (e.g.,“I felt uncomfortable
because I didn’t want to interrupt her, but the robot made me feel
like it was okay to do so, and so when I pressed the button and she
responded, I felt relieved” (P42, Proactive/Active)).

The proactive proxy introduced a new dynamic: instead of par-
ticipants initiating the interruption, they were first interrupted by
the proxy itself. This shift was noted by participants, such as P67
(Proactive/Active) who shared, “the motion of the robot really helped
since the motion drew my attention to the robot first”. Similarly, P30

(Proactive/Active) described how their initial plan to shout or tap
the VR user changed when “the robot approached me with the screen
that said ’please tap to get the VR user’s attention’ ... I knew to tap that
and felt like it would work”. By actively engaging the participant, the
proxy redirected their attention towards its interface, facilitating a
more structured and reliable method of initiating contact.

Some participants raised concerns about privacy and practical-
ity. Although the proactive proxy maintained a respectful distance
(40-60 cm) to avoid collisions [48], this occasionally made its screen
difficult to read, thus prompting participants to move closer. One
participant remarked, “I wasn’t sure if the robotic touchscreen inter-
face was meant for me to use or not. I did not want to touch someone
else’s property and I was too far away from the screen to read anything”
(P69, Proactive/Active). Others questioned the necessity of the sys-
tem, describing it as “over-engineered” (P55, Proactive/Active) or
“overkill” (P45, Proactive/Passive), while one noted, “it may not be
realistic to always have a robot that can follow you around” (P72,
Proactive/Active). A few participants also reported feeling “star-
tled” (P39, Proactive/Active) or found the robot “scary” (P53, Proac-
tive/Passive). These reactions suggest that public acceptance of
proactive proxies may vary widely, shaped by factors such as aes-
thetics, perceived intrusiveness, and clarity of purpose.

5 Discussion and Future Work
Using a deception-based study methodology, we engineered au-
thentic situational constraints that elicited genuine responses from
bystanders. Our findings confirmed that bystanders experienced
significant discomfort when interrupting unfamiliar VR users (H1).
This hesitation aligns with preliminary field observations by Wang
et al. [76], which reported similar reluctance among bystanders to
engage with VR users in public spaces. The static interface in our
baseline condition was positioned in a natural, practical location
for real-world deployment, i.e., adjacent to the monitor display-
ing real-time VR content and visible from the participant’s seated
position, yet it was overlooked by all participants (H2). This at-
tentional oversight is consistent with perceptual load theory [36]
and prior work on public interactive systems, which showed that
even prominently placed and clearly labeled interfaces can suffer
from attentional blindness when passersby are cognitively focused
on a task [32]. Interestingly, when the same interruption interface
was mounted on a robotic proxy that proactively entered partici-
pants’ field of attention, participants readily engaged with it and
reported considerably less discomfort (H3). Even if we consider the
placement of the static interface to be a contributing factor to its
lack of use, it raises questions about how precisely a VR user would
need to anticipate bystander behavior for them to effectively posi-
tion such an interface. By proactively presenting the interface, the
proxy implicitly signaled that interrupting was socially appropri-
ate. This supports prior findings that showed that people interrupt
more sensitively when both motivation and contextual cues are
present [11].

In the following sections, we examine the value of incorporat-
ing bystander perspectives in VR interaction design, explore key
considerations for creating interfaces that support spontaneous
encounters, and discuss the limitations of our research.
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5.1 Need for Bystander-Centric Design in VR
The predominant approach to managing VR-bystander interactions
has focused on systems that inform VR users about their physical
surroundings. While recent work has shown that VR users’ needs
for such awareness vary by social context [52], the degree of im-
mersion ultimately remains at the discretion of the VR user. This
can create an imbalance in interaction control. If a user chooses
full immersion, such as during a long-haul flight to avoid constant
notifications about passenger movements, bystanders may have
limited means to initiate contact.

Our findings demonstrate that bystander-centric interfaces can
significantly improve bystanders’ experience during impromptu
encounters with fully immersed, unacquainted VR users. However,
we do not propose replacing existing bystander awareness sys-
tems. These systems remain crucial for user safety, environmental
awareness, andmaintaining appropriate social boundaries in shared
spaces. Instead, we envision them as one component of a broader
solution that integrates the bystander’s perspective and needs.

Drawing from our findings and previous research, we now ex-
plore how embedding bystander-centric design into VR systems can
enhance the shared experience for both VR users and bystanders.

5.1.1 Communicating Availability. During our study, some par-
ticipants chose not to interrupt the VR user after perceiving that
they were deeply engaged. This behavior reflects Wang et al.’s [76]
findings on in-the-wild VR interruptions and aligns with broader
research on how people assess others’ availability before initiating
contact [67, 79, 80]. While prior work on availability management,
ranging from physical cues like ‘Do Not Disturb’ signs to digi-
tal indicators of online status, showed that explicit signals make
people more comfortable initiating interaction [80], VR lacks such
mechanisms. Our study found that once bystanders noticed the
existence of an interruption interface, they interpreted it as an im-
plicit signal of availability. There thus appears to be a need for more
practical methods for VR users to communicate their availability
so bystanders can make more informed decisions.

5.1.2 Timing Interruptions Based on Urgency. In our experiment,
participants could interrupt VR users by pressing a single but-
ton to trigger an interruption notification. However, current by-
stander awareness systems treat all bystander presence as equally
urgent, lacking mechanisms to assess the priority of potential in-
teractions [52]. To address this, bystander-centric interfaces should
empower bystanders to control how their notifications are delivered,
allowing urgent messages to be sent immediately while deferring
lower-priority interruptions to natural transition points. This ap-
proach supports bystanders in expressing their communication
needs without imposing unnecessary disruptions. At the same time,
VR users can remain immersed in their tasks, responding to urgent
matters promptly and engaging with less critical messages when
appropriate.

5.2 Design Considerations for
Bystander-Centric VR Systems

As one of the first controlled studies examining ad-hoc bystander-
VR user interruptions in a naturalistic setting, we needed to an-
chor our investigation at a specific point along the continuum of

possible encounters. As human interruptions vary along multiple
dimensions (i.e., familiarity with the interruptee, degree of their
immersion, urgency of the interruption, and social context), we
chose the most challenging configuration: a fully immersed VR user
who was a complete stranger, with bystanders having a moderate
urgency to interrupt. This represented one end of the continuum.
Interactions involving acquainted users, partially immersed users,
or different urgency levels would likely present different barriers.
Our deception-based methodology could thus serve as a template
for future work that systematically varies these parameters, e.g.,
manipulating the VR user’s degree of immersion, a bystander’s rela-
tionship with them, the stakes of the interruption, or the presence
of public onlookers.

Similarly, interruption interfaces may themselves exist on a con-
tinuum. We evaluated two extremes: a static interface representing
current solutions that assume bystander awareness, and a proactive
robotic proxy that actively engages bystanders upon detecting in-
terruption intent. Our goal was not to propose robots as a practical
everyday solution, but to isolate and demonstrate the benefits of
proactive interface presentation. While we did not aim to identify
an optimal solution, examining these extremes revealed valuable
design insights for future bystander-centric VR systems. Notably,
participants using the proactive proxy often assumed the static
interface would suffice. This assumption did not hold when partici-
pants in the baseline condition experienced the limitations of this
interface firsthand. These findings highlight the need for dedicated
interruption interfaces and suggest a design continuum between
passive and highly proactive approaches, with the ideal solution
likely falling somewhere in between. From our observations, we
identified three key design implications for supporting impromptu
interactions between bystanders and unacquainted VR users in
shared spaces:

D1. Minimize Physical Contact. Given participant concerns
about discomfort, startle responses, and safety, future bystander-
centric interfaces should prioritize non-contact interactionmethods.
While physical touch may be necessary in urgent cases, gesture
recognition or interface elements placed outside the VR user’s per-
sonal space would help minimize direct contact during routine
interactions.

D2. Communicate Available Interactions. Since spontaneous
encounters may involve bystanders unfamiliar with VR capabilities
or available interruption methods, interfaces must proactively cap-
ture attention and clearly signal interaction possibilities. Drawing
from public kiosk research [30], future designs should incorporate
attention-directing cues such as motion, dynamic visuals, respon-
sive lighting, or approach-triggered audio feedback to reduce inter-
action blindness. Clear labeling and intuitive affordances can further
help bystanders understand how to initiate contact. In predictable
settings, such as when sitting in adjacent airplane seats, interfaces
mounted on a VR headset’s side panels could display prompts like
“Say ‘Hi’ to get my attention”. As more position-constrained scenar-
ios emerge, such context-aware interface designs warrant further
exploration.

D3. Signal Social Permission. Our findings suggest that social
permission must be signaled on two levels: permission to use the
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interface and permission to interrupt the VR user. For the former,
future designs should clearly distinguish bystander interfaces from
personal devices through visual styling, invitational labeling, and
placement outside personal space. For the latter, interfaces could
explicitly communicate the VR user’s availability or willingness to
be interrupted, empowering VR users to actively signal whether
they wish to be disturbed rather than leaving bystanders to make
assumptions. Together, these cues can reduce hesitation and en-
courage interaction in shared spaces.

5.3 Limitations
Our controlled methodology enabled the observation of authentic
bystander behavior by fixing key parameters including the use of
a single bystander, a fully immersed stranger, and an urgent need
for the bystander to interrupt the immersed stranger. However,
several additional factors should be explored to better understand
bystander-VR user interactions and interruption interfaces.

5.3.1 Sample Demographics. Our university setting limited partic-
ipants to primarily 18-30 year old students. Older adults, who may
be less familiar with VR technology, could experience even greater
discomfort approaching immersed strangers, while younger individ-
uals might hold different expectations around technology-mediated
interaction. While we balanced gender pairings, we did not examine
gender effects on interaction dynamics. Cultural values also likely
shaped interruption behaviors within our diverse sample, though
these influences were not controlled. Furthermore, although our
sample was culturally diverse, participants were situated within a
North American university context. Norms around personal space,
acceptable physical touch between strangers, and willingness to ini-
tiate unsolicited interaction vary substantially across cultures—for
instance, acceptable interpersonal distances and attitudes toward
interrupting unknown others differ between collectivist and in-
dividualist societies, and between high-contact and low-contact
cultures [24, 26, 64]. The discomfort and hesitation we observed
may therefore manifest differently in other cultural contexts. Fu-
ture research should systematically explore these demographic and
cultural factors.

5.3.2 Study Environment. Conducting our study in a controlled
lab with a PC VR setup allowed for consistent experimentation,
offering a foundational look at impromptu bystander-VR interac-
tions. We isolated a single bystander to examine interface effects
without confounding social dynamics, though in practice, the pres-
ence of other people may introduce social pressure, conformity
effects, or fear of judgment that further shape interruption behav-
ior. However, this setting lacked the complexity of real public space,
where additional bystanders and varied environments (e.g., cafes,
malls, or airplanes) can shape interaction dynamics. Real environ-
ments also introduce distractions (e.g., obstacles, noise, pedestrian
flow) that could reduce interface visibility and further discourage
interruption attempts. Factors such as the presence or absence of a
monitor displaying the VR user’s view or forced proximity between
a bystander and VR user may also heighten or reduce interaction
dynamics. Understanding how location affects these interactions
remains an open question for future research.

5.3.3 Interruption Urgency. The urgency embedded in our study
design likely shaped participant behavior. Notably, even with task
completion motivating them, 40% of baseline participants avoided
interrupting the VR user entirely. In lower-stakes scenarios, avoid-
ance rates would likely be higher, and the barriers we observed
would likely be amplified. This suggests our findings may repre-
sent a conservative estimate of bystander hesitation, highlighting
the need for future research on how urgency influences bystander
interventions.

5.3.4 VR Awareness Features. Our study used a PC VR setup with
integrated headphones, creating full audiovisual immersion. Mod-
ern VR systems now include awareness features like Meta Quest’s
Space Sense or Apple Vision Pro’s People Awareness, alongside open-
ear audio and passthrough options. While our study focused on
scenarios where users opt for full immersion, exploring how partial
awareness shapes interactions could offer valuable insights. We see
bystander-centric interfaces as complementary to these systems,
and future research should examine how they can be integrated to
create more holistic solutions.

Taken together, these factors suggest the barriers we observed
may be amplified in real-world contexts, reinforcing the need for
interfaces that proactively support bystander-VR user interactions.

6 Conclusion
As VR systems increasingly extend beyond private spaces, under-
standing and supporting interactions between VR users and by-
standers becomes essential. Our research provides empirical evi-
dence that bystanders often feel significant discomfort when inter-
rupting unfamiliar VR users and that traditional static interruption
interfaces frequently go unnoticed during spontaneous encounters.
Our proactive proxy interface, on the other hand, demonstrated
that explicitly discoverable interfaces can significantly improve
bystander comfort and interaction quality by signaling social per-
mission to initiate contact. These findings suggest that as VR sys-
tems increasingly move into shared and public environments, their
design must also consider the needs of nearby bystanders. In partic-
ular, incorporating interfaces that clearly communicate availability
and guide bystander attention can help trigger interruptions in a
comfortable and socially appropriate way.

We advocate for integrating bystander-centric design into VR
systems, demonstrating that giving bystanders agency in managing
interruptions enhances comfort and engagement. These interfaces
can complement existing awareness systems by offering explicit
communication channels without compromising immersion. We
outline key design considerations for such systems and suggest
that future research explore how to effectively combine these ap-
proaches across diverse contexts. As VR adoption expands into
offices, transit systems, and public venues, this integration will be
vital for creating socially attuned VR experiences that respect the
needs of all participants.
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Appendix A: Survey Questionnaire
Note that Sections 1, 2, 3, and 6 were completed by all participants,
whereas Sections 4 and 5 depended on what the participant did
during the study (i.e., participants who did not use the provided
interface completed Section 4, all other participants completed
Section 5). Additionally, some phrasing and figure visualizations
were slightly modified for each study configuration. Open-ended
questions are indicated by an asterisk (∗).

Section 1: Participant Demography
(1) Age
(2) Gender

(Male/Female/Non-Binary/Prefer not to say)
(3) How often do you use VR?

(5-point Likert Scale; 1: Never – 5: Always)
(4) How often have you felt the need to interact with a VR user?

(5-point Likert Scale; 1: Never – 5: Always)

Section 2: Overall Interaction Experience
The following questions contain 7-point Likert scales (1: Strongly Dis-
agree; 7: Strongly Agree). In these questions, there will be a statement:
please respond by circling the answer you think best describes what
you think.

(1) It was difficult for me to get the VR user’s attention.
(2) I felt uncomfortable interrupting the VR user.
(3) I felt unconfident interrupting the VR user.

Answer the next few questions descriptively to the best of your abilities.
(4) How did you plan on interrupting the VR user? Please de-

scribe your experience of communicating with the VR user
after the PC crashed.∗

(5) Would you like to give any other comments regarding your
interaction experience?∗

Section 3: VR Communication Interface
[Provided Interface: Static Interface] In this study, the VR user had
deployed a touchscreen interface on their desk for you to communicate
with them. With this interface, instead of physically interrupting the
VR user, you can tap the button on the screen to get their attention.
(Figure A1)

Figure A1: Screenshots from the video shown to participants
during the survey who were assigned to the Static Interface
condition, introducing them to the provided interface.

[Provided Interface: Proactive Proxy] In this study, the VR user
had deployed a robotic touchscreen interface for you to communicate
with them. With this interface, the robot brings the controls to you so
that you can interrupt the VR user from a distance. (Figure A2)

Figure A2: Screenshots from the video shown to participants
during the survey who were assigned to the Proactive Proxy
condition, introducing them to the provided interface.

(1) How do you feel about using this technique to interrupt the
VR user?∗

(2) Did you use this interface to communicate with the VR user?
(Yes/No)
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Figure A3: Screenshots from the video clips shown to participants who were assigned to the conditions (a) VR Application:
Active and (b) VR Application: Passive, asking them about their interruption technique preference.

Section 4: Did Not Use Interface
(1) Why didn’t you use this interface?
(a) I did not notice the interface
(b) I noticed the interface, but had other concerns

[If the interface was unnoticed]

(2) If you had noticed this interface, would it change your ap-
proach of communicatingwith the VR user? Please elaborate.∗

(3) In your opinion, how do you think this interface can be made
more noticeable?∗

[If there were other concerns]

(4) Please elaborate your reason(s) for not using this interface
to communicate with the VR user.∗

(5) In your opinion, what changes to the interface would make
you more willing to use it?∗

Section 5: Interface Interaction Experience
The following questions contain 7-point Likert scale questions (1:
Strongly Disagree; 7: Strongly Agree). In these questions, there will
be a statement: please respond by circling the answer you think best
describes what you think.

(1) It was difficult for me to notice the interface for commu-
nicating with the VR user.

(2) It was difficult for me to use the interface for communi-
cating with the VR user.

(3) Having the interface made it easier for me to get the VR
user’s attention.

(4) Having the interface made it comfortable for me to get
the VR user’s attention.

(5) Having the interface made me feel confident interrupting
the VR user.

Answer the next question descriptively to the best of your abilities.
(6) Would you like to give any other comments regarding your

experience using this interface?∗

Section 6: Interface Preference
[VR Task: Active] Consider this scenario as you experienced in the
study - the VR user is actively playing a game in VR. You need to
interact with them. However, the music is loud, so they can’t hear you.
(Figure A3a)
[VR Task: Passive] Consider this scenario as you experienced in the
study - the VR user is sitting on a chair and watching some content
in VR. You need to interact with them. However, the music is loud, so
they can’t hear you. (Figure A3b)

(1) Which of the three techniques - physical touch/tap, a desk
interface, and a robotic interface - would you prefer to
interrupt the VR user in the above situation? Please elaborate
your choice.∗

(2) For the same situation, if the VR user was someone you knew
(friend/family/acquaintance), which technique would you
prefer for interrupting? Please elaborate your choice.∗
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Appendix B: Configuration-Wise Measure Breakdown
To complement the aggregated findings reported in the main text, this appendix section provides configuration-wise breakdowns of all
measures. These additional visualizations offer further context to support the transparency and reproducibility of our results.

Figure B1: Interruption strategies by study configuration.

Figure B2: Interruption duration by study configuration and outcome. Note that there is no duration presented for timeout, as
the interruption did not occur in that scenario.
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Figure B3: Perceived difficulty of getting the VR user’s attention by study configuration and interruption strategy.

Figure B4: Perceived discomfort when interrupting the VR user by study configuration and interruption strategy.

Figure B5: Perceived (un)confidence when interrupting the VR user by study configuration and interruption strategy.
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Figure B6: Preferred interruption interface by study configuration. After experiencing a single assigned configuration, partici-
pants were asked which of the three techniques (physical touch/tap, desk interface, or robotic interface) they would prefer to
use to interrupt the VR user performing the same VR task they experienced in their study.

Figure B7: Preferred interruption interface by study configurationwhen interrupting someone they know. Participants indicated
which technique they would prefer to use to interrupt a friend, family member, or acquaintance performing the same VR task
they experienced in their study.
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Appendix C: Interruption Interfaces

Figure C1: Illustration of the interruption interfaces used during the study. The (a) static interruption interface and (b) the
proactive proxy interface. In (c), a user is triggering an interruption using the proactive proxy interface.
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