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ABSTRACT KEYWORDS
Location-based virtual reality (VR) enables large-area movement and co-located inter- Location-based virtual
action in immersive shared environments. However, little is known about how users reality (VR); safety
experience and regulate safety in hybrid physical-virtual spaces, particularly under ~ Perception; social presence;
uncertainty and social coordination. To address this gap, we conducted a qualitative 'Tg;;;'i\\'/i f:f:ar:‘zﬂce’
study involving semi-structured interviews, focus groups, and participant observation a

with 49 participants who had experienced location-based VR. Thematic analysis identi-

fied recurring experiential states, organized into a three-zone framework—Comfort

Zone, Optimal Experience, and Panic Zone—describing how perceived controllability

shapes fear and engagement. We further propose a qualitative conceptual model

synthesizing how participants described drawing on both system-based cues and

interpersonal support to maintain embodied safety. Together, these findings

reveal a safety paradox: immersive engagement often depends not on eliminating

uncertainty but on sustaining a regulated form of insecurity that remains percep-

tible yet manageable.

1. Introduction

Location-based virtual reality (VR) extends the immersive experience beyond seated or stationary inter-
action by allowing users to move through large physical environments while engaging with virtual con-
tent alongside co-located participants (Lopes et al., 2017; Sayyad et al, 2020) (see Figure 1). By
combining bodily movement, shared spatial navigation, and face-to-face coordination, such systems are
widely assumed to enhance immersion through stronger embodiment, spatial realism, and social pres-
ence (Fan et al., 2022; Jicol et al., 2023; Turkay et al., 2021). Yet this hybrid arrangement also introdu-
ces a distinctive experiential condition of uncertainty. Users must act within environments where
virtual scenarios unfold while real physical consequences remain possible.

Under these conditions, participants operate under persistent uncertainty. Because head-mounted
displays visually occlude the physical world, users must infer spatial boundaries, track the movements
of nearby participants through mediated cues, and continuously evaluate whether their actions remain
physically safe. Moments of hesitation, disorientation, and bodily tension are therefore common in
location-based VR experiences (Xu & Ge, 2025). At the same time, these moments are not simply dis-
ruptions. The very uncertainty that generates hesitation may also contribute to the intensity and excite-
ment of the immersive experience. This creates a fundamental tension: immersive engagement appears
to depend on uncertainty, yet excessive uncertainty can threaten users’ sense of safety and control.

This tension can be understood as a safety paradox. On the one hand, immersive environments rely
on credible uncertainty and perceived threats to sustain curiosity, exploration, and emotional intensity.
If uncertainty is removed entirely, the experience risks becoming predictable and emotionally flat. On
the other hand, users must simultaneously maintain a sufficient sense of bodily security to remain cap-
able of acting within the environment. When uncertainty exceeds users’ ability to orient themselves or

CONTACT Shuyue Li @ sli688@connect.hkust-gz.edu.cn e Computational Media and Arts, The Hong Kong University of Science and
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Figure 1. Location-based VR experience venue.

coordinate with others, it can trigger panic, withdrawal, or loss of agency. Immersion, therefore,
appears to arise not from eliminating uncertainty but from regulating it.

Safety in VR research has often been conceptualized primarily as a technical problem. Within
human-computer interaction (HCI) and VR engineering, safety is typically addressed through system
reliability, collision avoidance, and risk reduction mechanisms (Azmandian et al., 2014; Meehan et al,,
2002; Sun et al., 2018). Design solutions such as boundary visualization, redirected walking, and multi-
modal warning systems aim to minimize uncertainty so that users can move fluently while remaining
physically protected. These approaches have produced important technological advances, yet they also
rely on an implicit assumption: that reducing uncertainty necessarily improves the immersive
experience.

However, psychological and experiential research suggests that engagement often emerges not from
the absence of uncertainty but from its careful regulation. Theories such as flow (Csikszentmihalyi,
1990), optimal arousal (Carrol et al., 1982; Yerkes & Dodson, 1908), and voluntary risk-taking (Lyng,
1990) indicate that challenge, tension, and perceived risk can intensify engagement when they remain
within a manageable range. From this perspective, safety cannot be understood solely as the successful
elimination of danger. Instead, it emerges through an ongoing appraisal process in which individuals
evaluate perceived threat, controllability, and their capacity to act within a situation (Li et al., 2024;
Riva et al., 2007).

This regulatory process becomes particularly complex in location-based VR because safety is not
managed by the system alone. Users share physical space with companions and strangers, rely on medi-
ated representations to infer proximity, and often adjust their behavior through mutual monitoring,
reassurance, and coordination. Safety in these environments is therefore both embodied and relational.
It is embodied because users must feel capable of moving without imminent harm (Penaud et al., 2023;
Pritchard et al., 2016), and relational because this capacity often depends on the legibility of others’
actions and the availability of social support (Almeida et al., 2022; Strojny et al., 2020). Yet existing
research has not sufficiently explained how these socio-technical resources are combined in users’
moment-to-moment regulation of safety, nor how such regulation shapes immersive engagement and
social bonding.
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To address this gap, the present study examines how safety is experienced and regulated in location-
based VR under conditions of uncertainty and co-located interaction. Drawing on qualitative data from
semi-structured interviews, focus groups, and participant observation with 49 individuals who have
experienced location-based VR, we analyze safety not as a binary outcome, but as an ongoing experien-
tial process. Specifically, this study asks:

RQ1: How do users perceive and interpret safety under conditions of uncertainty in location-
based VR?

RQ2: How do participants regulate uncertainty to sustain immersion and social interaction in shared
immersive environments?

Our findings show that users do not simply seek maximum safety. Instead, they attempt to remain
within a workable experiential range in which uncertainty remains perceptible, but action remains
possible.

This paper makes three contributions. First, it extends existing understandings of safety in immersive
environments by examining how safety is dynamically regulated in location-based VR. Rather than
treating safety solely as objective protection, our findings highlight users’ ongoing appraisal of whether
uncertainty remains manageable during action. Second, it identifies a socio-technical regulatory mech-
anism through which this balance is maintained, showing how users adjust their reliance between sys-
tem-based cues and interpersonal coordination to stabilize their sense of embodied safety. Third, the
paper introduces the concept of controlled insecurity, describing the experiential condition in which
uncertainty remains credible enough to sustain immersion and social bonding while still preserving
users’ capacity to act.

By theorizing safety as an embodied and socially negotiated condition of immersive engagement, this
study contributes to research on VR experience, social presence, and HCI. More broadly, it suggests
that immersive systems may benefit not from eliminating uncertainty, but from supporting users in
maintaining uncertainty within a range that remains experientially manageable. The remainder of the
paper reviews related work, presents the empirical findings, discusses theoretical and design implica-
tions, and outlines directions for future research.

2. Literature review

We situate this work at the intersection of location-based VR, embodied experience, and co-located
social interaction, focusing on how users experience and regulate safety within shared immersive envi-
ronments. We begin by reviewing safety challenges in location-based VR, specifically how the combin-
ation of physical freedom and multi-user environments introduces collision risks that are typically
managed through defensive design mechanisms. Next, we draw on theories of embodiment and risk
engagement to distinguish between objective protection and the subjective sensation of safety, arguing
that the latter is constructed through self-representation and perceived controllability. Finally, we syn-
thesize research on social presence to frame safety as a relational negotiation, mediated not only by sys-
tem boundaries but by the presence of others, setting the stage for our empirical study.

2.1. Safety in location-based VR

Despite these immersive affordances, navigating location-based VR environments raises important
safety challenges. Because users move through shared physical spaces while visually immersed in virtual
content, they must continuously manage physical boundaries and the movements of nearby participants
(Michaelides et al., 2025). Prior work has primarily addressed these challenges through technical opti-
mizations, such as redirected walking, which maximizes navigable space while keeping system
constraints perceptually invisible (Razzaque et al., 2002; Steinicke et al., 2010). However, this engineer-
ing-focused perspective often overlooks how users experience and interpret safety during interaction,
particularly how they assess system reliability, boundary legibility, and the manageability of potential
physical consequences.
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Beyond spatial scale, location-based VR is also distinguished by co-located physical presence (Slater,
2009). Unlike remote platforms such as VRChat, users share the same physical venue, enabling collab-
oration through embodied cues such as pointing, yielding, and coordinated movement. These interac-
tions can significantly enhance social presence and cooperative behavior (Lacoche et al., 2017; Wienrich
et al., 2018). High-fidelity tracking technologies further amplify embodied expressivity, making body
coordination a central component of the shared experience (Sykownik et al., 2023). At the same time,
however, the physical presence of others introduces new forms of spatial uncertainty (Witmer &
Singer, 1998). Because users primarily rely on avatars and system-generated cues to infer the location
and intention of others, the relationship between virtual representations and real bodies is not always
fully transparent. As a result, co-located interaction often contains latent spatial tension, requiring par-
ticipants to continuously interpret system signals while anticipating the movements of nearby users.

Consequently, managing spatial safety, particularly the risk of physical collision, has become an
important challenge in HCI. Previous work has typically addressed this issue through defensive system
design strategies, including multimodal warning signals, virtual guardrails, and automated redirection
techniques that prevent users from approaching hazardous boundaries (Fan et al., 2022; Lei et al., 2023;
Peck et al., 2013). While these approaches are effective from an engineering perspective, they tend to
conceptualize collision risk primarily as a technical failure to be minimized (Podkosova & Kaufmann,
2018). Such a perspective provides limited insight into how users actually navigate location-based VR
environments (Scavarelli & Teather, 2017). In practice, users do not rely solely on automated safe-
guards; instead, they actively interpret system cues, monitor the proximity of others, and dynamically
coordinate their movements to maintain a workable sense of bodily safety (Langbehn et al., 2018).

2.2. Embodiment and risk engagement in VR experiences

Embodiment describes the experiential state in which users perceive a virtual body as their own (body
ownership) and under their control (agency) (DeVeaux et al., 2025). This state arises from the integra-
tion of consistent multisensory cues—visual, proprioceptive, and haptic—which align virtual consequen-
ces with real-world actions (Barbot & Kaufman, 2020). While related to immersion (the sensation of
being in a place), embodiment specifically concerns the user’s relationship with their virtual body and
their capacity to act (Kilteni et al., 2012). Crucially, embodiment influences not only whether users feel
present but also how they interpret risk and evaluate their capacity for action (Burychka et al.,, 2021;
Xu et al., 2025). When bodily signals align with virtual feedback, users are more likely to perceive
threats as manageable challenges rather than uncontrollable hazards.

Sociological and HCI theories suggest that controlled exposure to risk can enhance engagement.
Lyng’s (1990) concept of edgework describes the voluntary navigation of boundaries between order and
chaos to achieve mastery and focus. Shay (2017) adapts this to mediated environments as “edgework
without the edge,” where users experience the thrill of extreme activities with reduced physical conse-
quences. Similarly, Benford et al. (2012) argues for “uncomfortable interactions,” suggesting that care-
fully designed discomfort—whether physical, psychological, or visceral—can deepen entertainment and
social bonding. These perspectives imply that felt risk is not necessarily a system failure. Under condi-
tions of intelligibility and recoverability, risk becomes an experiential resource (Obeada et al.,, 2026).
However, this requires users to perceive “control” not just as an objective safety measure, but as a sub-
jective appraisal of rules, boundaries, and trust in the system (Raggiotto & Scarpi, 2023).

As a high-immersion medium, VR can elicit physiological responses comparable to real-world stres-
sors, often exceeding the emotional impact of traditional media (El Basbasse et al., 2023). This capabil-
ity is utilized in both therapeutic and entertainment contexts. In exposure therapy, patients confront
fears (e.g., heights or social anxiety) within a controlled environment; the efficacy of the treatment
relies on the user maintaining a ongoing regulation of perceived safety despite high arousal
(Emmelkamp et al., 2020; North et al., 1998). Similarly, horror experiences leverage the tension between
fear and curiosity to drive immersion (Perron, 2012). Collectively, this work demonstrates that VR’s
power lies in structuring a productive tension: users remain engaged and action-capable not because
negative affect is eliminated, but because the environment remains legible and controllable.
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While existing research demonstrates that fictional danger and affective arousal can enhance engage-
ment in VR, it often overlooks the distinctive risk structure of location-based VR. In co-located set-
tings, risk arises not only from narrative or perceptual illusions but also from the physical presence and
movement of other users (Slater & Sanchez-Vives, 2016). Because avatars and system cues provide only
partial information about others’ positions and intentions, participants must continuously infer how
virtual representations correspond to real bodies in shared space. As a result, maintaining safety
becomes an ongoing process of interpretation and coordination rather than a purely technical guaran-
tee. Users actively regulate their sense of safety by combining system feedback with interpersonal
adjustments, such as yielding space, signaling intentions, or adapting movement trajectories.

2.3. Social presence and shared vulnerability

Short et al. (1976) originally defined social presence as the “salience of the other.” Since then, the con-
cept has evolved in HCI discourse from a static property of the medium to a dynamic, intersubjective
experience (Biocca et al., 2003; Cummings & Wertz, 2022). In the specific context of location-based
VR, however, social presence transcends the traditional “non-mediated illusion” of being there. Because
users share a physical tracking space, social presence becomes embodied and consequential (Wienrich
et al.,, 2018). It is not merely a psychological sense of “being with” a virtual avatar, but a heightened
state of mutual awareness driven by the tangible reality of the other person’s physical body (Tietenberg
et al., 2025). Thus, in location-based VR, social presence serves as a key foundation for social bonding,
weaving together the virtual narrative with the physical necessity of navigating a shared space.

Building on this embodied view, we introduce shared vulnerability as a key mechanism shaping
social presence in location-based VR. Social psychology literature posits that co-experiencing challenges,
threats, or even pain can rapidly accelerate trust and group cohesion (Bastian et al., 2014). Just as
Bastian observed that shared adversity fosters “psychological distinctiveness” and solidarity in strangers,
HCI research suggests that “uncomfortable interactions” or managed risks can function as powerful
social glue (Benford et al., 2012). In VR, this may manifest as active “mutual care” among co-present
users when they perceive a credible threat, whether arising from the demands of collaborative gameplay
or the risk of physical collision (Tietenberg et al., 2025). This heightened state of alertness, where users
must negotiate safety together, paradoxically amplifies social presence. The uncertainty of the environ-
ment transforms the partner from a mere bystander into a crucial ally, validating the theory that a cali-
brated level of unsafety can deepen the social bond. Shared vulnerability, therefore, functions as the
experiential mechanism through which controlled uncertainty transforms potential risk into opportuni-
ties for social bonding.

2.4. Cross-cultural interaction in virtual environments

Emerging research suggests that social interaction in virtual environments remains shaped by culturally
grounded norms of interpersonal behavior. Studies on avatar-mediated communication have shown
that users from different cultural backgrounds maintain distinct patterns of interpersonal distance and
spatial coordination even in virtual settings. For example, cross-cultural analyses of virtual proxemics
indicate that users of Asian cultural contexts tend to maintain larger interpersonal distances than their
European counterparts, reflecting culturally embedded norms of personal space and social interaction
(Hasler & Friedman, 2012). Similarly, previous work has demonstrated that users continue to follow
proxemic conventions from the real-world in immersive environments, maintaining socially appropriate
distances and adjusting their behavior based on contextual cues (Bailenson et al., 2003). More recent
studies further investigate interpersonal distance regulation in VR, extending proxemics theory to group
interactions and dynamic social contexts (Nolte et al., 2025).

These differences are often interpreted through broader cultural frameworks, where collectivistic
contexts tend to emphasize interpersonal awareness, coordination, and sensitivity to others in shared
environments (Markus & Kitayama, 1991; Triandis, 2018). Together, these findings indicate that
immersive environments do not neutralize cultural differences but instead reproduce and sometimes
amplify culturally specific interaction patterns. This has important implications for shared immersive
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experiences, where coordination, safety perception, and social awareness may be shaped not only by
system design but also by culturally informed expectations of interpersonal behavior.

Prior research points to three complementary insights. First, while location-based VR enhances
agency through natural movement and co-location, these features introduce embodied and interper-
sonal risks that transcend simple collision avoidance (Mangalam et al., 2024). Second, theories of
embodiment and controlled risk suggest that engaging experiences rely on a calibrated tension between
arousal and control, meaning that a user’s sense of safety is an active, ongoing accomplishment rather
than a static guarantee (Makani et al., 2024). Third, social presence in shared physical spaces is critical;
mutual awareness and coordination are central to both the quality of the experience and the mainten-
ance of safety (Deng et al., 2024).

A critical gap remains in understanding how users dynamically regulate safety in shared location-
based VR environments, where physical movement, system boundaries, and co-located interaction
intersect. Specifically, it remains unclear how users interpret boundary cues, how they shift reliance
between system feedback and interpersonal coordination, and under what conditions managed uncer-
tainty enhances rather than undermines immersive experience. Existing theories such as Flow
(Csikszentmihalyi, 1990) and Edgework (Lyng, 1990) offer important accounts of how challenge, uncer-
tainty, and perceived control contribute to engagement. However, these frameworks primarily concep-
tualize regulation as an individual process. In location-based VR, by contrast, maintaining engagement
requires users to negotiate uncertainty not only through individual appraisal but also through coordin-
ation with technological systems, spatial boundaries, and co-located others. Addressing this gap, the
present study examines safety as an experiential and socio-technical accomplishment that users continu-
ously negotiate in situated immersive interaction. From this analysis, we develop a dynamic account of
safety regulation in location-based VR and derive design implications for balancing experiential inten-
sity with actionable safety.

3. Methods
3.1. Study design

This study draws on a qualitative investigation and employs thematic analysis to explore how users
experience and negotiate safety within shared immersive environments. Given the exploratory nature of
the research questions (see Table 1), qualitative methods were chosen to capture participants’ subjective
interpretations of bodily perception, uncertainty, and social interaction during location-based VR
experiences.

This study was conducted in accordance with the principles of the Declaration of Helsinki. Ethical
approval was obtained from the Research Construction and Development Department at The Hong
Kong University of Science and Technology (Guangzhou) (Protocol No. HKUST(GZ)-HSP-2025-0320).
All procedures complied with institutional and national guidelines for research involving human
participants.

3.2. Participants

Participants were recruited using purposive sampling to capture a range of relevant experiences
(Patton, 1990). Eligibility criteria required participants to be aged 18 or above and to have experienced
location-based VR at least once. Recruitment was conducted through social media platforms (e.g.,
Xiaohongshu/Rednote) as well as university communities in mainland China, Macao, and Hong Kong.

A total of 49 participants took part in the study (27 female, 22 male), representing diverse profes-
sional and cultural backgrounds, including designers, researchers, engineers, lawyers, animators, and
journalists. Among them, 35 were general users, and 14 were domain experts (see Table 2).

Participants referred to a range of location-based VR experiences, including cultural heritage recon-
structions such as Horizon of Khufu, Luoyang VR, Eternal: Notre-Dame, Titanic: Echoes from the Past,
Wow! Sanxingdui, and Chinese Journey: Beijing Central Axis; science-oriented experiences such as Space
Explorers: The Infinite; and interactive narrative experiences such as The Castle of Lost Times and Love
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Table 1. Broad interview questions.

Physical Insecurity
e During the experience, was there a specific moment where you suddenly hesitated to move forward? How did your body feel at that
moment?
e How did you judge whether you were going to hit a real wall or a person? Did that worry stop you from fully enjoying the game?
Psychological Anxiety
e Did you feel like you were in total control the whole time? Was there any moment where you felt panicked or uncertain?
e How did it feel emotionally to be completely cut off from the real world while wearing the headset?
e Did looking at your virtual “self” feel weird or awkward? Were there any movements that just didn’t feel right?
Social Anxiety
e Were you conscious of the staff or other people watching you from the outside? Was that feeling strong?
e Did you worry that you might look silly making movements in the real world? Did that hold you back?
Safety Needs
e When you felt scared or unsure, what did you instinctively do to make yourself feel safer?
If you could add one feature to make people feel safe enough to run freely in this space, what kind of alert or warning would you add?

Table 2. Participant details.

Formats Gender Age Medium
No. Categories Indiv. Groups M F 18-30 31-40 41+ In-p. Online
1 Users 30 5 13 22 17 15 3 11 24
2 Experts 7 7 9 5 7 5 2 14 0

Total number of interviews 49

Between Fairy and Devil. Although these experiences differed in narrative content, historical setting,
and interaction design, they shared several characteristics central to the present analysis: embodied
movement through physical space, spatial navigation, environmental exploration, and real-time engage-
ment within a location-based setting. These common features provided a comparable basis for examin-
ing safety regulation across experiences, while genre-specific differences were treated as contextual
variations rather than primary analytical categories.

While this recruitment strategy ensured access to participants with direct experience of loca-
tion-based VR, the sample may be somewhat skewed toward individuals who are relatively famil-
iar with immersive technologies. As the study adopts a qualitative design, the findings are
intended to provide analytically transferable insights into users’ experiences rather than statistic-
ally generalizable results.

Although participants included both domain experts and general users, we examined whether expert
and general-user accounts differed thematically by comparing coded excerpts across participant catego-
ries during the later stages of analysis. We reviewed category-specific coding matrices and analytic
memos for differences in safety regulation, uncertainty management, and interpersonal coordination.
Experts sometimes used more technical terminology, but no theme or subtheme appeared consistently
in one group and not the other. Consequently, participants were treated as a single analytical sample,
and the expert/general-user distinction was retained only to ensure experiential diversity rather than for
comparative analysis.

Informed consent was obtained from all participants before their involvement in the study. Given
the conversational nature of the semi-structured interviews and focus groups, consent was obtained
either orally or in writing. Participants were informed of the purpose of the study, the voluntary nature
of their participation, their right to withdraw at any time without penalty, and the use of audio record-
ing. All data were anonymized before analysis.

3.3. Data collection

Data were collected through 37 semi-structured interviews and three focus groups (n=12; four partici-
pants per group). Semi-structured interviews were used to capture participants’ detailed personal expe-
riences, emotions, and reflections on location-based VR. Focus groups complemented the interviews by
encouraging participants to collectively discuss, compare, and negotiate their interpretations of safety,
uncertainty, and social interaction, allowing shared experiential patterns to emerge through group dis-
cussion. Participant observation and field notes further provided contextual evidence for interpreting
participants’ accounts and enabled methodological triangulation across multiple qualitative data sources.



8 e Z. LEI AND S. L

Interviews and focus groups were conducted both online and offline using video conferencing platforms
(e.g., WeChat and Tencent Meeting) or in-person meetings. Interviews lasted between 28 and 185 min
(M =66 min) and were conducted in Chinese.

Participants were recruited based on their prior experience with location-based VR. Interviews there-
fore involved retrospective accounts of immersive experiences that had occurred at varying time inter-
vals before the interview. While the exact time elapsed since participation varied across individuals, the
study focused on memorable moments of uncertainty, safety regulation, and social coordination that
participants could recall and reflect upon in detail.

To enrich the dataset, interviews were complemented by participant observation, field notes, session
recordings, and publicly available materials such as promotional content and user-generated posts. In
addition, the researcher engaged in first-hand experience of several location-based VR environments to
develop contextual understanding of embodied sensations, uncertainty, and social interaction. These
experiences were used to support interpretation rather than as primary data sources.

3.4. Data analysis

The interview transcripts, focus group discussions, and observational notes were transcribed verbatim
and analyzed using thematic analysis, supported by NVivo 15. The analysis aimed to identify recurring
patterns related to safety perception, uncertainty regulation, and social coordination in immersive
environments.

The analytic process followed an iterative, multi-stage approach. First, the researchers familiar-
ized themselves with the data through repeated readings of the transcripts. Initial open coding was
then conducted to identify segments related to bodily awareness, spatial orientation, environmental
cues, system reliability, interpersonal coordination, fear, and perceived control. Second, codes were
iteratively grouped into broader thematic categories capturing shared experiential patterns. During
this stage, particular attention was paid to how participants described the tension between uncer-
tainty and immersion, as well as how they maintained a workable sense of safety during action.
Third, emerging themes were refined through constant comparison with the original transcripts to
ensure that the thematic structure remained grounded in participants’ accounts.

During thematic analysis, participants were not assigned to discrete experiential zones. Rather, the
three-zone framework emerged inductively from recurring patterns across participants’ narratives of
different moments of immersive experience. Through iterative coding and comparison, experiences
characterized by low perceived threat, high environmental predictability, and minimal attentional
demand were grouped into the Comfort Zone; experiences involving manageable uncertainty, moder-
ate attentional mobilization, and sustained engagement were grouped into the Optimal Experience
Zone; and experiences marked by loss of control, disorientation, or perceived inability to act effect-
ively were grouped into the Panic Zone. The three zones were therefore treated as analytical
abstractions derived from recurring experiential patterns across multiple participants and different
location-based VR experiences, rather than as classifications of participants or as stages within a sin-
gle participant trajectory.

Figures 2 and 3 summarize the analytical pathway from raw qualitative data to the final theoretical
framework. Figure 2 illustrates how initial open codes were iteratively grouped into subthemes and
abstracted into higher-order themes. Figure 3 shows how these themes informed the development of
the Three-Zone Framework and subsequently the Conceptual Model of Safety Regulation.

To enhance the credibility of the analysis, methodological triangulation was employed by inte-
grating evidence from interviews, focus groups, observational notes, experience diaries, and field
recordings. Two researchers independently coded a subset of transcripts and resolved coding differ-
ences through discussion until consensus was reached. Representative quotations are presented
throughout the Findings section to demonstrate how the reported themes were grounded in partici-
pants’ accounts. The analysis continued until additional data no longer generated substantively new
themes.
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Subthemes

Initial Open Codes Relaxation

Participants Data Collection Bodily Awareness Groundedness Themes
N=49 Interviews Spatial Orientation 'Tzzlfrf System Safety
Prior location-based Focus Groups Fse);srtzmcgrl:gzl Isolation Embodied Safety
VR experience i Lo -
p Observation Social Coordination Disorientation Interpersonal Safety
Vigilance

Figure 2. Analytical procedure used to derive higher-order themes from qualitative data. Note: Representative examples
of initial open codes and subthemes are shown for illustrative purposes. Through iterative coding and constant com-
parison, subthemes were abstracted into three overarching themes that informed the subsequent theoretical
framework.

Three-Zone Framework

Themes (Experiential Patterns) Conceptual Model of

ESystzmngfityt Comfort Zone Safety Regulation in

mbodied Safety Optimal Experience Location-Based VR
Interpersonal Safety Panic Zone

Figure 3. Development of the theoretical framework. Note: The three-Zone framework emerged inductively from recur-
ring experiential patterns identified across the three themes. These experiential patterns subsequently informed the
development of the Conceptual Model of Safety regulation in location-based VR.

4. Findings

The findings are organized around two related analytical outcomes. First, participants’ accounts
revealed three recurring experiential patterns, conceptualized as the Comfort Zone, Optimal Experience
Zone, and Panic Zone. These zones describe how perceived threat, environmental clarity, attentional
demand, and controllability shaped participants’ sense of embodied safety in location-based VR (see
Figure 4). Second, the findings show that participants regulated safety dynamically by shifting reliance
between system-based cues and interpersonal coordination, forming the basis of the Conceptual Model
of Safety Regulation (see Figure 5). Together, these findings suggest that safety in location-based VR is
not simply a precondition for immersion, but an ongoing experiential accomplishment negotiated
through perception, action, and social coordination.

4.1. Three-zone experiential framework

Participants’ accounts revealed recurring patterns in how fear and uncertainty were experienced in loca-
tion-based VR. Rather than simply reflecting emotional intensity, these experiences depended on how
participants evaluated the manageability of potential real-world consequences during interaction. When
spatial orientation was clear and physical boundaries could be verified, participants tended to feel reas-
sured and in control. In contrast, when orientation cues became limited or bodily coordination with
others was disrupted, uncertainty became more difficult to manage and began to reshape participants’
sense of agency, attention, and willingness to act.

Table 3 summarizes the relationship between the three experiential zones, their defining characteris-
tics, and representative participant accounts. These experiential patterns suggest that the dynamic inter-
play between perceived threat and perceived controllability shapes immersive experiences. The Comfort
Zone describes moments when participants felt environmentally grounded, physically stable, and able
to act without significant safety-related monitoring. The Optimal Experience Zone describes moments
in which uncertainty remained present but manageable, allowing participants to sustain action, engage-
ment, and immersion without losing a sense of control. The Panic Zone describes moments in which
uncertainty exceeded participants’ perceived capacity to understand or respond effectively to the
environment, resulting in disorientation, hesitation, or withdrawal. Figure 4 summarizes the resulting
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Figure 4. Three-zone framework of safety.
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Figure 5. This figure presents a conceptual model derived from thematic analysis. The arrows represent conceptual
relationships rather than statistically validated causal pathways or directly observed temporal transitions. Dashed arrows
indicate the proposed compensatory interplay between System safety and Interpersonal safety.

three-zone framework and illustrates how participants’ ongoing assessment of the manageability of real-
world consequences shaped their experiences.

The three zones should not be interpreted as a fixed sequence through which participants necessarily
progress. Rather, they represent analytically distinct experiential patterns that emerged across partici-
pants’ accounts through thematic analysis. Immersion emerges not from either comfort or panic, but
from the workable range between them. Although some participants” accounts reflected features associ-
ated with more than one zone, the present study did not treat the zones as a temporal sequence or as a
model of movement between them. The framework is therefore intended primarily as a thematic
abstraction derived from recurring experiential patterns rather than a direct representation of observed
experiential trajectories or a classification of participants themselves.

4.1.1. Comfort Zone
In the Comfort Zone, participants relied on cues from the physical environment to regulate their
responses to virtual threats. When the experience took place in a visible and socially shared setting,
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participants tended to interpret the situation as controlled and low-risk. Fear was therefore reduced
and replaced by reassurance. However, this perceived safety often weakened immersion, as attention
remained partly anchored to the real-world environment rather than the virtual scenario. As P12
explained:

Overall, at a conscious level and even subconsciously, I knew I was in a public environment, and I could
also see other players... I knew other people were there to play too, so overall, I wasn’t that scared, the fear
wasn’t that strong.

Participants framed the experience through cues of situational safety. The visibility of other players and
the shared physical space signaled that potential risks were limited and socially monitored.

At the same time, these same cues could disrupt immersion. When companions appeared as visible
markers within the environment, participants became more aware of the surrounding physical space
and reported a break in engagement. As P23 noted:

I felt reassured and bold, and I forgot... forgot what was happening in the space you’re actually in. But if
there are people around you, your companions show up as a blue shadow, and I think that reduces the
experience ... it kind of snaps you out of it. If that person wasn’t there, you'd forget reality.

These accounts illustrate a central tension within the Comfort Zone: cues that reassure participants
about physical safety can simultaneously remind them of the real-world environment, shifting the
experience from uncertain exploration toward a more controlled simulation.

4.1.2. Panic Zone

The Panic Zone emerged when participants experienced a loss of agency. When perceptual cues became
limited or ambiguous, participants found it difficult to interpret their surroundings and act confidently.
In these situations, fear was not primarily driven by the virtual narrative but by the disruption of basic
action capacities, particularly maintaining spatial orientation and locating companions. As a result,
uncertainty shifted from suspense to a condition participants felt unable to manage.

This loss of control was often first expressed as concern about physical collisions within the shared
venue. When several groups occupied the same space, participants depended on system-mediated cues
to track the proximity of others. Without these cues, the situation was interpreted less as part of the
game and more as a risk to bodily safety. As P17 noted, the absence of virtual representations of
strangers made the possibility of “bumping into people” more salient than the intended excitement of
the experience.

Panic also took on a relational dimension. Anxiety intensified when restricted perception intersected
with responsibility for a companion, particularly a child. As P2 explained:

I need to ensure the environment inside is safe, right? With my child inside, even if I'm not holding his
hand, there shouldn’t be any risk. Because I'm in there, as a mother, if I'm blindfolded [in total darkness]
and my son goes missing, where would I even look?

These situations illustrate that the Panic Zone was not defined by the intensity of virtual horror
but by the erosion of participants’ ability to interpret their surroundings and act with confidence.
When uncertainty undermined their capacity to anticipate hazards or coordinate with others, con-
trollable fear gave way to panic, often leading participants to disengage from the immersive
experience.

4.1.3. Optimal experience
The Optimal Experience describes moments in which participants experienced heightened arousal while
maintaining a sense of control over their actions. In this state, the challenges and tension of the virtual
scenario were clearly perceived, yet the situation remained manageable. So uncertainty functioned not
as an overwhelming threat but as a form of suspense that encouraged exploration, engagement, and a
willingness to test personal limits.

One factor supporting this state was VR’s capacity to make otherwise impossible actions feel safe
enough to attempt. Participants recognized that behaviors such as crossing unstable structures or
approaching virtual hazards would rarely be attempted in everyday life. Within VR, however, these
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actions became experimentally accessible because the potential consequences were perceived as limited.
As P10 explained, “You clearly know this is something you would absolutely never do in your real life...
but in VR you can actually go try it, to challenge yourself. This feeling is very special!”. The perception
that risks were bounded enabled participants to engage with threatening scenarios while maintaining
confidence in their ability to act.

Sustaining this state often required participants to stabilize their sense of safety while confront-
ing intense sensory stimuli. Even when they understood cognitively that the environment was safe,
many sought physical confirmation through contact with nearby boundaries. These grounding
behaviors helped regulate embodied reassurance without interrupting the experience. As P18
noted:

The visual impact was quite intense... although rationally I knew it was safe, and that there was a wall
right next to me, I would still touch it with my hand first to confirm safety... knowing the wall was there
actually made me feel much more grounded!

Optimal Experience was also supported through social interaction. Communication among compan-
ions functioned as a form of coordination and reassurance, helping participants remain in a tense but
manageable state rather than slipping into panic. As P10 described, “The communication was all about
mutual protection; it was very united and felt very warm ... whenever something was thrilling, there was
that sense of mutual support.”

In this zone, fear was not removed but regulated. Optimal Experience emerged when virtual threats
remained credible enough to sustain emotional engagement while participants retained the ability to
interpret the environment and act effectively. Under these conditions, uncertainty became a motivating
element of the experience rather than a destabilizing force.

Taken together, the three experiential zones reveal a fundamental tension in location-based VR expe-
riences. When the environment is perceived as fully safe and predictable, participants often remain
aware of the physical setting, which reduces emotional engagement. Conversely, when uncertainty esca-
lates beyond users’ ability to orient themselves or coordinate with others, the experience shifts from
suspense to panic, and participants tend to withdraw. These patterns suggest that immersive engage-
ment does not arise from the elimination of uncertainty, but from maintaining it within a workable
range. In other words, the conditions that sustain immersion simultaneously require the presence of a
credible threat and the preservation of users’ ability to act. This tension constitutes a safety paradox:
immersive experiences depend on uncertainty and perceived risk, yet they can only be sustained when
users continue to feel sufficiently safe to act within the environment.

4.2. Conceptual Model of Safety regulation

The safety paradox identified above suggests that participants described maintaining immersive
engagement by balancing credible threats with a workable sense of safety. To summarize these recur-
ring experiential patterns, we propose a qualitative conceptual model of safety regulation in location-
based VR. Our analysis indicates that participants relied on two recurring resources during this
regulatory process: cues provided by the VR system and coordination with companions. Rather than
representing a fixed condition, safety emerged as an ongoing process of adjustment. Participants con-
tinuously calibrated their engagement to maintain a workable level of Embodied Safety—high enough
to prevent panic or withdrawal, yet sufficiently constrained to preserve the tension that sustains
immersion.

As illustrated in Figure 5, the conceptual model organizes recurring qualitative themes around two
primary safety resources: System Safety and Interpersonal Safety. The arrows indicate conceptual rela-
tionships among System Safety, Interpersonal Safety, Embodied Safety, Controlled Insecurity, and
Immersive Experience; they do not represent statistically validated causal pathways or an empirically
observed temporal sequence. Our findings indicate that participants continuously adjusted reliance
between technological cues and interpersonal support to maintain Embodied Safety under changing
experiential conditions, suggesting that safety regulation can be understood as involving the ongoing
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redistribution of reliance across these complementary resources rather than through a single source of
reassurance. We define the model’s three core constructs as follows:

e System Safety: The perceived reliability and legibility of the VR system, including the clarity of
physical-virtual boundaries, the responsiveness of sensory feedback, and the predictability of action—
consequence relationships.

e Interpersonal Safety: Safety resources derived from companions, such as informational guidance,
emotional reassurance, and physical coordination (e.g., tactile contact or synchronized movement).

e Embodied Safety: The immediate bodily sense that one can act without imminent physical harm.
This experiential state differs from cognitive certainty; participants may intellectually understand
that a situation is safe while still lacking a bodily sense of security.

These constructs were derived from recurring experiential patterns identified across the themes and
subthemes summarized in Table 3. Representative examples include relaxation, vigilance, and sense of
control for System Safety; relief, interpersonal warmth, and isolation for Interpersonal Safety; and
groundedness, disorientation, and somatic tension for Embodied Safety.

Within this regulatory process, Embodied Safety functions as the experiential condition that enables
what we term controlled insecurity. Controlled insecurity refers to a state in which uncertainty and
potential threat remain perceptible yet manageable. Rather than eliminating risk, participants main-
tained engagement by keeping perceived danger within a range that remained actionable and reversible.
When this balance was achieved, the experience was often described as thrilling, engaging, and immer-
sive. In this sense, controlled insecurity represents the regulatory condition through which location-
based VR experiences sustain immersive engagement.

4.2.1. Compensatory relationship between system and interpersonal safety

The compensatory relationship between System Safety and Interpersonal Safety became visible in how
participants adjusted their reliance on different resources under changing experiential conditions.
Rather than depending consistently on either technological cues or interpersonal support, participants
moved between these resources to maintain a workable sense of Embodied Safety. We observed this
mechanism across four distinct patterns:

e Interpersonal coordination compensates for sensory deficits. When the system provided insuffi-
cient sensory information (e.g., complete darkness), participants relied on companions to navigate
the environment. As P12 described: “When we first went in... it was pitch black ... so several of us
held hands and went in like that.” In this situation, physical contact substituted for missing system
cues and enabled coordinated movement.

e System constraints strengthen interpersonal coordination. Limited sensory input often increased
attention to companions. Participants relied more strongly on one another to maintain orientation
and reassurance. As P2 explained: “Because we couldn’t see anything... It’s like a blind person’s
perspective... so at this time, we relied on each other more.”

o Interpersonal observation validates system affordances. Companions also served as reference
points for interpreting environmental risks. Observing others interact with potential hazards pro-
vided indirect confirmation of the system’s safety limits. As P6 noted: “You can clearly see some peo-
ple... walking towards the cliff... After letting others pass, those behind [adjusted their behavior].”

o Technological acclimation reduces reliance on companions. As participants became more familiar
with system cues, their reliance on interpersonal coordination often decreased. This pattern reflects
the reversible nature of the compensatory relationship between system and interpersonal safety. As
P21 remarked: “But later he didn’t pull me anymore, feeling that the environment inside was safe.”

Taken together, these four patterns provide empirical grounding for the compensatory relationship
between system and interpersonal safety proposed in the Conceptual Model of Safety Regulation. They
show that Embodied Safety was maintained not through either technological reliability or interpersonal



16 e Z. LEI AND S. LI

support alone, but through participants’ shifting reliance on both resources under changing experiential
conditions. However, this compensatory mechanism had limits. When system cues remained unclear
and social support was simultaneously absent, participants reported heightened bodily tension and a
tendency to withdraw from the experience.

4.2.2. Controlled insecurity

The regulatory process described above produces a characteristic experiential condition that we term
controlled insecurity. We conceptualize controlled insecurity as a state in which perceived threats
remain credible while users retain sufficient Embodied Safety to act within the environment, thereby
sustaining immersive engagement. In relation to the three-zone framework, controlled insecurity corre-
sponds most closely to the Optimal Experience zone, where perceived threat remains present but man-
ageable. By contrast, the Comfort Zone reflects situations in which uncertainty is largely contained,
whereas the Panic Zone emerges when uncertainty exceeds participants’ perceived capacity to act
effectively.

System Safety plays an important role in enabling this condition. Participants reported relying on
predictable system boundaries to maintain a sense of control when confronting physically demanding
or risky virtual situations. These cues allowed them to attempt actions that would normally be avoided
in everyday life. As P34 explained, “You clearly know that this is something you would absolutely not do
in real life... but in VR you can try it... This feeling is very special.” At the same time, cognitive aware-
ness of safety was often not sufficient on its own. Participants frequently used grounding behaviors,
such as touching nearby physical surfaces, to stabilize their sense of embodied security during intense
moments.

A central experiential condition underlying this process was the balance between credible threat and
perceived containment. When the experience lacked convincing consequences, participants reported
reduced tension and engagement. As P2 noted, “I found that I still didn’t feel like falling... and my feet
were actually safe.” Conversely, when threats remained believable but were clearly bounded by system
and social cues, participants remained willing to act despite fear. As P4 described, “I knew that was a
fake suspension bridge... so I strode directly over it.”

Immersion in location-based VR emerges when uncertainty is maintained within a workable range
rather than eliminated. In this state, threats remain credible enough to sustain attention, emotional
arousal, and exploratory behavior, while still allowing participants to act with confidence. By keeping
uncertainty within this workable range, users remain alert, socially responsive, and engaged with the
environment. In this sense, controlled insecurity represents the experiential condition through which
the safety paradox of immersive engagement is stabilized.

5. Discussion

This study examined how users experience and regulate perceived safety in location-based VR environ-
ments. The findings revealed that participants’ experiences tended to organize into three recurrent
experiential states—comfort, panic, and optimal engagement—depending on how manageable the situ-
ation felt in relation to real-world consequences. Beyond describing these states, the analysis also identi-
fied a dynamic regulatory process in which users maintained a workable sense of embodied safety by
drawing on both system cues and interpersonal coordination. Together, these findings suggest that
immersive engagement in location-based VR does not arise simply from the absence of risk but from
the regulation of uncertainty within a manageable range. In the following sections, we discuss how
these insights extend existing theories of immersion, risk perception, and embodied interaction in
immersive environments.

5.1. Reconsidering safety in immersive environments

Research on immersive media has shown that moderate levels of uncertainty or risk can enhance
engagement (Breves & Schramm, 2021; Leder et al., 2019; Xu et al., 2025). However, existing frame-
works primarily conceptualize engagement in psychological terms and provide limited insight into how
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users remain capable of acting under uncertainty in hybrid physical-virtual environments where real
bodily consequences are possible. Our findings extend this perspective by showing that engagement
depends not only on perceived challenge but also on users’ ability to maintain actionable control
through embodied and social regulation.

In location-based VR, users must not only experience excitement or challenge but also continuously
regulate their sense of physical safety while navigating an environment that blends virtual threat with
awareness of the physical world. This pattern points to a safety paradox: although VR design traditionally
prioritizes seamless and absolute safety to preserve usability (Giaretta, 2024; Kim & Rhiu, 2024), eliminat-
ing uncertainty may also remove the very conditions that enable immersive engagement and social bond-
ing. Rather than treating safety and risk as binary opposites, we conceptualize them as a dynamic tension
within hybrid physical-virtual environments. In this framing, a calibrated degree of “unsafety” functions
not as a defect but as a design resource that sustains immersion through the shared negotiation of risk.

The safety paradox shares affinities with theories of optimal arousal and flow, insofar as all three
perspectives recognize that engagement may depend on a calibrated relation between challenge, uncer-
tainty, and perceived control (Chapman et al., 2025; Zhang et al., 2024). However, the mechanism iden-
tified in this study differs from these primarily psychological accounts. Whereas optimal arousal and
flow emphasize the regulation of stimulation, challenge, skill, or competence at the level of individual
experience, the safety paradox concerns how users maintain actionable control under conditions where
virtual uncertainty has possible real-world bodily consequences. In location-based VR, maintaining
engagement requires users to regulate embodied safety while coordinating between system-based cues,
spatial boundaries, and interpersonal resources. Safety regulation, therefore, becomes a socio-technical
process rather than a purely individual one.

In traditional digital media, perceived risk is largely symbolic (Kruzan & Won, 2019; Pimentel &
Kalyanaraman, 2024). In contrast, location-based VR introduces a distinctive risk structure in which
virtual scenarios unfold within shared physical space. Participants must navigate real walls, avoid phys-
ical collisions, and coordinate movement with other bodies whose locations are only partially inferred
through mediated cues. Under these conditions, uncertainty cannot be treated merely as a narrative or
emotional stimulus. Instead, it becomes intertwined with the user’s bodily capacity to move safely
within the environment.

Hence, our findings suggest that safety in immersive environments should not be understood pri-
marily as the elimination of risk. Rather, safety functions as an ongoing regulatory process through
which users continuously evaluate whether uncertainty remains manageable. This evaluation is not
purely cognitive but deeply embodied. Participants monitor spatial orientation, physical stability, and
the proximity of others while navigating the environment, adjusting their behavior in response to
changes in perceived controllability. Immersion emerges when uncertainty remains credible enough to
sustain emotional arousal while still allowing users to maintain confidence in their ability to act.

This perspective reframes safety as a condition that enables rather than constrains immersive engage-
ment. When uncertainty is reduced too extensively, the experience may become overly predictable or
overly protective, weakening emotional intensity and diminishing the sense of exploration. Conversely,
when uncertainty exceeds users’ capacity to interpret the environment or coordinate with others, fear
becomes destabilizing and engagement collapses. Thus, immersive experience depends on maintaining
uncertainty within a workable experiential range rather than eliminating it.

The three-zone framework identified in this study illustrates how this dynamic becomes visible in
users’ experiences. Within this framework, engagement emerges between two forms of experiential fail-
ure: excessive safety that weakens immersion and excessive uncertainty that undermines users’ sense of
agency. Rather than representing a simple typology of emotional states, the framework reflects the
experiential manifestation of the safety paradox: the ongoing tension between perceived threat and per-
ceived safety that structures immersive interaction in hybrid environments.

5.2. Controlled insecurity as a mechanism of immersive engagement

While the safety paradox describes the structural tension between perceived danger and perceived safety
in immersive environments, controlled insecurity offers one interpretation of how this tension may be
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regulated during user interaction. Building on theories of embodied interaction, risk-based engagement,
and social presence (Bastian et al., 2014; Benford et al., 2012; Kilteni et al., 2012), we conceptualize con-
trolled insecurity as an experiential condition in which perceived threats remain credible enough to sus-
tain attention and emotional arousal, while users retain sufficient embodied security to act within the
environment.

This regulatory process is grounded in the embodied and relational management of safety. Rather
than focusing on the balance between skill and challenge, users must maintain a bodily sense that their
actions remain physically manageable within the environment. Even when participants cognitively rec-
ognize that the situation is safe, they frequently seek tactile confirmation, such as touching nearby
walls, adjusting posture, or coordinating movement with companions, to stabilize this sense of security.
These behaviors indicate that engagement is sustained not only through psychological appraisal but
through ongoing embodied and social regulation of safety in hybrid environments.

Second, controlled insecurity highlights the socio-technical mechanisms through which this state is
maintained. In location-based VR, safety is not regulated by the system alone. Instead, users dynamic-
ally combine two complementary resources: system cues and interpersonal cues. Environmental signals
such as spatial boundaries, physical props, and sensory feedback provide the infrastructural basis for
spatial orientation, enabling users to infer where it is safe to move. At the same time, companions func-
tion as an additional layer of safety regulation by offering reassurance, guidance, and behavioral cues
that help participants interpret ambiguous situations. These practices resonate with prior accounts of
socially negotiated safety and mutual awareness in shared immersive environments (Tietenberg et al.,
2025; Wienrich et al., 2018).

The Conceptual Model of Safety Regulation proposed in this study describes how these resources
interact to stabilize immersive engagement. When system cues become unclear or unreliable, partici-
pants often compensate by increasing their reliance on interpersonal coordination, for example, through
verbal communication, synchronized movement, or physical contact. Conversely, when social coordin-
ation is limited, clear system cues allow individuals to maintain confidence in their actions. Through
this shifting balance, users preserve a sense of embodied safety that enables them to remain engaged
even in the presence of perceived threats.

From this perspective, immersion in location-based VR emerges not simply from exposure to danger
but from the successful stabilization of uncertainty. Controlled insecurity describes the experiential state
in which uncertainty remains perceptible and emotionally engaging while the environment continues to
support the user’s ability to act. Under these conditions, fear functions as a motivating rather than
destabilizing element, echoing earlier observations that managed discomfort and risk can deepen
engagement and strengthen social connection in interactive experiences (Benford et al., 2012).

Taken together, these findings suggest that immersive engagement in hybrid environments depends
on the active stabilization of the tension between perceived threat and perceived safety. Controlled inse-
curity, therefore, explains how users regulate this tension in practice, sustaining immersion by main-
taining uncertainty within a range that remains experientially manageable.

5.3. Socio-technical regulation of safety in location-based VR

The findings indicate that safety in shared immersive environments is not simply a background condi-
tion of the experience. Instead, safety emerges through the interaction between technological infrastruc-
ture and social relations within the environment. Previous research on VR has often conceptualized
safety and comfort as individual perceptual states, focusing on factors such as simulator sickness (Van
Gemert et al.,, 2024) or individual risk tolerance (Singh et al., 2025). While these perspectives provide
important insights into user experience, the empirical observations in this study suggest that embodied
safety in location-based VR cannot be adequately understood at the level of the individual alone.
Rather, safety is jointly produced through the coordinated interaction of participants within the medi-
ated space.

Beyond the practical coordination described in the Conceptual Model of Safety Regulation, these
interactions also reveal a broader dynamic of shared vulnerability. When users enter hybrid environ-
ments in which direct visibility of the physical world is partially restricted, they become mutually
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Figure 6. Conceptual framework.

dependent on others to maintain spatial orientation and avoid potential hazards. Prior research indi-
cates that shared vulnerability can promote trust, empathy, and cooperative behavior among partici-
pants (Brown & Levinson, 1987; Smith & Mackie, 2015). In the context of this study, moments of
uncertainty or perceived risk not only challenge participants’ sense of control. They also encourage par-
ticipants to communicate, coordinate their movements, and assist one another. Through these practices,
participants manage uncertainty collectively and strengthen their interpersonal connections during the
experience.

This interpretation also contributes to existing research on social presence. Social presence is com-
monly defined as the extent to which other individuals in mediated environments are experienced as
socially real and emotionally accessible (Biocca et al., 2003; Short et al., 1976). Previous research has
mainly emphasized representational factors such as avatar realism or communication channels (Nowak
& Biocca, 2003; Oh et al,, 2018). The present findings suggest an additional mechanism through which
social presence may develop. When participants jointly regulate safety in uncertain environments, their
awareness of others shifts from simple spatial awareness to relational dependence. Participants not only
perceive where others are located in the environment but also rely on them for guidance, reassurance,
and coordinated action. Under these conditions, social presence is strengthened through practical
cooperation in managing environmental uncertainty (Gonzalez-Franco & Lanier, 2017).

Taken together, these perspectives form a coherent conceptual framework for understanding how
safety operates in shared immersive environments (see Figure 6). The framework integrates four analyt-
ical levels. The safety paradox identifies the structural condition of immersive experiences in which per-
ceived threat and perceived safety must coexist. The three-zone framework provides an experiential
representation of this paradox by illustrating how immersive engagement emerges between excessive
safety and excessive uncertainty. Building on this structure, the concept of controlled insecurity explains
the mechanism through which users regulate this tension during interaction, maintaining uncertainty at
a level that remains experientially manageable while preserving the capacity for action. Finally, the
socio-technical regulation perspective highlights the collective processes through which this balance is
stabilized in practice, emphasizing the joint role of technological infrastructures and interpersonal
coordination in sustaining embodied safety within shared immersive environments and enabling
immersive engagement and social bonding to emerge.

5.4. Cultural context and transferability of safety regulation

An additional consideration concerns the cultural context in which the present observations were
made. All empirical data were collected in location-based VR venues in mainland China, Macao, and
Hong Kong—regions where the location-based VR industry has expanded rapidly, and immersive
entertainment venues have become widely accessible. Social norms regarding interpersonal proximity,
coordinated movement, and collective responsibility in these contexts may shape how users interpret
and regulate safety while navigating shared immersive environments.

Cross-cultural research suggests that people in more collectivistic cultural contexts often place greater
emphasis on interpersonal coordination and mutual monitoring when responding to uncertain situa-
tions (Markus & Kitayama, 2014; Triandis, 2018). In such settings, individuals tend to remain attentive
to the actions and well-being of others when navigating potentially risky environments. Research on
virtual interaction similarly indicates that users frequently carry real-world social norms into immersive
environments, including expectations regarding interpersonal distance, bodily coordination, and group-
oriented movement (Bailenson et al., 2003; Iachini et al., 2014; Yee et al., 2007, 2009). Within shared
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immersive spaces, these cultural orientations may encourage participants to rely more readily on com-
panions for reassurance, guidance, and coordinated action when confronting uncertain scenarios.

These tendencies are consistent with broader research suggesting that collectivistic cultural environ-
ments often foster cooperative forms of risk management, in which individuals actively monitor the
positions and safety of others while moving through uncertain environments (Markus & Kitayama,
2014; Triandis, 2018). In the context of location-based VR, such interactional norms may strengthen
Interpersonal Safety mechanisms by encouraging patterns of coordinated navigation, mutual awareness,
and collective orientation within immersive spaces.

These findings should be interpreted with attention to cultural context. While collectivistic norms
may amplify interpersonal coordination and mutual monitoring in shared immersive environments
(Norenzayan & Heine, 2005), they are unlikely to determine the existence of safety regulation itself.
Rather, cultural norms shape how safety is enacted during interaction, particularly in terms of interper-
sonal proximity, coordination, and social responsibility. As a result, users may vary in the extent to
which they rely on interpersonal versus system-based resources to maintain a sense of safety (Gong
et al., 2024). The socio-technical co-regulation of safety identified in this study may therefore extend
across diverse cultural settings, while manifesting through different interactional patterns.

Beyond cultural transferability, it is also important to clarify the intended scope of the proposed
framework. The concepts of Safety Paradox, Controlled Insecurity, and the Conceptual Model of Safety
Regulation are primarily intended for location-based VR experiences involving free movement, shared
physical space, and co-located interaction. Under these conditions, users must continuously negotiate
uncertainty arising not only from virtual content but also from the physical presence and movement of
others. The framework is therefore most relevant to immersive experiences in which bodily action, spa-
tial navigation, and interpersonal coordination jointly shape engagement.

By contrast, the framework may be less applicable to VR experiences that involve limited physical
movement or minimal interpersonal coordination, such as seated VR, 360-degree video experiences, or
single-user applications. In these contexts, uncertainty is more likely to arise from narrative, perceptual,
or task-related factors rather than from the management of shared physical space. Future research may
examine whether similar regulatory processes emerge in other forms of immersive media and investi-
gate how the relative importance of technological and interpersonal resources varies across different VR
contexts.

5.5. Design implications

The findings also offer several implications for the design of shared immersive environments, particu-
larly in location-based VR settings where users navigate hybrid physical-virtual spaces together. Rather
than treating safety solely as a technical constraint, designers may benefit from considering how safety
resources shape the experiential balance between uncertainty and control.

First, immersive systems may benefit from carefully calibrating the visibility of safety cues. While
boundary systems, physical props, and environmental feedback are essential for maintaining users’
embodied safety, overly explicit reminders of the physical environment can disrupt immersion. The
findings suggest that safety cues are most effective when they remain perceptible yet unobtrusive, allow-
ing users to verify their safety without continuously foregrounding the physical infrastructure of the
experience.

Second, immersive systems should support socio-spatial awareness among participants. In shared
environments, users frequently rely on companions for reassurance and coordinated movement when
navigating uncertain situations. Design features that facilitate awareness of others should prioritize
unobtrusiveness; for instance, subtle avatar proximity indicators or directional audio cues may allow
users to remain aware of companions’ locations without introducing overly explicit safety signals that
disrupt immersion. Such features help users maintain situational awareness while preserving the sense
of collective exploration.

Third, designers may consider structuring experiences in ways that sustain controlled insecurity
rather than eliminating perceived risk. The results indicate that immersion is often strengthened when
virtual threats remain credible while still allowing users to verify their safety through system cues or
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social coordination. Designing for this balance may enable experiences that remain intense and engag-
ing without overwhelming users’ sense of embodied manageability.

5.6. Implications for future empirical research

The mechanisms identified in this study suggest theoretical propositions that may guide future empir-
ical research on immersive environments. Although the present study adopts a qualitative approach,
the relationships revealed in our analysis can be translated into testable propositions using experimen-
tal, survey-based, or behavioral methods.

e Proposition 1: Moderate levels of perceived uncertainty in immersive environments are positively
associated with immersive engagement, whereas both very low and very high levels of uncertainty
reduce immersion. This proposition reflects the safety paradox identified in this study. When uncer-
tainty is eliminated, the experience may become overly predictable and fail to sustain emotional
intensity. Conversely, when uncertainty exceeds users’ ability to interpret their surroundings or
coordinate with others, fear may become destabilizing and disrupt engagement. Immersion, there-
fore, emerges when uncertainty remains within a manageable experiential range.

e Proposition 2: Embodied safety mediates the relationship between perceived uncertainty and
immersive engagement. Our findings indicate that uncertainty alone does not determine engage-
ment. Instead, users continuously evaluate whether they remain capable of acting safely within the
environment. When embodied safety is maintained, uncertainty can function as a source of excite-
ment and exploration. When embodied safety collapses, uncertainty is experienced as panic or loss
of control.

e Proposition 3: System Safety and Interpersonal Safety jointly contribute to the maintenance of
embodied safety in shared immersive environments. Participants relied on both technological cues
(e.g., spatial boundaries, environmental feedback) and interpersonal coordination (e.g., verbal
reassurance, synchronized movement) to regulate their sense of safety. These resources provide com-
plementary mechanisms that support users’ ability to act within uncertain environments.

e Proposition 4: System Safety and Interpersonal Safety function as compensatory mechanisms in the
regulation of embodied safety. When system cues become ambiguous or unreliable, users tend to
rely more heavily on interpersonal coordination. Conversely, when social coordination is limited,
clear technological cues allow individuals to maintain confidence in their actions. This compensatory
pattern may help users remain engaged even when one regulatory resource weakens.

Together, these propositions provide a theoretical foundation for future research examining how
uncertainty, safety perception, and social interaction jointly shape immersive experiences. Testing these
relationships through experimental manipulation, physiological measurement, or behavioral tracking
would help further refine the model proposed in this study.

6. Limitations and future work

Several limitations should be considered when interpreting the findings of this study. First, the analysis
primarily draws on semi-structured interviews, focus groups, and participant observation. These meth-
ods provided detailed insights into participants’ interpretations of their experiences but rely in part on
retrospective accounts. Because participants were interviewed at varying intervals following their loca-
tion-based VR experiences, perceptions of fear, uncertainty, and safety may have been influenced by
selective recall or post-hoc interpretation. Future research could complement these qualitative
approaches with behavioral tracking, physiological measures, or system log data to capture the
moment-to-moment dynamics of safety regulation during immersive interaction.

Second, the study was conducted in location-based VR venues in China. Although the immersive
works examined were produced in several countries, the social and cultural context of these venues
may shape how participants interpret interpersonal distance, group coordination, and responsibility in
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shared immersive environments. Cross-cultural studies in other geographical contexts would therefore
help to examine how the regulatory mechanisms identified here operate under different social norms.

Third, the findings are based on a qualitative sample of 49 participants across several immersive
experiences. While this approach enabled an in-depth examination of experiential processes, future
research could test and extend the proposed framework through larger-scale surveys, experimental stud-
ies, or comparative analyses across different types of immersive systems. Such work would help refine
our understanding of how embodied safety, social coordination, and technological cues interact to sup-
port immersive engagement in diverse environments.

Finally, the study includes several genres of location-based VR, including cultural heritage, science-
oriented, and interactive narrative experiences. Although these experiences shared embodied movement,
spatial navigation, and co-located interaction, genre-specific design features may influence the intensity
of fear, uncertainty, and immersion. For example, horror, adventure, or high-stakes narrative scenarios
may amplify perceived threat, whereas cultural heritage or educational experiences may produce milder
forms of uncertainty. Future research could compare genres more systematically to examine how con-
tent, pacing, and interaction design moderate safety regulation.

7. Conclusion

This paper has examined safety in location-based VR not as a static system requirement, but as a
dynamically regulated dimension of user experience. Our qualitative analysis demonstrates that partici-
pants do not seek absolute security. Instead, they calibrate their engagement to remain within a toler-
able range where uncertainty and fear are present yet manageable. Within this range, safety operates as
a core experiential mechanism that enables agency, sustains immersion, and strengthens social bonds
rather than undermining them.

By reframing safety as an embodied and socially negotiated process, this work contributes to
broader HCI discourse on embodiment and social presence. We highlight the limitations of treating
safety purely as a technical property, emphasizing the critical distinction between objective security
and the felt sense of being safe. For designers, this suggests a shift in focus: away from the total
elimination of uncertainty and toward supporting system legibility, interpersonal coordination, and
user agency. More broadly, this perspective invites researchers to reconsider the role of risk and
hesitation in immersive systems. When carefully regulated, uncertainty and vulnerability can func-
tion as resources that support meaningful, engaging, and socially grounded experiences in shared
virtual environments.
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