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Abstract 
Virtual reality (VR) is increasingly used for occupational safety and health (OSH) 
training, yet the VR laboratory itself is seldom treated as an exposure environ-
ment requiring systematic industrial hygiene management. This paper pro-
poses a conceptual framework that applies the Anticipate, Recognize, Evaluate, 
Control, and Confirm (ARECC) model to VR training labs, treating them as 
multi‑hazard workplaces with physical, chemical, biological, ergonomic, electri-
cal, and psychosocial exposures. The framework integrates a tiered exposure‑as-
sessment strategy ranging from qualitative screening to semi‑quantitative scales 
and quantitative, sensor‑based monitoring with engineering, administrative, and 
data‑governance controls tailored to immersive environments. Real‑time envi-
ronmental, biomechanical, and physiological data streams from sensors, weara-
bles, and eye tracking systems are used to construct multi‑domain exposure pro-
files and to verify the effectiveness of control measures. The application of the 
framework is demonstrated through a VR confined‑space entry training scenario 
in an industrial setting, showing how it can inform design decisions, operational 
policies, and continuous improvement across VR lab implementations. The pa-
per concludes with implications for research and practice, highlighting needs for 
standardized VR‑specific exposure metrics, empirical validation of the frame-
work across sectors, and development of guidance that aligns VR training facili-
ties with contemporary exposure‑risk management principles. 
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1. Introduction 

Immersive virtual reality (VR) systems are increasingly embedded in occupational 
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safety and health (OSH) training across industries including construction, min-
ing, manufacturing, transportation, and healthcare. Over the past several years, 
multiple reviews and empirical studies have shown that VR‑based training can 
improve hazard recognition, procedural knowledge, and learner confidence com-
pared with traditional lecture or slide based instruction, particularly for high risk 
and low frequency events such as confined space emergencies, chemical releases, 
or major equipment failures [1]. Recent work also suggests that VR can enhance 
knowledge retention and transfer by enabling realistic rehearsal of hazardous sce-
narios in a controlled environment, while supporting experiential and adult learn-
ing principles [2]. At the same time, regulatory and professional bodies generally 
treat VR as a supplement rather than a replacement for hands‑on, job‑specific in-
struction, emphasizing that training programs must still meet existing perfor-
mance and competency requirements in the real workplace. 

Despite these benefits, the rapid diffusion of VR into OSH training has out-
paced the development of systematic frameworks for managing health and safety 
risks within the VR laboratories and training rooms themselves [3]. Reports from 
educational, industrial, and clinical deployments consistently highlight familiar 
adverse effects: cybersickness (including nausea, disorientation, and headaches), 
eye strain, balance disturbances and falls, musculoskeletal discomfort from awk-
ward postures or heavy head‑mounted displays, and psychological strain when 
scenarios depict highly realistic accidents or emergencies [4]. In addition, VR labs 
share many of the same hazards as conventional laboratory spaces such as electri-
cal and fire risks from dense electronic equipment, trip hazards from cables and 
furniture, exposures to cleaning and disinfection agents used on shared headsets, 
and infection risks associated with high‑touch surfaces [5]. Current literature and 
vendor guidance typically address these concerns through lists of practical pre-
cautions (for example, clearing play spaces, scheduling breaks, or screening users 
with certain medical conditions), but they rarely embed VR training environ-
ments within a formal occupational hygiene process [3]. 

In parallel, occupational hygiene and exposure science are undergoing their 
own transformation driven by real‑time sensing, wearables, and analytics [6]. Di-
rect‑reading instruments, networked environmental sensors, and smart personal 
protective equipment increasingly enable continuous monitoring of physical and 
chemical agents, while advances in biomechanical sensing and physiological mon-
itoring allow ergonomic and psychosocial exposures to be quantified at a level of 
detail that was not previously feasible [6] [7]. Professional frameworks now em-
phasize tiered, exposure‑risk assessment and management cycles that integrate 
qualitative judgment, structured semi‑quantitative tools, and quantitative data 
from direct‑reading sensors, with explicit steps for verification and communica-
tion of control effectiveness [8]. However, these developments have largely been 
conceptualized for traditional industrial operations, laboratories, and field work, 
not for mixed digital–physical environments such as VR training labs. 

The widespread adoption of VR for safety training and the maturation of sen-
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sor‑enabled industrial hygiene creates both an opportunity and a gap. On one 
hand, VR technology offers powerful tools for simulating hazardous work, visu-
alizing otherwise invisible exposures, and rehearsing safe behaviors [1]. On the 
other hand, the VR lab itself functions as an exposure environment where users, 
instructors, and technical staff may accumulate physical, ergonomic, and psycho-
social loads that are seldom measured or managed systematically [3]. Existing 
work on “metaverse” and extended‑reality applications in occupational health has 
begun to catalogue potential risks and ethical concerns, particularly around fa-
tigue, cognitive overload, and intensive data collection, but has not yet articulated 
how these environments should be governed using established industrial hygiene 
principles [9]. 

This article proposes a conceptual framework that applies the Anticipate, Rec-
ognize, Evaluate, Control, and Confirm (ARECC) model to VR training labs [10]. 
The framework treats the VR lab as a multi‑hazard workplace and integrates 
tiered exposure assessment with real‑time sensor technologies to support evi-
dence‑based control of physical, chemical, biological, ergonomic, electrical, and 
psychosocial hazards. In this context, the framework adopts an expanded view of 
“exposure” that goes beyond traditional chemical and physical agents to include 
the ergonomic, cognitive, and psychosocial loads generated by immersive VR 
tasks and interfaces. By treating cybersickness, visual fatigue, cognitive overload, 
and stress responses as exposure domains alongside physical, chemical, biological, 
and electrical hazards, the model aligns VR labs with contemporary Total Worker 
Health (TWH) programs in industrial hygiene [11]. The aims of the paper are 
threefold: 1) to synthesize emerging evidence on VR‑related health and safety risks 
and on sensor‑based exposure assessment relevant to VR labs; 2) to adapt and 
extend contemporary exposure‑risk management concepts into a structured 
model suitable for academic, industrial, and clinical VR training environments; 
and 3) to illustrate the application of this model through a worked example and 
practical design and operational guidance. By reframing VR safety training spaces 
as managed exposure environments subject to the ARECC process, the framework 
seeks to support safer and more sustainable adoption of immersive technologies 
in occupational safety and health practice. 

2. Theoretical Foundations 
2.1. ARECC 

The contemporary industrial hygiene paradigm of ARECC formalizes exposure‑risk 
management as a cyclical process in which practitioners anticipate potential haz-
ards, recognize those that are present, evaluate exposures, implement controls, 
and then confirm effectiveness [10]. Recent guidance emphasizes that ARECC 
should integrate qualitative judgment, structured semi‑quantitative tools, and quan-
titative exposure data, with explicit verification that control strategies achieve 
risk‑reduction objectives. Applying ARECC to VR labs positions these environ-
ments within mainstream occupational hygiene practice rather than treating them 
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as purely educational or technological domains. 

2.2. Exposure‑Risk Assessment and Tiered Strategies 

Modern exposure‑risk assessment frameworks promote tiered strategies that 
begin with qualitative screening and progress, as needed, to semi‑quantitative and 
fully quantitative assessment [8]. Qualitative tiers rely on scenario analysis, check-
lists, and expert judgment to classify exposure potential, while higher tiers incor-
porate standardized scoring tools, exposure models, and direct‑reading measure-
ments to refine estimates and characterize uncertainty. These approaches are in-
creasingly linked to risk‑based decision‑making, in which resource‑intensive 
monitoring and controls are reserved for tasks, agents, or populations with greater 
potential for harm. Translating this logic to VR labs supports a scalable evaluation 
process that can grow with program maturity, allowing institutions to start with 
structured screening and move toward sensor‑rich quantitative assessment as ev-
idence or resources justify. 

2.3. Metaverse and VR in Occupational Health 

The emergence of the “metaverse” and extended‑reality technologies has prompted 
new attention to occupational health risks and opportunities in immersive envi-
ronments [9]. Recent reviews highlight applications of VR and related technolo-
gies for hazard visualization, safety training, remote collaboration, and rehabilita-
tion, while also noting concerns about cybersickness, fatigue, cognitive overload, 
privacy, and psychosocial effects [1] [4] [5]. Regulators and professional agencies 
have begun to discuss how immersive visualization tools can be integrated safely 
into workplaces, underscoring the need to apply established OSH principles rather 
than developing entirely separate frameworks. However, most existing work con-
ceptualizes VR primarily as a medium for representing external workplaces or for 
delivering training content, rather than as a physical–digital workplace where ex-
posures occur and must be managed [1]. This theoretical gap motivates the pre-
sent framework, which treats the VR lab itself as an occupational setting subject 
to structured exposure‑risk management. 

2.4. Sensor‑Based Industrial Hygiene and Real‑Time Monitoring 

Rapid advances in direct‑reading instruments, networked environmental sensors, 
and wearable technologies have transformed what industrial hygienists can ob-
serve in real time [6]. Parallel developments in smart personal protective equip-
ment (PPE), inertial measurement units (IMUs), and physiological monitoring 
enable detailed characterization of ergonomic loads and physiological strain dur-
ing work tasks, including heart‑rate dynamics, motion profiles, and posture met-
rics [7]. These sensor‑based approaches provide the conceptual and technical 
foundation for the quantitative tier of the VR‑lab framework, where environmen-
tal conditions, biomechanical demands, and psychophysiological responses are 
treated as measurable exposures. Embedding such technologies within the ARECC 
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cycle allows VR labs to function as data‑rich testbeds for exposure‑risk manage-
ment, with monitoring outputs directly informing scenario design, lab configura-
tion, and administrative controls. 

3. Conceptual Framework 

This section presents the conceptual framework for industrial hygiene in VR labs, 
integrating 1) the VR lab as a multi‑hazard workplace, 2) the ARECC process, 3) 
a tiered exposure‑assessment strategy, and 4) real‑time sensor and analytics inte-
gration. Together, these elements form an iterative model for designing, operat-
ing, and evaluating VR training environments as managed exposure settings ra-
ther than purely educational spaces. 

3.1. VR Lab as a Multi‑Hazard Workplace 

The framework begins by treating the VR training lab as a distinct workplace in 
which users, instructors, and support staff may be exposed to physical, chemical, 
biological, ergonomic, electrical, and psychosocial hazards during normal opera-
tion. Physical hazards include trips, slips, and collisions arising from dense equip-
ment layouts, cable runs, and the mismatch between perceived and actual spatial 
boundaries, which have been flagged repeatedly in VR safety training studies [5]. 
Chemical and biological hazards stem from frequent disinfection of shared head-
sets and controllers, off‑gassing from plastics and cleaning products in enclosed 
rooms, and contamination of high‑touch surfaces, paralleling concerns in simu-
lation centers and shared laboratory spaces [12]. Ergonomic hazards arise from 
the weight and fit of head‑mounted displays, constrained movement areas, and 
repetitive or awkward postures, while electrical hazards relate to high equipment 
density, extension cords, and power strips [13]. Psychosocial hazards encompass 
cybersickness, visual fatigue, cognitive overload, and stress responses to realistic 
accident or emergency scenarios, all of which have been documented in recent 
reviews of VR and metaverse applications in occupational health [4]. Conceptu-
alizing the VR lab as a multi‑hazard workplace justifies the application of indus-
trial hygiene approaches and aligns VR training environments with other occupa-
tional settings subject to exposure‑risk management. 

3.2. ARECC as the Core Process 

Within this workplace framing, the ARECC model (anticipate, recognize, evalu-
ate, control, and confirm) serves as the organizing process for managing expo-
sures [10]. In the anticipate phase, planners perform a structured front‑end review 
before systems are installed or training begins, drawing on scenario design, equip-
ment specifications, and user population characteristics to forecast potential haz-
ards [14]. Scenario design is examined to determine how virtual tasks, move-
ments, and stimuli translate into real‑world exposures: user actions such as walk-
ing, reaching, bending, rapid head turns, and emergency drills are mapped to po-
tential physical and ergonomic hazards (trips, collisions, overreaching, awkward 
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postures, repetitive movements) and to psychosocial stressors (graphic incident 
content, time pressure, high cognitive load) [15]. Visual and motion parameters—
including field of view, locomotion method, and motion intensity—are evaluated 
for their likelihood of provoking simulator sickness, eye strain, or anxiety, with 
scenario variants or limits planned for sensitive populations [13]. 

Equipment selection is similarly reviewed not only for functionality but also for 
inherent exposure potential. Headsets, controllers, treadmills, haptics, and track-
ing systems are evaluated for weight, center of gravity, adjustability, and strap or 
handle design to anticipate ergonomic strain and skin‑contact issues, while mate-
rial composition and cleaning requirements are examined for compatibility with 
disinfectants and for risks related to off‑gassing and microbial contamination of 
shared surfaces [12] [15]. Power supplies, cabling, and network hardware are as-
sessed for electrical and physical hazards, including cable routing, trip risks, heat 
generation, and compatibility with protective devices and fire‑safety systems [5]. 
User population characteristics—such as age, health status, motion‑sickness sus-
ceptibility, and psychological vulnerability—are considered to anticipate how dif-
ferent groups may experience and amplify hazards, informing the need for medi-
cal screening, modified content, and alternative training pathways [14]. 

The recognized phase operationalizes this anticipation using structured tools 
to identify hazards that are actually present. VR‑lab safety checklists, pre‑use 
inspections, and expert walk‑throughs are used to verify floor conditions, cable 
routing, equipment placement, ventilation, and hygiene practices [8]. Sce-
nario‑specific pilot sessions provide observational data on near‑misses, posture 
extremes, balance losses, and visible distress, while post‑session symptom ques-
tionnaires capture cybersickness, visual fatigue, and perceived workload, echo-
ing methods reported in VR safety training evaluations [8]. These recognizing 
activities feed into the evaluate step, which is implemented via tiered exposure 
assessment, and into the control step, where engineering, administrative, and 
data‑governance controls are selected and refined [10]. The confirm phase then 
uses monitoring results, incident reports, and user feedback to verify the effec-
tiveness of controls and to disseminate lessons learned to stakeholders, reinforc-
ing the cyclical nature of ARECC. 

3.3. Tiered Exposure Assessment 

The evaluation function is structured as a tiered exposure‑assessment approach 
that can scale with laboratory maturity and resources. The main elements of this 
tiered structure are summarized in Table 1, which outlines representative tools, 
data outputs, and decision triggers at each level of assessment. At Level 1 (quali-
tative assessment), structured screening tools such as checklists, expert walkthroughs, 
and scenario‑based reviews, are applied to classify exposure potential for each haz-
ard category as low, medium, or high. This tier mirrors qualitative screening and 
control‑banding strategies in occupational hygiene, where the priority is to rapidly 
identify tasks and scenarios that warrant additional analysis while limiting the 
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need for instrumentation [8]. Level 1 may rely on brief pilot sessions with small 
groups of users, during which observers note near‑misses, obvious strain, and 
early signs of cybersickness, supplemented by short symptom logs or comfort ques-
tionnaires. Outputs are summarized in scenario‑by‑hazard matrices that guide de-
cisions about whether to proceed to Level 2 or implement immediate low‑cost 
controls. 
 

Table 1. Tiered exposure-assessment strategy for VR training labs. 

Tier Primary purpose Typical methods and tools Data outputs Example decision actions 

Level 1  
(Qualitative  
Assessment) 

Rapidly screen VR scenar-
ios and lab configurations 
to classify exposure poten-

tial by hazard category 
(physical, chemical, biologi-
cal, electrical, psychosocial) 

as low/medium/high 

Structured safety checklists; 
expert walkthrough;  

scenario task analyses; short 
pilot sessions with  

observational notes; brief 
symptom or comfort  

checklists. 

Narrative descriptions of 
hazards; categorical rates 
(low/medium/high) for 

each hazard type per  
scenario; matrices linking 

scenarios to hazard  
ratings. 

Identify scenarios  
needing immediate  

low-cost controls; decide 
whether to escalate a  
scenario or hazard  
category to Level 2;  

prioritize scenarios for 
redesign or monitoring. 

Level 2  
(Semi-quantitative 

Assessment 

Refine exposure estimates 
for scenarios or hazard  

domains flagged a Level 1 
using standardized scales 

and limited measurements,  
enabling comparison 

across scenarios and user 
groups. 

Simulator Sickness  
Questionnaire; workload and 

stress scales,  
ergonomic screening tools; 
short environmental spot 

measurement (CO2,  
temperature humidity, noise); 

small-sample pilot runs. 

Numeric scores and 
bands (e.g., symptom  

indices, workload scores, 
ergonomic risk scores); 
short-duration exposure 
metrics (e.g., peak CO2, 

sound levels); semi-quan-
titative risk rankings. 

Decide if engineering or 
administrative controls 
are sufficient; determine 
if Level 3 monitoring is 

warranted; compare  
alternative scenario  

designs; set provisional 
exposure thresholds. 

Level 3  
(Quantitative  
Assessment) 

Develop detailed exposure 
time profiles for high  
priority scenarios and  

populations using  
continuous or high  

frequency data, supporting 
evidence-based control  
design and verification. 

Fixed or portable  
environmental sensors (CO2, 
VOCs, temperature, humidity, 

noise); wearables and  
tracking systems for posture, 

motion, and workload;  
biometric monitoring (heart 

rate, heart rate variability, 
skin conductance);  

VR-integrated eye tracking 
and usage analytics. 

Time-stamped exposure 
curves for environmental, 

biomechanical, and  
psychophysiological  
indicators; peak and  
cumulative exposure 

metrics by scenario and 
user group; modeled  
relationships between 
scenario elements and  
exposure outcomes. 

Optimize scenario  
design (e.g., motion  

profiles, task difficulty); 
reconfigure lab layout 
and ventilation; set or 
adjust length and peak 

policies; refine screening 
criteria and at-risk group 

protections; confirm  
effectiveness of controls 

in the ARECC cycle. 

 

At Level 2 (semi‑quantitative assessment), standardized scoring systems and 
limited spot measurements provide more structured evidence. Tools such as the 
Simulator Sickness Questionnaire, workload scales (for example, NASA‑TLX), 
stress or anxiety inventories, and ergonomic screening instruments generate nu-
meric scores that can be compared across scenarios and user groups [16] [17]. 
Short‑duration environmental measurements—such as spot checks of CO₂, tem-
perature, humidity, and noise during peak use—are used to identify conditions 
approaching or exceeding institutional targets. These semi‑quantitative data re-
fine exposure classifications and support risk‑based decisions about whether a sce-
nario requires engineering modification, administrative controls, or escalation to 
Level 3 monitoring. The approach aligns with macro‑level health and safety eval-
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uation models that integrate subjective and objective indicators within a struc-
tured scoring framework. 

Level 3 (quantitative, real‑time monitoring) is reserved for scenarios, user 
groups, or hazard domains where Level 1 - 2 assessments indicate higher risk or 
greater uncertainty. At this tier, detailed quantitative data are collected and mod-
eled, borrowing concepts from established occupational exposure modeling ap-
proaches but extending them to encompass ergonomic and psychosocial domains 
in VR labs [8]. Continuous or high‑frequency data enable construction of expo-
sure‑time profiles for environmental conditions, biomechanical loads, and psy-
chophysiological responses, which can then be analyzed for peaks, cumulative 
doses, and associations with scenario elements or user characteristics [18]. This 
tiered structure allows institutions to start with low‑resource tools and progres-
sively adopt more intensive monitoring as evidence and capacity justify, reflecting 
best practice in exposure‑risk assessment.  

3.4. Real-Time Sensors and Analytics 

Real‑time sensor and analytics integration operationalize the upper tiers of the 
framework and is central to its innovation for VR labs. The specific environmen-
tal, biomechanical, and biometric data streams used at these upper tiers are out-
lined in Table 2, along with example metrics. Environmental sensors track pa-
rameters such as air quality, temperature, humidity, and noise within and around 
the VR space, providing continuous records that reveal patterns not captured by 
occasional spot checks. For example, CO₂ measurements can indicate inadequate 
ventilation during high‑occupancy periods, while acoustic monitoring can high-
light short noise peaks associated with alarms or intense scenario segments that 
may require sound‑level adjustments. 

Wearables and tracking systems capture motion, posture, and physical work-
load in real time [18]. Inertial measurement units, smart garments, and existing 
VR tracking data can be used to quantify joint angles, repetition rates, walking 
distances, and acceleration peaks, enabling calculation of ergonomic exposure 
metrics such as cumulative time in non‑neutral postures or frequency of rapid 
rotational movements. These metrics translate classical ergonomic risk concepts 
into the VR context and complement observational scoring conducted at lower 
tiers. 

Biometric indicators—heart rate, heart rate variability, and skin conductance 
combined with VR‑integrated eye tracking and usage analytics reflect physiologi-
cal and cognitive strain during VR sessions [19]. Time‑aligned with scenario 
events, these data can reveal segments that systematically elicit high arousal, dis-
orientation, or visual fatigue, which have been linked to cybersickness, degraded 
performance, and reduced training effectiveness. Real‑time analytics can then 
support dynamic control decisions, such as modifying camera motion, adding rest 
breaks, adjusting task complexity, or changing guardian boundaries, to keep ex-
posure indicators within acceptable ranges. 
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Table 2. Real-time sensors and analytical components in VR training labs. 

Components Example technologies 
Primary exposure di-
mensions captured 

Typical metrics How data are used in the framework 

Environmental  
sensors 

Wall or ceiling CO2 

probes; VOC sensors; 
temperature and  
humidity loggers;  

integrated sound level 
meters. 

Physical environment: 
ventilation adequacy, 

thermal comfort, 
chemical by-products, 

and noise in and 
around the VR space. 

Time-stamped CO2 and 
VOC concentrations; 

temperature and  
humidity traces;  

A-weighted sound levels 
and peaks during  

scenarios. 

Identify periods or scenarios with  
inadequate ventilation, heat buildup, 

or high noise; trigger engineering 
changes (HVAC adjustments,  

equipment redistribution, alarm  
volume tuning) and verify their  

effectiveness in the ARECC  
“Confirm” step. 

Wearables and  
motion tracking 

Inertial measurement 
units (IMUs); smart 

garments; smart PPC; 
VR system pose  

tracking data  
exported for analysis 

Ergonomic and  
physical workload: 

posture, joint angles, 
movement velocities, 
repetition rates, and 

walking distances 
during VR scenarios. 

Cumulative time in non-
neutral postures; fre-

quency of high-velocity 
turns; step counts and 
path length; repetition 

counts for key motions. 

Quantify ergonomic loads for specific 
scenarios and user groups; compare 

designs and lab layouts; inform  
engineering and administrative  

controls such as scenario redesign, 
play-area reconfiguration, and  

session length limits. 

Biometric  
monitoring 

Heart rate and heart 
rate variability  

sensors (chest straps, 
optical wearables); 
skin conductance  

sensors integrated into 
bands or controllers. 

Physiological strain 
and arousal:  

autonomic responses 
to VR content,  
workload, and  
environmental  

conditions. 

Heart rate profiles; varia-
bility indices; skin  

conductance peaks and 
tonic levels aligned with  

scenario events and 
tasks. 

Detect segments that systematically 
elicit high physiological strain or  

cybersickness; adjust scenario pacing, 
intensity, and break schedules; refine 

screening criteria for at-risk  
populations. 

Eye tracking and  
usage analytics 

Headset integrated 
eye-tracking cameras; 
VR platform logs of 

gaze, interactions, and 
scenario progression. 

Visual and cognitive 
load: gaze allocation, 

visual search  
behavior, fatigue  
indicators, and  

interaction patterns 
during training. 

Fixation durations and 
locations; saccade rates; 
blink frequency; pupil 
size trends; error rates 
and time on task per  

scenario segment. 

Identify visually demanding or  
confusing elements, regions of  

neglected hazards, and high workload 
segments; guide content redesign and 

instructional support while  
monitoring for visual fatigue  

and cognitive overload. 

Integrated analytics  
and dashboards 

Data pipelines and  
analytic dashboards 

that synchronize  
environmental  

wearable, biometric, 
and usage data with 
scenario timelines. 

Multi-domain  
exposure profile: 
combined view of 

physical, ergonomic, 
and psychosocial  

indicators over time. 

Scenario-specific  
exposure profiles; peak 
and cumulative indices 

across domains; flags for 
threshold exceedances; 

comparative reports 
across scenarios and  

cohorts. 

Support evidence-based decisions 
across the ARECC cycle by  

prioritizing scenarios for control, 
evaluating control effectiveness, and 

communicating results to  
stakeholders as part of continuous 
improvement in VR lab design and 

operation. 

 

Overall, the framework integrates these four elements into an iterative model: 
the VR lab is conceptualized as a multi‑hazard workplace; the ARECC cycle struc-
tures how hazards are systematically managed; exposure evaluation proceeds in 
tiers from qualitative to sensor‑driven quantitative assessment; and real‑time data 
and analytics supply ongoing feedback that drives refinement of controls and 
training design. This positions VR safety training not only as an educational in-
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tervention but as a managed exposure environment subject to modern industrial 
hygiene and exposure‑risk management principles, with continuous improve-
ment supported by data‑rich feedback loops.  

4. Application of the Framework: VR Confined Space Entry  
Training in an Industrial Setting Scenario 

To illustrate application of the framework, consider a hypothetical VR training 
laboratory at an industrial plant that uses immersive modules to train mainte-
nance workers on permit‑required confined‑space entry into large process vessels. 
The main module would simulate pre‑entry checks, atmospheric testing, permit 
review, controlled entry, and emergency evacuation. Trainees would stand and 
move within a 3 m × 3 m tracked area while wearing a head‑mounted display and 
hand controllers, navigating a virtual vessel interior that requires crouching, turn-
ing, and maneuvering through manways. In this hypothetical example, the VR lab 
is treated as an occupational setting in which trainees, instructors, and technical 
staff could experience physical, ergonomic, electrical, chemical/biological, and 
psychosocial exposures during routine operation. 

4.1. Application of ARECC 

The ARECC process is used as the organizing framework for describing what the 
systematic assessment.  

4.1.1. Anticipate 
In the design phase, a multidisciplinary team would review the planned scenario, 
hardware, and user population to anticipate potential hazards. The team may 
identify:  
 Physical hazards such as trips and collisions associated with furniture, room 

boundaries, and tethered headsets. 
 Ergonomic hazards including prolonged standing, trunk flexion when simu-

lating crawling through manways, and rapid turning during emergency evac-
uations. 

 Electrical hazards related to cable entanglement and power distribution to 
desktop computers and displays. 

 Psychosocial hazards stemming from high intensity, alarm-triggered emergen-
cies and realistic incident simulations. 

 Chemical/biological hazards from frequent disinfection of shared headsets and 
controllers and contamination of high touch surfaces.  

These anticipated hazards would guide the choice of recognition tools and eval-
uation instruments.  

4.1.2. Recognize 
Before full deployment, the team could apply a structured safety checklist and sce-
nario-based task analysis. The checklist would cover room layout, cable routing, 
equipment placement, ventilation, and hygiene practices, while the task analysis 
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would map user movements (stepping, bending, turning) and sensory demands 
(visual conditions, alarm characteristics) for each scenario phase. 

The team might then run two short pilot sessions with a small group of experi-
enced workers (e.g., n = 4). Observers would record near‑misses, posture ex-
tremes, and visible signs of discomfort, and participants would complete a brief 
symptom checklist after each session. These recognition activities would provide 
initial qualitative risk ratings by hazard category and indicate which domains 
merit more detailed assessment.  

4.1.3. Level 2 (Semi-Quantitative Evaluation) 
For Level 2 assessment, the team could invite 10 maintenance workers to complete 
the confined‑space module once under standard conditions. Four domains would 
be evaluated:  

1) Ergonomics: A posture scoring tool would be applied to video recordings of 
the five most physically demanding minutes for each worker, focusing on trunk 
flexion, reach distance, and duration of non‑neutral postures.  

2) Simulator sickness: A Simulator Sickness Questionnaire (SSQ) would be ad-
ministered immediately before and after each session to calculate total, nausea, 
and disorientation scores.  

3) Workload and stress: NASA Task Load Index (NASA‑TLX) ratings would be 
collected, with particular attention to physical demand, effort, and frustration 
during emergency segments. 

4) Environmental conditions: Spot measurements of A‑weighted sound levels 
near the headset during alarm sequences and short‑duration CO₂ readings during 
back‑to‑back sessions would characterize ventilation and noise under typical oc-
cupancy. 

Prior to data collection, the team would define cut points for each instrument 
(e.g., banded posture scores, SSQ change thresholds, NASA‑TLX percentiles, and 
site guidance values for noise and CO₂) to determine when escalation to Level‑3 
monitoring is warranted. 

4.1.4. Level 3 (Quantitative Assessment) 
If Level‑2 results suggested elevated risk in specific domains, a subset of sessions 
(for example, eight emergency‑focused runs) could be instrumented for detailed 
monitoring. Planned measurements might include:  

1) Environmental: Continuous logging of CO₂ concentration, temperature, and 
A‑weighted sound levels throughout each session.  

2) Biomechanical: Inertial measurement units (IMUs) on the trunk and upper 
arms to capture joint angles, movement velocities, and repetition counts.  

3) Physiological and gaze: Wearable sensors for heart rate and skin conduct-
ance, plus the VR system’s integrated eye‑tracking to capture gaze position and 
blink rate. 

All streams would be time synchronized with scenario events (alarm onset, gas 
monitor readings) to support exposure profiling.  
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4.1.5. Control and Confirm 
Based on the hypothetical ARECC evaluation, the team would design engineering, 
administrative, and data‑governance controls (for example, room reconfiguration, 
scenario adjustments, session‑length limits, enhanced screening, and de‑identifi-
cation of biometric data). A follow‑up Level‑2 assessment with a new cohort, 
scheduled several months later, would be used to confirm effectiveness by com-
paring key indicators before and after control implementation. 

4.2. Hypothetical ARECC Results 

In this hypothetical application, checklist and task‑analysis activities, combined 
with pilot observations, suggest that physical and ergonomic hazards are concen-
trated near the rear of the play area and during simulated entry and evacuation 
phases. The two pilot sessions reveal repeated near‑misses with a chair positioned 
behind the user and frequent bending at the waist when trainees “enter” the virtual 
vessel. Brief symptom checklists indicate that several participants experience mild 
to moderate nausea and disorientation, while no acute electrical or fire issues are 
observed. On this basis, the team classifies physical and ergonomic hazards as 
“medium” and psychosocial exposure linked to emergency segments as “me-
dium,” while electrical and environmental hazards are initially rated “low.” These 
qualitative ratings trigger a decision to proceed to Level‑2 evaluation for the ergo-
nomic and psychosocial domains. 

4.2.1. Level 2 Findings 
Under the hypothetical Level‑2 assessment, posture scoring shows that trainees 
spend a notable fraction of the five‑minute analysis window in moderate trunk 
flexion, with occasional awkward reaches required to interact with virtual controls 
and inspection points. Although extreme postures are rare, the duration of flexion 
suggests that cumulative musculoskeletal load could be meaningful over repeated 
training days. 

SSQ scores increase from pre‑ to post‑session for several workers, particularly 
in nausea and disorientation subscales, indicating that the scenario has the poten-
tial to induce cybersickness in susceptible individuals. NASA‑TLX ratings indicate 
moderate–high physical demand and effort, and frustration scores are highest 
during emergency evacuation segments when alarms sound and virtual gas mon-
itors display hazardous readings. 

Spot environmental measurements show that alarm sequences briefly approach 80 
dBA at the headset, while CO₂ readings increase during back‑to‑back sessions but 
remain below institutional concern thresholds. Applying predefined criteria, the 
team rates ergonomic and simulator‑sickness categories as “medium–high,” while 
environmental risk remains “low–medium.” These results lead to a hypothetical de-
cision to escalate to Level‑3 monitoring focused on emergency phases of the scenario. 

4.2.2. Level 3 Findings 
In the hypothetical Level 3 phase, continuous environmental monitoring reveals 
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a gradual increase in CO₂ concentration over the training day and short, distinct 
noise peaks aligned with alarm events, all within relevant guidance values. These 
patterns confirm that emergency segments are the dominant contributors to 
acoustic and ventilation load, even though absolute levels remain acceptable. 

IMU data indicate that trainees spend a substantial portion of session time with 
trunk flexion greater than 30˚, particularly during entry and evacuation sequences. 
Motion traces also show clusters of rapid turns and lateral steps executed in quick 
succession when alarms are triggered, which could plausibly contribute both to 
balance disturbances and to additional musculoskeletal strain. 

Physiological monitoring shows clear peaks in heart rate and skin conductance 
during simulated emergencies, especially at alarm onset and when virtual gas 
monitors indicate dangerous readings. Eye‑tracking data for the same intervals 
reveal scattered gaze patterns, more frequent blinks, and transient loss of fixation 
on task‑relevant cues, consistent with elevated cognitive load, stress, and visual 
strain. Taken together, these hypothetical Level 3 findings support the conclusion 
that the emergency portion of the confined‑space scenario concentrates both er-
gonomic and psychosocial/physiological demands, while environmental and elec-
trical conditions remain comparatively well controlled. 

4.2.3. Control and Confirm 
On the basis of these hypothetical findings, the team would introduce targeted 
engineering, administrative, and data‑governance controls. Engineering measures 
might include removing the chair from the active play area, installing a soft barrier 
behind the user, widening virtual passages to reduce required trunk flexion, and 
lowering and retuning alarm sound levels. Administrative policies could set a 
maximum session length of 20 minutes with mandatory 10‑minute breaks, limit 
trainees to two sessions per day, add standardized pre‑session briefings on symp-
toms and stop rules, and strengthen screening for prior motion sickness or severe 
anxiety. Data‑governance measures would likely require de‑identification of bio-
metric and gaze data, short retention periods for raw traces, and explicit consent 
language emphasizing that data are used for exposure assessment and training 
improvement rather than performance evaluation. 

A planned follow‑up Level 2 assessment, conducted several months after these 
controls were implemented, would be expected to show reduced SSQ score changes, 
improved posture scores with less time in deep trunk flexion, and the absence of 
recorded near‑misses with furniture or boundary structures. NASA‑TLX ratings 
might demonstrate stable or improved perceived learning value with lower frus-
tration during emergency segments, and trainee debriefings could reflect increased 
comfort and confidence with the training. Such hypothetical results would illus-
trate how the ARECC based framework could be used to iteratively refine VR con-
fined‑space training, reducing key exposures while preserving or enhancing in-
structional effectiveness. 

The follow‑up assessment results could be logged in an ARECC tracking table 
that links each control to specific indicators such as SSQ change scores, posture 
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metrics, near‑miss counts, and key NASA‑TLX dimensions. These records would 
feed into routine VR‑lab reviews, where predefined thresholds (for example, a re-
surgence of cybersickness in more than 10% of users or repeated ergonomic flags 
in a specific task segment) trigger a new ARECC cycle that revisits anticipation, 
recognition, evaluation, and the mix of engineering, administrative, and data‑gov-
ernance controls. By formally tying reassessment data to policy revisions and de-
sign decisions, the framework treats documentation not as a static requirement 
but as the mechanism that keeps VR confined‑space training on a continuous im-
provement trajectory. 

5. Practical Guidance for VR Lab Design, Operation, and  
Evaluation 

5.1. Engineering Controls 

From an ARECC perspective, engineering controls should be the primary means of 
reducing exposures in VR labs, with administrative and PPE measures layered on 
top. Table 3 summarizes example engineering, administrative, and data governance 
operational practices that can be applied when designing and operating VR training 
labs. For design, this means allocating sufficient unobstructed floor space per user, 
removing non‑essential furniture from play areas, routing cables overhead or in low 
profile floor channels, and installing soft physical barriers that align with virtual 
boundary systems [5]. Ventilation and thermal control should be sized to handle 
heat and occupancy loads from headsets, computers, and users, with equipment 
racks and charging stations located away from air intakes and egress routes [14]. 

Hardware choices are equally important: headsets and peripherals should be 
selected for low mass, balanced weight distribution, and broad adjustability to re-
duce neck and shoulder strain; contact surfaces should use materials compatible 
with chosen disinfectants and with low allergenic potential [15]. Display and 
tracking technologies should be validated under the planned lighting conditions, 
and alarm and audio levels tuned so that cues remain salient without exceeding 
safe sound levels during peak scenarios. Treating these layout, ventilation, electri-
cal, and hardware decisions as part of the exposure‑control hierarchy embeds 
safety into the fabric of the VR lab before training ever begins. 

5.2. Administrative Controls 

Administrative controls govern who uses VR, for how long, and under what con-
ditions, translating the framework into day‑to‑day practice [20]. Standard operat-
ing procedures should specify pre‑session screening (including brief medical and 
motion sickness questions), maximum session durations, mandatory break inter-
vals, daily and weekly exposure limits, and criteria for temporary exclusion (for 
example, acute illness, fatigue, recent concussion, or substance use) [14]. Age lim-
its and informed‑consent processes must be clearly defined, particularly for mi-
nors and vulnerable populations, with plain‑language descriptions of potential 
symptoms and the right to stop at any time. 
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Operational policies should also address staffing and supervision: each active 
room should have at least one trained VR safety monitor responsible for fit checks, 
observation, and emergency response, with clear escalation pathways for medical 
or psychological events. Post‑session debriefs and brief symptom checks enable 
early recognition of patterns in cybersickness, discomfort, or distress, feeding into 
the “recognize,” “evaluate,” and “confirm” steps of ARECC. Incident and 
near‑miss reporting must explicitly cover VR‑specific events (falls, collisions, se-
vere cybersickness, panic reactions, equipment failures) and be integrated into ex-
isting occupational health and safety management systems so that VR related risks 
are not siloed from broader organizational learning. 

5.3. Data Controls 

Sensor‑rich VR labs generate large volumes of personal and potentially sensitive 
data, making data governance controls an essential complement to engineering 
and administrative measures [21]. A written data management plan should inven-
tory all data streams (environmental, motion, biometric, gaze, performance), clas-
sify them by sensitivity, and define specific, limited purposes for their use: expo-
sure assessment, control verification, and training improvement. Informed con-
sent materials must explain what is collected, how long it is kept, who can access 
it, and whether any data may be used for research, with clear options to opt out of 
non-essential collection where feasible. 

Access to identifiable data should follow a least privilege model, restricted to 
roles with a legitimate occupational health or safety function, and de‑identified or 
pseudonymized datasets should be used wherever possible for analytics and re-
porting [22]. Security measures (for example, encryption in transit and at rest, 
multi‑factor authentication for administrative accounts, and regular access audits) 
are needed to protect biometric and behavioral records. Retention schedules 
should differentiate between raw traces and long-term aggregate indicators, en-
suring that high granularity personal data are not kept indefinitely. By integrating 
data‑governance practices into the ARECC cycle such as treating data handling 
itself as a potential source of risk to be anticipated, controlled, and periodically 
confirmed, the framework supports ethically robust, privacy-aware deployment 
of VR technologies in occupational safety and health. 
 

Table 3. Practical control strategies for VR training labs. 

Control type Design/configuration focus Operational practices 

Engineering  
controls 

Clear play areas, minimal furniture, overhead or  
protected cable routing, aligned physical and virtual 
boundaries, adequate ventilation and temperature  

control, equipment and charging kept away from exits. 

Periodic checks of clearances, cables, barriers, and  
ventilation controls; tuning alarm and audio levels; re-

viewing hardware whenever devices are added or 
changed. 

Hardware and  
ergonomics 

Light well balanced, adjustable headset and controllers; 
disinfectant resistant contact materials 

Fit checks before sessions; scheduled replacement of 
pads and straps; tracking user complaints (pressure 
points, skin irritation) to trigger hardware changes. 

https://doi.org/10.4236/ojsst.2026.161002


R. Williams 
 

 

DOI: 10.4236/ojsst.2026.161002 29 Open Journal of Safety Science and Technology 
 

Continued 

Administrative: 
exposure  

management 

Session length limits, maximum sessions per day,  
mandatory breaks; extra rule for high intensity  

scenarios; criteria for pausing or stopping sessions. 

Pre-session briefings on symptoms and stop rules;  
enforcing time limits; recording early terminations 
and reasons; revising limits using monitoring data. 

Administrative: 
screening  

and staffing 

Pre-use medical/motion sickness screening; age and  
consent rules; minimum staffing rations; SOPs for  

checks, active monitoring, and debriefs. 

Applying screening checklists; real-time observation; 
brief post-session symptom checks; structured  

incident and near-miss reporting. 

Data governance 
Inventory and classify environmental, motion, biometric, 

gaze, and performance data; define uses (exposure  
assessment, control verification, training improvement) 

Prefer de-identified or pseudonymized data;  
role-based access; limited retention of raw traces;  

encryption and authentication for storage and access. 

Data consent 
and transpar-

ency 

Clear information sheets and consent forms describing 
data collected, purpose, retention, and access; options  

to opt out of non-essential collection. 

Recording consent; honoring opt-outs (e.g., disabling 
eye tracking when possible); sharing aggregate  

findings and changes made in response to monitoring. 
 

These control categories correspond primarily to the Control and Confirm 
steps of the ARECC cycle, with screening and data governance elements also sup-
porting Anticipate, Recognize, and Control. 

5.4. Framework Scalability and Phased Implementation 

The tiered structure of the framework is intentionally designed to be scalable 
across organizations that differ in size, sector, and resource availability. Within 
this structure, Level 1 and Level 2 assessments can be implemented with relatively 
modest investments, relying primarily on structured checklists, standardized ob-
servation forms, short pilot sessions, basic posture or task‑load screening tools, 
and intermittent environmental measurements obtained with commonly availa-
ble instruments. These activities provide an initial classification of exposure po-
tential across hazard categories and help identify scenarios, user groups, and lab 
configurations that warrant closer scrutiny. In most organizations, this qualitative 
and semi‑quantitative information will be sufficient to support defensible deci-
sions about engineering and administrative controls for the majority of VR train-
ing activities. 

Escalation to Level 3 is not assumed by default but is instead triggered when 
Level 1 and Level 2 findings indicate persistent or uncertain risk that cannot be 
adequately characterized with lower‑intensity methods. In practice, this may in-
clude scenarios in which near‑misses or minor incidents continue to occur despite 
basic controls, semi‑quantitative ratings for ergonomics, cybersickness, or work-
load remain in the medium–high range, or there is substantial variability in re-
sponses across different user groups. Under these conditions, the additional cost 
and complexity of continuous environmental sensing, wearable motion capture, 
and psychophysiological monitoring can be justified because they are targeted to 
well‑defined questions about exposure–time patterns, peak loads, and the interac-
tion between scenario elements and user characteristics. Organizations with lim-
ited resources can therefore prioritize a small number of high‑risk or strategically 
important scenarios (for example, emergency response, confined‑space entry, or 

https://doi.org/10.4236/ojsst.2026.161002


R. Williams 
 

 

DOI: 10.4236/ojsst.2026.161002 30 Open Journal of Safety Science and Technology 
 

workplace‑violence prevention modules) for Level‑3 monitoring, while managing 
lower‑risk scenarios using only Level‑1 and Level‑2 approaches. In this way, the 
framework supports a graded, resource‑sensitive implementation in which every 
site can adopt a consistent ARECC process, but the intensity of monitoring and 
analytics is matched to actual risk and operational capacity rather than applied 
uniformly. 

6. Discussion 
6.1. Implications for Research 

Framing VR training labs as multi‑hazard workplaces governed by an ARECC cy-
cle opens several lines of empirical inquiry. The tiered exposure‑assessment struc-
ture and worked examples suggest specific, testable hypotheses about how sce-
nario design, lab configuration, and user characteristics shape physical, ergo-
nomic, and psychosocial exposures over time. Studies can compare different tiers 
(for example, qualitative vs. semi‑quantitative vs. sensor‑rich assessment) to de-
termine how much additional precision and decision value higher tiers actually 
provide, and under what conditions they are warranted. There is also an oppor-
tunity to examine how integrating real‑time environmental, biomechanical, and 
physiological data into training design affects learning outcomes, transfer of train-
ing, and long‑term health indicators, moving beyond current work that focuses 
primarily on performance or satisfaction. 

The framework underscores the need for standardized metrics and protocols 
for VR‑related exposures, particularly around cybersickness, cognitive load, and 
ergonomic load during immersive tasks. Harmonized measurement approaches 
would allow meta‑analyses across sectors and platforms, and would support de-
velopment of exposure benchmarks tailored to VR environments rather than bor-
rowing thresholds from traditional industrial settings. Further research should 
also address equity and inclusion in VR training: for example, whether current 
hardware, content, and screening practices differentially impact workers with dis-
abilities, older adults, or those with pre‑existing health conditions, and how the 
ARECC process can be adapted to support diverse users without exacerbating 
stigma or exclusion. 

6.2. Implications for Practice 

For practitioners, the proposed model provides a structured roadmap for integrat-
ing VR labs into existing occupational safety and health management systems. 
Safety professionals can use the framework to justify VR‑lab planning and moni-
toring activities in terms that align with established exposure‑risk management 
expectations, making it easier to secure resources for engineering controls, sensor 
deployments, and specialized staffing. The tiered assessment and worked exam-
ples show how even modest programs can start with structured checklists and 
small pilot sessions, then scale toward real‑time monitoring as risk, complexity, 
and capacity grow. Importantly, the inclusion of data‑governance controls posi-
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tions privacy and ethical data use as core elements of exposure management, ra-
ther than afterthoughts, which may help address organizational concerns about 
biometric and behavioral monitoring. 

In practice, adoption of this framework can support more defensible decisions 
about how long workers should remain in VR, which scenarios are suitable for 
which populations, and when a lab is “safe enough” to operate at scale. It can also 
foster closer collaboration between industrial hygienists, human‑factors special-
ists, instructional designers, and IT/security teams, since effective control of 
VR‑lab exposures depends on design choices in all of these domains. Over time, 
organizations that systematically apply ARECC in their VR labs may develop in-
stitution‑specific exposure profiles and control libraries that can inform procure-
ment, scenario development, and training policies across multiple sites and appli-
cations. 

The framework also underscores that VR lab safety is as much a human-factors 
challenge as a technical one. Instructors and safety monitors must be prepared to 
brief users, recognize subtle indicators of discomfort or overload, and intervene 
early, while designers and managers must anticipate how policies such as session 
limits, screening criteria, and biometric monitoring will be interpreted by work-
ers. Treating these human-factors issues as explicit elements of the ARECC cycle 
rather than informal considerations can reduce variability in practice and support 
sustained acceptance of VR‑based training programs. 

Insights generated when applying the ARECC framework in VR labs can also 
inform operational risk assessments. Ergonomic or psychosocial stressors identi-
fied in simulation, such as sustained trunk flexion in a confined‑space scenario, 
repeated rapid turns during emergency drills, or elevated stress responses to par-
ticular alarm configurations, may reveal previously overlooked hazards in the cor-
responding field tasks and prompt reevaluation of work methods, equipment lay-
out, or staffing in the actual workplace. In this way, the VR lab functions not only 
as a controlled environment for training, but also as an instrumented testbed that 
helps organizations discover, prioritize, and control hazards in the operations that 
the simulations are intended to represent. 

6.3. Limitations 

This conceptual framework has several limitations. It is intentionally technol-
ogy‑agnostic and sector‑agnostic, which means it may not capture all nuances of 
specific platforms (for example, fully wireless vs. tethered systems) or industries 
(for example, nuclear, aviation, or pediatric healthcare). The reliance on sensor 
technologies in the upper assessment tiers assumes access to suitable hardware, 
data‑management infrastructure, and analytical expertise, which may not be avail-
able in smaller organizations or low‑resource settings. Furthermore, while the 
framework integrates psychosocial and cognitive dimensions, current instru-
ments and biomarkers for these constructs in VR environments are imperfect; 
misinterpretation of signals such as heart‑rate variability or eye‑movement pat-
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terns could lead to over‑ or under‑estimation of risk. 
Another limitation is that the framework does not prescribe specific exposure 

limits or “safe” thresholds for VR‑related hazards, because such benchmarks are 
still emerging and may vary by population and use case. Instead, it offers a process 
for relative assessment and control, which could lead to variability in implemen-
tation and outcomes across institutions. Finally, although the worked examples 
demonstrate internal coherence, they do not substitute for empirical validation; 
real‑world implementation may reveal unforeseen barriers, such as user resistance 
to monitoring, data‑integration challenges, or conflicts with existing training 
schedules and regulatory requirements. 

6.4. Summary and Implications 

This paper proposes a tiered ARECC-based framework that treats VR training la-
boratories as multi‑hazard workplaces and integrates engineering, administrative, 
and data‑governance controls into a single process. The worked example and 
practical guidance illustrate how organizations can start with qualitative and 
semi‑quantitative assessments and selectively deploy sensor‑rich monitoring 
where risk and capacity justify it. By embedding human‑factors and privacy con-
siderations alongside traditional exposure controls, the framework is intended to 
support defensible, scalable adoption of VR safety training across varied organi-
zational settings and contexts. 

Future research should focus on empirically validating the framework across 
multiple sectors such as industrial plants, healthcare, and construction using 
mixed‑methods designs that combine exposure metrics, learning outcomes, and 
qualitative user feedback. Longitudinal studies could investigate whether applying 
ARECC in VR labs affects rates of adverse events (for example, falls, severe cyber-
sickness) and downstream safety performance in the field. Comparative work 
could evaluate different configurations of the tiered assessment (for instance, 
Level‑1‑only vs. Level‑1 + 2 vs. full Level‑3 monitoring) to determine cost‑effective 
combinations for organizations with varying risk profiles and resources. 

On the methodological side, there is a need to refine and validate sensor‑based 
indicators of ergonomic and psychosocial exposure specific to VR, including robust 
algorithms for deriving actionable metrics from motion, physiological, and eye‑track-
ing data. At the policy level, collaboration between occupational hygiene bodies, VR 
standards organizations, and regulators could translate elements of this framework 
into guidance documents, recommended practices, or even formal standards for VR 
training facilities. Finally, future work should explore how artificial intelligence and 
adaptive systems might use real‑time exposure data to dynamically adjust scenarios 
in response to individual user responses, creating VR training that is not only peda-
gogically adaptive but also exposure‑aware and health‑protective. 
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