
Accidents in Training with VR
A comprehensive guide for safety trainers, occupational 
health professionals, and VR training designers on how 
virtual reality is transforming accident prevention 
education.

Funded by the European Union. Views and opinions expressed are however 
those of the author(s) only and do not necessarily reflect those of the 
European Union or the European Education and Culture Executive Agency 
(EACEA). Neither the European Union nor EACEA can be held responsible for 
them.



Accidents in Training with VR
Virtual Reality is widely used to train people for dangerous tasks without exposing them to real hazards. In VR, learners can experience realistic 
accident scenarios in a fully controlled and safe environment — making it possible to confront risks that would be impossible or unethical to 
recreate in real life.

 Fire🔥

Experience flames and smoke safely

 Electrical⚡

Arc flash, shock, and wiring faults

 Falls🏗️

Heights, scaffolding, and surfaces

 Road Risks🚗

Traffic and shared-space scenarios

 Machine Failures⚙️

Equipment malfunctions and hazards

 Chemical🧪

Spills, exposures, and emergencies



Why VR Is Used for Accident Training
The Core Problem

In traditional training, many dangerous situations simply cannot be 
practiced safely. Exposing learners to real fire, electrical hazards, or 
machinery accidents is neither practical nor ethical. Written rules 
and videos only go so far.

The VR Solution

VR solves this by creating realistic but fully simulated accident 
scenarios. Learners can make mistakes without real-world 
consequences — and repeat those scenarios as many times as 
needed. This is especially powerful for occupational safety and health 
training, where high-stakes hazardous situations must be rehearsed 
until they become second nature.

VR transforms passive safety instruction into active, experiential learning — where mistakes teach rather than injure.



Main Training Areas
VR accident-prevention training is applicable across a wide range of industries and disciplines. The following fields are among the most active 
adopters of immersive safety training technology.

Construction & Mining

Fall prevention, crane operation, 
excavation safety, and confined-space 
hazards.

Fire & Emergency Response

Evacuation procedures, extinguisher 
use, and multi-agency coordination.

Electrical & Industrial

Lockout/tagout, arc flash, chemical 
handling, and machine operation.

Road Safety & Aviation

Traffic hazard recognition, defensive 
driving, and aviation emergency 
protocols.

Healthcare Emergency 
Response

Code situations, triage decision-
making, and critical incident 
management.



How VR Prevents Accidents
Instead of only reading safety rules, learners experience the consequences of unsafe actions in an immersive environment. This shifts training from 
passive knowledge transfer to active behavioral change.

1

Hazard Recognition
Learners develop the ability to spot dangers before they escalate.

2

Risk Perception
Immersive consequences build intuitive understanding of danger levels.

3

Emergency Decision-Making
Under simulated stress, learners practice choosing the right response 
quickly.

4

Procedural Memory
Repeated practice embeds correct procedures into long-term memory.

5

Situational Awareness
Learners scan their environment and anticipate hazards in real time.

6

Reaction Time
Timed simulations sharpen the speed and accuracy of safe responses.



Example: Construction Safety Training
Construction sites are among the most hazardous workplaces in the world. VR allows trainees to explore and respond to construction-specific 
dangers before ever setting foot on a real site.

 Falls from Height🏗️

Scaffolding, ladders, and unprotected 
edges

 Scaffolding Collapse🏚️

Structural failure and load limits

 Crane Accidents🏗️

Swing paths, signal communication, and 
load drops

 Electrical Contact⚡

Overhead lines and buried cables

 Confined Spaces🚧

Oxygen deficiency and entrapment scenarios

Learners can identify hazards and practice correct responses before entering a real construction site — dramatically reducing on-site 
incident rates.



Example: Fire Safety Training
What VR Fire Training Teaches

VR fire safety training prepares learners to respond calmly and 
correctly when every second counts. Scenarios are repeatable, 
scalable, and free from the risk, cost, and logistical challenges of live 
fire drills.

• Detect smoke and fire hazards early
• Operate fire extinguishers correctly (PASS technique)
• Navigate evacuation routes under stress
• Avoid panic and help others evacuate safely
• Respond appropriately to emergency alarms
• Coordinate with fire wardens and emergency services

Why VR Excels Here

Fire scenarios are dangerous, expensive, and nearly impossible 
to repeat in real life. A single live fire drill consumes significant 
resources and can only be run a handful of times per year.

With VR, the same high-stress fire environment can be triggered on 
demand, adjusted in intensity, and repeated until learners respond 
with confidence and precision.



Example: Electrical Safety Training

Electrical hazards are among the leading causes of workplace fatalities. VR provides a uniquely 
safe environment for learners to encounter and respond to high-voltage scenarios without any 
risk of real injury.

Electric Shock
Simulate contact with live circuits and the consequences of unsafe contact.

Lockout/Tagout Failures
Practice correct energy isolation procedures and identify common errors.

Arc Flash Hazards
Understand the explosive energy release of arc flash events and required PPE.

Overloaded Panels & Short Circuits
Recognize warning signs before equipment failure occurs.



Example: Machine and Workshop Accidents
For vocational schools and technical training centers, VR simulations of workshop accidents provide an invaluable layer of safety preparation. 
Learners can encounter machine-specific hazards in a controlled, repeatable setting before working with real equipment.

Rotating Parts & CNC Machines

Entanglement hazards, emergency stops, and guarding requirements.

Welding Equipment

Flash burns, fume exposure, and fire risks from hot work.

Forklifts & Robotic Arms

Collision zones, load stability, and safe interaction distances.

Hydraulic & Compressed Air Systems

Pressure release hazards, injection injuries, and system failures.



Benefits of VR Accident Training
VR delivers measurable advantages over conventional safety training methods. The table below summarizes the core benefits that make VR a 
compelling investment for occupational safety programs.

Safety Learners practice in high-risk scenarios without exposure to real danger or injury

Repetition Scenarios can be repeated as many times as needed to build proficiency and confidence

Realism Accidents can be simulated with visual, spatial, and emotional fidelity that passive media cannot match

Immediate Feedback Learners receive real-time correction on unsafe actions, reinforcing correct procedures on the spot

Cost Reduction Expensive equipment damage, injury costs, and logistical overhead are significantly reduced

Standardization Every learner experiences the identical scenario, ensuring consistent training quality across cohorts



VR and Risk Perception
Beyond Memorizing Rules

Traditional safety training often relies on learners memorizing rules 
and hazard lists. This approach has a fundamental limitation: 
knowing a rule does not guarantee the ability to recognize 
danger in context.

VR changes this equation. When learners see and feel the 
consequences of unsafe behavior — even virtually — they build a 
visceral, intuitive understanding of risk that text-based training 
cannot replicate.

Research-Backed Results

Recent research demonstrates that VR can be used to evaluate and 
improve risk perception safely in traffic and shared-space scenarios. 
Learners who train in VR environments develop stronger hazard 
awareness and are more likely to act proactively in real-world 
situations.

Immersive consequence simulation builds the kind of risk 
intuition that only real experience could previously provide.



VR Training and Memory
VR supports experiential learning — widely recognized as one of the most effective methods for long-term retention. When learners actively engage with a 
hazardous scenario, the memory trace is significantly stronger than passive instruction.

See the Hazard Interact with 
Environment

Make Decisions
Receive 

Feedback

This learning cycle mirrors the conditions of real workplace incidents — giving learners cognitive and emotional preparation that translates directly into safer on-
the-job behavior. VR is therefore especially valuable for practical safety training in vocational education and technical fields.



Accidents Caused by VR Training Itself

VR reduces real-world risk — but it also introduces its own category of training hazards that must be actively managed.

Although VR creates a safer alternative to live hazard exposure, trainers must recognize that the technology itself carries risks. These fall into 
two main categories: physical and physiological.

Cybersickness

Nausea, postural instability, disorientation, headaches, eyestrain, 
and fatigue caused by sensory mismatch between virtual motion 
and physical stillness.

Physical Collision Risks

Dizziness and disorientation can cause learners to fall, trip over 
cables, or collide with real-world furniture or other people while 
immersed in VR.

Stress & Fear Reactions

Highly realistic accident simulations may trigger genuine 
psychological distress, especially in learners with sensitivities to 
heights, fire, or enclosed spaces.

Ergonomic Problems

Prolonged headset use can cause neck strain, eye fatigue, and 
musculoskeletal discomfort if sessions are not properly timed and 
managed.



Physical Safety Risks in VR Rooms
During VR training, learners are fully immersed in a virtual environment — they cannot see the real room around them. This creates a specific 
and preventable category of physical hazard that instructors must address through room design and supervision.

Common Physical Hazards

• Hitting walls or fixed structures
• Tripping over cables and equipment
• Bumping into furniture or props
• Colliding with other learners in shared sessions
• Falling while stepping, reaching, or crouching in the headset

The Key Principle

VR rooms must be carefully prepared and cleared before every 
training session. Room boundaries must be defined and confirmed 
within the VR system before immersion begins. A trained supervisor 
must always be present to monitor learner movement.



Psychological Risks
VR's greatest strength — its emotional realism — is also the source of one of its most important risks. Highly immersive accident scenarios can 
provoke genuine psychological responses, not just intellectual awareness of danger.

High-Stress Scenario Types

Fire and explosions, serious injuries, 
heights and drops, confined spaces, and 
road accidents are among the scenarios 
most likely to trigger strong emotional 
reactions in learners.

Potential Psychological 
Responses

Research on VR injury-prevention 
training identifies risks including 
confusion, fear, anxiety, and acute 
stress. For some learners — particularly 
those with prior trauma or sensitivities 
— these reactions may be significant.

Instructor Responsibility

Trainers must screen participants, 
provide clear content warnings before 
intense scenarios, and monitor learners 
throughout sessions. An immediate stop 
option must always be available and 
clearly communicated.

Never begin a high-intensity accident simulation without first briefing learners on psychological risks and establishing a clear exit 
protocol.



How to Reduce VR Training Risks
A well-designed VR training protocol addresses physical, cognitive, and psychological risks systematically. The following measures should be 
built into every VR safety training session as standard practice.

01

Pre-Session Safety Briefing
Explain VR risks, controls, and the emergency stop process to all 
learners before the headset goes on.

02

Prepare a Clear Training Space
Remove all obstacles, secure cables, define boundaries, and confirm 
the play area within the VR system.

03

Start with Low Intensity
Begin with simple, low-stress scenarios and increase difficulty 
gradually as learners build comfort and confidence.

04

Limit Session Duration
Keep individual VR sessions short to prevent cybersickness and fatigue. 
Schedule regular breaks between immersive segments.

05

Maintain Active Supervision
An instructor must monitor learner movement and physiological state 
throughout the entire session.

06

Apply Hygiene Protocols
Clean and sanitize headsets and controllers between users. Provide 
foam covers or disposable liners where appropriate.



Safe VR Training Room Checklist
Use this checklist before every VR training session to confirm the environment and equipment meet minimum safety standards.

Environment

​ Floor is clean and completely dry

​ All cables are secured or routed safely out of the play area

​ Furniture and obstacles have been removed

​ Play boundaries are clearly defined in the VR system

​ Adequate lighting for instructor monitoring

Equipment & Participants

​ Headset is fitted correctly and comfortably on each learner

​ Controllers are properly secured and calibrated

​ Learners have received and acknowledged safety rules

​ Instructor is present and actively monitoring the session

​ Emergency stop option is confirmed and communicated



Instructional Design Principles
Effective VR accident training doesn't happen by chance — it requires deliberate, evidence-informed instructional design. The following principles guide 
the creation of VR scenarios that are both impactful and pedagogically sound.

Start Simple
Begin with low-complexity scenarios to orient learners to the VR 
environment before introducing hazard complexity.

Increase Gradually
Build difficulty incrementally, adding layers of hazard, time pressure, 
and decision complexity as competence develops.

Provide Feedback
Deliver immediate, specific feedback on unsafe actions and correct 
procedures within the simulation itself.

Reflect & Connect
Follow each VR session with structured reflection that bridges the virtual 
experience to real workplace safety rules and behaviors.

Avoid unnecessary visual overload. A cluttered virtual environment can distract from the safety learning objective and increase cybersickness 
risk.



Role of the Instructor
VR is a powerful training tool — but it is not a replacement for a skilled instructor. 
The instructor plays an irreplaceable role before, during, and after every VR training 
session.

Before the Session

Explain learning objectives, set 
expectations, and conduct the 
safety briefing. Prepare the room 
and confirm all equipment is 
functioning correctly.

During the Session

Supervise learner movement, 
monitor for signs of discomfort or 
distress, and pause the simulation 
immediately if necessary.

After the Session

Guide structured reflection on what was experienced. Connect the VR 
scenarios explicitly to real workplace safety practices and regulations.



VR Accident Training in VET
Vocational Education and Training programs stand to benefit enormously from VR integration. Many VET disciplines involve direct interaction 
with hazardous equipment, materials, and environments — making immersive safety preparation not just beneficial but essential.

VR Supports These VET Outcomes

• Occupational safety courses and certifications
• Workshop preparation and induction
• Internship and placement readiness
• Machine operation and maintenance training
• Emergency response education
• Technical skill development under safe conditions

Priority VET Fields

 Mechatronics⚙️  Automotive🚗

 Welding🔥  Electrical Tech⚡

 Construction🏗️  Health Services🏥



Assessment in VR Safety Training
One of VR's most powerful — and often underutilized — capabilities is its ability to generate rich behavioral data during training. Unlike written tests, VR 
systems can assess not just what learners know, but how they actually behave under pressure.

⏱️
Reaction Time

How quickly a learner responds to an emerging hazard or emergency 
prompt

❌
Mistake Count

Total number of unsafe actions taken during the simulation scenario

✅
Procedure Completion

Percentage of required safety steps completed correctly and in sequence

🎯
Hazard ID Score

How many hazards the learner identified versus total hazards present

VR assessment data enables instructors to give targeted, evidence-based feedback — and to identify learners who need additional support 
before real-world deployment.



Conclusion
VR is a powerful, proven tool for accident-prevention training. It allows learners to experience dangerous 
situations safely, repeat complex procedures until they are automatic, and build the risk awareness that 
traditional training methods struggle to deliver.

However, VR training must itself be designed safely. Physical, cognitive, and psychological risks are 
real and must be actively managed through careful room preparation, instructor supervision, and 
thoughtful instructional design.

Safe Real Room
Cleared, supervised, and properly configured training space

Realistic Virtual Scenario
Evidence-based, contextually relevant hazard simulations

Instructor Supervision
Active monitoring, timely intervention, and learner support

Structured Reflection
Bridging virtual experience to real-world safety practice



Recommended Resources
The following peer-reviewed research, institutional reports, and development tools provide deeper reading on VR safety training design, 
effectiveness, and implementation.

VR for Safety Training – 
Systematic Review & Meta-
Analysis
A comprehensive literature review 
examining the effectiveness of VR across 
safety training domains.
ResearchGate Publication

Enhancing OSH Training with VR 
– Implementation Guideline

A practical guideline for integrating VR 
into occupational safety and health 
training programs.
Tampere University CRIS Portal

Design Guidelines for Limiting 
VR Cybersickness
Research-based recommendations for 
reducing motion sickness and 
physiological discomfort in VR 
environments.
PMC / NIH Open Access

NSC Report: VR/AR for 
Hazardous Work Training
The National Safety Council's assessment 
of immersive technology for high-risk 
occupational training.
National Safety Council

Development Tools: WebXR, 
Unity XR & Unreal Engine VR
Core platforms for building and 
deploying VR training experiences:
WebXR Samples · Unity XR · Unreal Engin
e VR

https://www.researchgate.net/publication/375183538_Virtual_Reality_for_Safety_Training_A_Systematic_Literature_Review_and_Meta-Analysis
https://cris.tuni.fi/ws/portalfiles/portal/147684362/Enhancing_Occupational_Safety_and_Health_Training_A_Guideline_for_Virtual_Reality_Integration.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC10288216/
https://www.nsc.org/getmedia/e2bb071c-e134-4c8e-b0b3-be74b46066eb/report-virtual-training.pdf
https://immersive-web.github.io/webxr-samples/
https://unity.com/xr
https://www.unrealengine.com/en-US/virtual-reality
https://www.unrealengine.com/en-US/virtual-reality
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