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Abstract. Occupational safety and health at work is a key component of 

organisational management, while the human factor remains one of the main 

causes of workplace incidents. The aim of this article is to analyse the potential 

use of simulation goggles as an immersive training tool to raise employees’ 

awareness of the risks associated with fatigue, sleep deprivation and substance 

use. The theoretical section is based on risk management concepts in accordance 

with ISO 31000 and ISO 45001 standards, safety culture, the human factor, 

incident prevention and modern approaches to employee training. The empirical 

part is based on an analysis of statistical data from the Eurostat database for the 

period 2015–2025, examining the relationship between the unemployment rate 

and trends in workplace accidents in the European Union and the Slovak 

Republic. The findings also highlight the importance of preventive measures 

focused on safety culture and the reliability of the human factor. Simulation 

goggles represent an affordable means of experiential learning, enabling the safe 

simulation of reduced work capacity and the creation of realistic model situations 

without the need for costly virtual systems. The article concludes that the 

implementation of simulation goggles into the OSH training system can 

significantly support the development of a safety culture and have a preventive 

effect on reducing the incidence of workplace incidents and serious injuries. 

Keywords: risk management, immersive training, human factor, safety culture, 

incident. 

1 Introduction 

A safety culture can be regarded as a component of organisational culture that relates 
to the individual, work-related and organisational characteristics affecting the safety 
and health of employees. A positive safety culture creates an atmosphere in which em-
ployees recognise the risks they face in the workplace and remain constantly aware of 
them. We therefore regard safety culture as an important management tool that helps to 
shape employees’ beliefs, attitudes and behaviour relating to safety [1]. It is defined as 
those aspects of organisational culture that influence attitudes and behaviour relating to 
increasing or reducing risk [2]. Alternatively, it is defined as a combination of percep-
tual attitudes and behaviours that produce performance outcomes capable of driving the 
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organisation forward, and as an embodiment of attitudinal behaviour and mutual un-
derstanding aimed at creating safety performance, which is understood and becomes a 
priority within the organisation [3]. 

Common OSH metrics in corporate social responsibility reports, which are favoured 
by investors, relate to reporting on occupational safety and health management systems 
[4]. Consequently, organisations often include accident frequency rates in these reports 
[5–7]. Zwetsloot et al. identified six factors as key health and safety indicators. These 
were: whether a director was named as a health and safety champion; the level of re-
porting on health and safety management systems; the number of fatalities; the lost-
time injury rate; the absenteeism rate; and the costs of health and safety losses [8]. 
Investors often push for change by demanding improvements in specific areas [9]. 

A high level of management commitment, a low fatalism, a high priority on safety 
and a high level of risk awareness appear to be the ideal combination of management 
attitudes in the field of safety and accident prevention [10]. As part of risk planning and 
prevention, organisations strive to prevent various safety incidents. The use of simula-
tion goggles as an immersive learning tool appears to be an effective means of raising 
staff awareness regarding the prevention of workplace incidents. Amongst the tools 
utilising the principle of immersion, simulation goggles are cost-effective and, in par-
ticular, widely applicable in various work environments across different job roles. 

2 State of the art review on key concepts 

In the following section, we will focus on clarifying the link between risk management 
and the human factor in the workplace. Human capital is one of the most valuable re-
sources an organisation has at its disposal for achieving its objectives, which is pre-
cisely why the prevention of safety incidents is one of the key areas of risk management. 
A system of training and education programmes is a tool for effectively raising staff 
awareness of safety culture; such programmes can help to eliminate staff absences from 
the workplace caused by accidents at work and resulting inability to work. 

2.1 Risk management 

The professional literature emphasises that systematic risk management is one of the 
key tools supporting organisations’ strategic and operational decision-making with the 
aim of enhancing their competitiveness. The ISO 31000 standard defines risk as ‘the 
effect of uncertainty on objectives’. According to this definition, risk and uncertainty 
are fundamentally interlinked; efforts to reduce or mitigate risk are efforts that address 
the effects of uncertainty. An effect is then defined as a deviation from expectations 
[11]. 

Whilst the general management standard ISO 31000 defines risk neutrally as “the 
effect of uncertainty on objectives” (which may also be positive), in the field of occu-
pational safety and health (OSH) under ISO 45001, the concept of risk is strictly linked 
to negative impacts – that is, exclusively to the probability and severity of harm to 
human health or injury. However, an organisation does not merely seek out threats, but 
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also opportunities to improve safety (e.g. training using modern technologies, adapting 
the working environment, purchasing more modern equipment, eliminating monoto-
nous work, etc.) [11–14]. 

Risk assessment plays a key role in mitigating potential risks associated with organ-
isational activities. By implementing proper risk assessment and management, organi-
sations can identify, analyse, evaluate, minimise and capitalise on positive opportuni-
ties arising from risks, transforming them into innovations [15,16]. 

2.2 Occupational risks and incidents in work processes 

The assessment of occupational risks requires a comprehensive evaluation of their 
causes and potential consequences. Current scientific research highlights the need to 
take into account not only the direct impacts on employees’ health, but also the psy-
chosocial factors of the working environment, ergonomic aspects of workplaces, the 
long-term health consequences of exposure to risk factors, as well as the economic con-
sequences associated with work-related accidents, staff absences, a decline in labour 
productivity, and increased costs for healthcare and compensation. Such a multidimen-
sional assessment enables more accurate prioritisation when adopting measures to re-
duce risks. Risk assessment is essential for making informed decisions on the preven-
tion of occupational risks. Workers’ health and safety conditions can be improved 
through the issuance of voluntary certifications, such as ISO 45001 [17,18]. 

Work processes, as integrated systems, depend on the interaction between the human 
factor and technology [19,20]. This coexistence can lead to unpredictable situations 
[21], which are referred as incidents [12,22]. An incident is a work-related event(s) that 
occurred during the course of work or in connection with work and which resulted in, 
or could have led to, injury or damage to health [12]. The standard explains that the 
term ‘incident’ covers three situations: 

1 Work-related accident / occupational disease: An incident in which an injury 
or damage to health has occurred. 

. 

2 Near-miss: An incident in which no injury occurred, but it was a very close 
call (e.g. a falling brick misses a worker by a few centimetres). In Slovak leg-
islation, this is referred to as a hazardous event. 

. 

3 Accident: An incident resulting in property damage or a hazard, where an in-
jury could have occurred but did not (e.g. a fire in a warehouse at the weekend 
when no one was there) [12]. 

. 

In corporate practice, particular attention is paid to incidents designated as SIF. SIF 
is an acronym used to denote ‘serious injury and failure’, ‘significant injury and fail-
ure’, or ‘significant injury and fatality’ [4, 23, 24]. 

Several authors [16–18] have pointed out that not every injury leads to more serious 
incidents classified as SIFs and have introduced the category ‘Potential SIF’ (PSIF) or 
‘SIFp’, which corresponds to a ‘near-miss’ [12]. Cooper [4] argues that a PSIF can be 
detected even before it occurs. This approach is referred as proactive, and a PSIF is 
defined as dangerous behaviour or a dangerous condition that was detected before it 
developed into a SIF. Cooper [4] also describes a reactive approach, in which a PSIF is 
either an incident that caused a minor injury which could have led to a life-threatening 
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or life-altering injury, or an incident in which a human factor was exposed to the release 
of some form of energy, which could have led to a life-threatening or life-altering in-
jury. Parikh et al [25] emphasise that PSIFs must be addressed as early as the risk as-
sessment process, as this is the only way to reduce the occurrence of incidents with 
serious implications for the human factor at the preventative stage. 

2.3 Immersive training 

Organisations carry out various forms of full-scale exercises (FSE), which represent the 
most resource-intensive approach, involving the physical deployment of personnel and 
resources. However, they entail significant financial costs, which limit the availability 
of such exercises and may create a false sense of security if they are poorly designed or 
executed [26]. An alternative approach to providing more practical training experiences 
without the logistical demands is the method of tabletop exercises (TTE), which are far 
more cost-effective than FSE [27,28]. Whilst these methods allow for the comparison 
of cognitive outcomes, they do not facilitate the development of operational and prac-
tical skills, or resilience to stress [26]. However, technological advances make it possi-
ble to bridge the educational gap between the two training options and create an envi-
ronment for simulating hazardous situations in a safe setting. 

Immersive technologies such as virtual reality (VR), augmented reality (AR) and 
mixed reality (MR) offer the potential to create an immersive training environment that 
‘combines the psychological realism of FSE with the accessibility and repeatability of 
TTE’ [29,30]. Immersive technologies offer the opportunity to enrich learning experi-
ences through increased motivation, better conceptual understanding and the develop-
ment of soft skills [31,32]. 

 The concept of immersion is based on multisensory engagement, with the aim of 
inducing a sense of presence through a scenario simulating a real-world environment. 
However, creating individual scenarios is demanding in terms of both financial re-
sources and personnel and time. In the field of corporate safety, simulation goggles 
appear to be a more accessible tool for raising awareness. These work on the principle 
of visually distorting reality and creating a sensory barrier, which evokes authentic 
emotional and physical reactions [33]. Immersive learning is not a passive way of ab-
sorbing information, but rather ‘learning by doing’ [34]. Sensory distortion makes it 
more difficult to perform routine tasks; however, there is no digital feedback from the 
environment in response to the user’s actions. The use of simulation goggles forces the 
individual to actively solve problems under challenging conditions, which leads to more 
effective memorisation and the integration of theoretical knowledge in the human mind. 

3 Methodology 

Paper draws upon scholarly publications and databases and is based on publicly avail-
able data. Its aim was not to strictly confirm or refute claims regarding the relationship 
between the number of incidents and the unemployment rate, but rather to provide a 
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descriptive analysis of the development of this relationship in the context of the Slovak 
Republic. 

Data from the database of the Statistical Office of the European Union were used to 
analyse the incidents. Annual statistics on workplace accidents were compared with 
time series of data on the annual unemployment rate in the European Union and in the 
Slovak Republic. Unemployment data were obtained from the European Labour Force 
Survey and represent the percentage of the labour force (i.e. people aged 15–74). Data 
were available for the period 2016–2025. Work-related accidents were not recorded as 
absolute figures; instead, to enhance the interpretability of the results, incidence rates 
(number of cases per 100,000 workers) were compared across the categories of serious 
(non-fatal) and fatal accidents. Work-related accidents were also analysed in terms of 
absence from work, where the total number of periods of incapacity for work was rec-
orded, regardless of their duration. On Eurostat, only data on work-related accidents for 
the years 2015–2023 were fully available; for the Slovak Republic, data for 2024 were 
also available. The data on workplace accidents do not include road traffic accidents or 
accidents involving employees in security services such as: armed forces occupations; 
customs and border inspectors; police inspectors and detectives; protective services 
workers: fire-fighters; police officers; prison guards; security guards; and protective 
services workers not elsewhere classified. All available data were included in the anal-
ysis. 

4 Results 

Statistics on work-related accidents are based on national regulations and standards 
governing their severity and the obligation to report them. In the Slovak Republic, the 
National Labour Inspectorate is responsible for compiling these statistics and bases its 
assessment of work-related accidents on the Labour Code and the Act on Safety and 
Health at Work [35]. To harmonise diverse data, Eurostat classifies work-related acci-
dents into just two categories: fatal and non-fatal accidents (severity 4 days or over) 
[36]. 

Following on Cooper [4] – who highlighted the fact that there is a certain correlation 
between a country’s economic development and the rate of workplace accidents – the 
authors decided to observe this relationship in conditions of Slovak Republic. For the 
comparison, they selected the unemployment rate, which, with a slight lag, mirrors the 
pace of economic growth and the rate of work-related incidents. Their findings are il-
lustrated in Figures 1 and 2. 
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Fig. 1. Trends in serious workplace accidents and unemployment in the EU-27 and the 
Slovak Republic [37,38] 

 
Fig. 2. Trends in fatal workplace accidents and unemployment in the EU-27 and the 
Slovak Republic [37,39] 

Figures 1 and 2 illustrate trends in the unemployment rate and in fatal workplace acci-
dents (Fig. 1) and serious workplace accidents (Fig. 2) across the 27 countries of the 
European Union and in Slovakia. For both types of workplace accidents, it is clear that 
their numbers mirror trends in the unemployment rate. This may reflect what is known 
as presentism, whereby an employee continues to work despite being ill or having suf-
fered a minor workplace accident, but is unable to perform at full capacity [40]. 

However, when examining the number of workplace accidents in terms of inability 
to work, a different trend can be observed; see Figures 3 and 4. As the unemployment 
rate falls, there is an increase in workplace accidents. This may be related to: 

• a shortage of skilled labour, which means that employers are forced to hire 
employees without experience, often facing a language barrier, who do not 
fully understand or underestimate safety regulations, resulting in an increased 
number of cases of incapacity for work; 

 



   

 

 

• the psychological effect of job certainty and the associated possibilities for 
treating neglected health conditions. 
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Fig. 3. Trends in work inability and unemployment in the Slovak Republic [37,41] 

 
Fig. 4. Trends in work inability and unemployment in the EU-27 [37,41] 

If companies are unable to choose from a pool of qualified candidates, it is advisable, 
as part of the induction training for new employees, to establish and reinforce their 
connection to the organisational culture and the safety culture that stems from it. Em-
ployees will adopt the desired behaviour and accept the procedures and standards that 
have been established as rules by management. 

The Statistical Office of the European Union obtains data on accidents at work from 
the European Statistics on Accidents at Work (ESAW), which are supplemented on the 
basis of data provided by the relevant national institutions. However, each employer 
develops its own reporting method, with increasing emphasis being placed on monitor-
ing SIFp and, above all, on the prevention of accidents with serious consequences.  

The occurrence of workplace accidents is determined by a complex interaction of 
technical, organisational, environmental and human factors. The most common factors 
contributing to workplace accidents include the inadequate use of personal protective 
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equipment, hazardous working conditions, fatigue, work-related stress, insufficient ed-
ucation and training of employees, reduced concentration, and violations of safety reg-
ulations [15,16]. For this very reason, employee training in occupational safety and 
health appears to be a suitable tool for preventing workplace incidents. For organisa-
tions, the economic aspect of prevention expenditure is particularly important, and 
therefore the choice of a suitable and effective tool is crucial. 

5 Discussion 

Employers are increasingly drawing attention to the growing occurrence of factors that 
may adversely affect employees’ work performance and safe behaviour. Among the 
significant causes of incidents and workplace accidents is poor work organisation, 
which may also be caused by the consumption of alcoholic beverages or other narcotic 
and psychotropic substances [42,43]. Work-related accidents may also be caused by 
excessive fatigue, sleep deprivation, psychological stress, or a combination of various 
forms of work-related and non-work-related stress. These factors significantly reduce 
the ability to perceive risks correctly, slow reaction times, and impair coordination, 
decision-making and situational awareness, thereby increasing the likelihood of work-
place accidents and serious safety incidents. One of the tools for preventing workplace 
accidents is staff training (human factor). Modern approaches to training, including in 
the field of health and safety at work, are gradually shifting away from the passive 
delivery of information towards experiential and interactive forms of learning. Immer-
sive training delivered via simulation goggles is a preventative tool aimed at raising 
safety awareness, developing the reliability of the human factor and eliminating risky 
behaviour [44]. Through experiential learning, it enables a better understanding of the 
consequences of reduced psychomotor ability on safe work performance, thereby pro-
moting more effective prevention of workplace accidents. Simulation goggles can also 
be used as part of OSH training of employees. These simulation goggles serve as an 
innovative tool for simulating selected effects and are used primarily for educational 
purposes and in the field of prevention. 

As part of prevention efforts, the following simulation goggles can be used during 
training: 

• the effects of alcohol (intoxication, various blood alcohol levels), 
• a state of intoxication combined with impaired lighting conditions,  
• a state resulting from drug use or a medication overdose,  
• a state resulting from the use of ecstasy,  
• a state resulting from the use of cannabis,  
• the effects of sleep deprivation and fatigue caused by a lack of sleep.  

The inclusion of simulation goggles in practical training enables the creation of realistic 
simulated situations, supports the development of an organisation’s safety culture, and 
raises employees’ individual awareness of the consequences of reduced work capacity. 
During training, simulation goggles primarily affect visual perception and motor coor-
dination, whilst actual intoxication also affects higher cognitive functions, decision-
making, behavioural inhibition, attention and judgement. Their significance therefore 
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does not lie in the exact reproduction of neuropsychological processes, but in support-
ing experiential learning, developing safety awareness and facilitating discussion of the 
risks associated with performing work under the influence of factors causing reduced 
work capacity [44]. 

The implementation of simulation goggles in human factor training within the frame-
work of occupational safety and health (OSH) and the prevention of workplace acci-
dents should be based on a risk analysis of the specific job role and the identification 
of activities in which reduced work capacity may significantly affect workplace safety. 
Training should be conducted using simulated scenarios that replicate the real work 
tasks of the job role as faithfully as possible, with all activities taking place in a con-
trolled and safe environment under the expert supervision of a trainer. Work tasks must 
be carried out in accordance with safe working procedures and using all the personal 
protective equipment allocated for the role in question. While performing a work task, 
the trainer records the correctness of the procedure, any errors, and, where applicable, 
the time taken to complete the task. During training with simulation goggles, employees 
gain first-hand experience of the limitations on visual perception, coordination of 
movements and spatial orientation. 

In terms of methodology, training using simulation goggles can be implemented in 
the following steps: 

1 Introduction, explanation of the training objectives, conditions and instructions 
regarding the simulation goggles and the tasks to be carried out. 

. 

2 Completion of a reference task without simulation goggles. . 
3 Repeating the same task using simulation goggles. . 
4 Professional reflection and analysis of errors. . 
5 Performing the task again without the goggles, applying the knowledge gained. . 

When performing work tasks, this proposed training procedure allows comparison of 
staff performance, promotes experiential learning and facilitates the transfer of acquired 
experience into real-world work practice. 

The purchase price of VR hardware suitable for individual users starts at €500. This 
is a one-time investment. The use of this equipment by a commercial enterprise is as-
sociated with an annual licence fee of approximately €2,000. In the corporate sector, 
however, stricter security requirements apply, and the annual licence fee can rise to as 
much as €16,000 for a specific legal entity. As a corporation comprises several legal 
entities, the total annual licence fee increases proportionally. From an economic per-
spective, simulation goggles represent a more affordable tool for supporting occupa-
tional safety and health (OSH) training; the purchase price of a single pair is €179.00, 
which is relatively low compared with the potential costs associated with workplace 
accidents or loss of work capacity. A significant benefit of this tool is its reusability in 
initial, periodic and specialised OSH training, as well as in practical training for em-
ployees across a range of occupational roles. Its long service life and minimal running 
costs enhance allow it to be used across multiple training cycles without the need for 
additional financial input. From the perspective of preventive strategies, the implemen-
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tation of simulation goggles can be regarded as an investment that supports the devel-
opment of a safety culture, raises awareness of risks and fosters the adoption of safe 
behaviour through experiential learning. 

At the same time, the findings of available scientific studies confirm that effective 
occupational safety management requires a proactive approach from organisations, re-
gardless of their size or sector of operation. 

The development of a safety culture, the use of modern methods for identifying, 
analysing and assessing risks, the digitalisation of OSH processes, the active involve-
ment of employees and the systematic monitoring of safety performance indicators cre-
ate the fundamental conditions for the continuous improvement of occupational safety 
and health and the long-term sustainability of the safety management system. The anal-
ysis of human and organisational factors plays a key role in identifying system vulner-
abilities by examining both work systems and the individuals operating them. Human 
factors focus on understanding human behaviour and performance with the aim of re-
ducing the likelihood of accidents. The field of human factors is inherently interdisci-
plinary and encompasses perspectives from psychology, social psychology, ergonom-
ics, management and sociology [18,45]. 

6 Conclusion 

Based on an analysis of statistical data on workplace accidents in the European Union 
and Slovakia, as well as findings from the professional literature, the authors highlight 
the need for proactive risk management, the identification of potentially serious inci-
dents (SIFp) and the systematic development of employees’ safety awareness. High-
quality training of staff plays a significant role in this, as it enhances their ability to 
recognise risks before a workplace accident occurs. 

Simulation goggles enable the safe simulation of the effects of fatigue, sleep depri-
vation, alcohol or intoxicating substances, which negatively affect visual perception, 
coordination of movements, spatial orientation and the ability to carry out work activi-
ties safely. Employees can thus, under controlled conditions, experience the conse-
quences of reduced fitness for work without being exposed to any real danger. The 
personal experience gained in this way significantly increases risk awareness, promotes 
responsible decision-making and contributes to the long-term adoption of safe working 
habits. Simulation goggles are most effective when combined with expert guidance, a 
risk analysis of the specific workplace, practical training in work activities and subse-
quent reflection on the experience gained. The proposed training methodology consists 
of a reference performance of a work task, its repetition using simulation goggles, an 
expert analysis of the errors made, and the task being performed again using the 
knowledge acquired. This approach supports the transfer of knowledge into real-world 
work practice and the development of the organisation’s safety culture. 

Cost-effectiveness is another significant advantage. Compared with virtual reality or 
complex training simulations, simulation goggles represent a more cost-effective solu-
tion that can be used repeatedly for initial, periodic and specialised staff training. 
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Thanks to their low running costs, they are also accessible to organisations with limited 
resources. 

The practical use of simulation goggles is particularly suitable for job roles where 
reduced attention, fatigue or poor decision-making can lead to serious workplace acci-
dents (SIF). The training enables employees to safely identify their own limits and un-
derstand the link between human factors and the occurrence of incidents. In doing so, 
it promotes a preventive approach to safety and health at work and helps to reduce the 
number of workplace accidents and potentially serious incidents. 

A limitation of the present paper is the availability of relevant data. At the time of 
its preparation, data collection and evaluation from the experimental testing of immer-
sive glasses under real workplace conditions were still ongoing. However, the complete 
results were not yet available, and it was therefore not possible to formulate relevant 
conclusions based on the experimental validation. For this reason, the authors primarily 
focused on the analysis of publicly available data, from which only the basic relation-
ships between the unemployment rate and the number of occupational accidents could 
be identified. Had data on the number of training sessions conducted, the number of 
occupational accidents, and the SIF values within specific organisations been available, 
the analysis of these relationships could have been considerably more detailed and 
might have revealed further associations among the variables under investigation. Fu-
ture research by the authors will focus on the evaluation of data obtained through ex-
perimental observation and testing, thereby providing opportunities for a deeper under-
standing of the issue under study and for the formulation of more precise scientific 
conclusions. 
Acknowledgements. This paper was supported by the project VEGA 1/0743/25 In-
creasing the Sustainability and Value of Enterprises through Process Risk Management, 
and the project ERASMUS+ KA220 – SAFAR – Situational Awareness Training of 
Firefighters within an Immersive XR Training Site 

Disclosure of Interests. The authors have no competing interests to declare that are 
relevant to the content of this article. 

References 

1 GLENDON, I. 2008. Safety Culture: Snapshot of a Developing Concept. Journal of Occu-
pational Health and Safety - Australia and New Zealand 2008, 24, 179-189. 

. 

2 GULDENMUND, F.W. 2000. The Nature of Safety Culture: A Review of Theory and Re-
search. Safety Science 2000, 34, 215–257, doi:10.1016/S0925-7535(00)00014-X. 

. 

3 RESTUPUTRI, D.P.; GIRALDI, M.S.; DEWI, S.K.; MASUDIN, I.; YULIATI, U. 2023. 
Relationship between safety culture and the safety climate, safety behavior and safety man-
agement. Majalah Ilmiah Pengkajian Industri 2023, 15, 105–114, 
doi:10.29122/mipi.v15i2.4601. 

. 

4 COOPER, M.D. 2019. The Efficacy of Industrial Safety Science Constructs for Addressing 
Serious Injuries & Fatalities (SIFs). Safety Science 2019, 120, 164–178, 
doi:10.1016/j.ssci.2019.06.038. 

. 



  

 

5 IDOWU, S.O.; TOWLER, B.A. 2004. A Comparative Study of the Contents of Corporate 
Social Responsibility Reports of UK Companies. Management of Environmental Quality: 
An International Journal 2004, 15, 420–437, doi:10.1108/14777830410540153. 

. 

6 ROCA, L.C.; SEARCY, C. 2012. An Analysis of Indicators Disclosed in Corporate Sustain-
ability Reports. Journal of Cleaner Production 2012, 20, 103–118, doi:10.1016/j.jcle-
pro.2011.08.002. 

. 

7 KOSKELA, M. 2014. Occupational Health and Safety in Corporate Social Responsibility 
Reports. Safety Science 2014, 68, 294–308, doi:10.1016/j.ssci.2014.04.011. 

. 

8 ZWETSLOOT, G.; STARREN, A.; SCHENK, C.; HEUVERSWYN, K.; KAUPPINNEN, 
K.; LINDSTROM, K.; KUHN, K.; ZWINK, E.; LENTISCO, F.; VASELLI, D.; ET AL. 
2004. Corporate Social Responsibility and Safety and Health at Work. 2004. 

. 

9 DYCK, A.; LINS, K.; ROTH, L.; WAGNER, H. 2018. Do Institutional Investors Drive Cor-
porate Social Responsibility? International Evidence. Journal of Financial Economics 2018, 
131, doi:10.1016/j.jfineco.2018.08.013. 

. 

10 RUNDMO, T.; HALE, A.R. 2003. Managers’ Attitudes towards Safety and Accident Pre-
vention. Safety Science 2003, 41, 557–574, doi:10.1016/S0925-7535(01)00091-1. 

. 

11 ISO 31000:2018 Available online: https://www.iso.org/standard/65694.html (accessed on 
14 March 2025). 

. 

12 ISO 45001:2018 Available online: https://www.iso.org/standard/63787.html (accessed on 
14 March 2025). 

. 

13 KELÍŠEK, A.; KUBÁS, J.; BALLAY, M.; PETRLOVÁ, K. 2023. The use of virtual reality 
for the education of crisis managers in municipalities. INTED2023 Proceedings 2023, 8014–
8020, doi:10.21125/inted.2023.2181. 

. 

14 KUBÁS, J.; TITKO, M.; RISTVEJ, J.; KOLLÁR, B. 2024. Use of information systems in 
education of crisis managers. EDULEARN24 Proceedings 2024, 7821–7826, 
doi:10.21125/edulearn.2024.1833. 

. 

15 AYUNDYAHRINI, M.; WIDIANTI, T.; FIRDAUS, H.; AZZUMAR, M.; EGA, A.V.; 
RAKHMAWATI, T.; DAMAYANTI, S.; SUMAEDI, S.; DINASEVIANI, A.; 
SYAHLANI, N.; ET AL. 2026. A Novel Risk Assessment Framework: Integrating Fuzzy 
Failure Mode and Effect Analysis with ISO 31000 and ISO 9001 Standards. International 
Journal of Quality & Reliability Management 2026, 43, 1217–1247, doi:10.1108/IJQRM-
09-2025-0310. 

. 

16 MURRAY, J.; ENANG, I. 2022. Risk Assessment: The Three Eras of Risk Assessment. 
2022, doi:10.1108/978-1-80043-692-320221002. 

. 

17 ANAYA-AGUILAR, R.; SUÁREZ-CEBADOR, M.; RUBIO-ROMERO, J.C.; GALINDO-
REYES, F. 2018. Delphi Assessment of Occupational Hazards in the Wineries of Andalusia, 
in Southern Spain. Journal of Cleaner Production 2018, 196, 297–303, doi:10.1016/j.jcle-
pro.2018.06.008. 

. 

18 GONYORA, M. 2026. When More Becomes Less: Re-Examining Permit-to-Work, Proce-
dures, and Communication as Risk-Management Controls. Journal of Safety and Sustaina-
bility 2026, doi:10.1016/j.jsasus.2026.04.003. 

. 

19 READ, G.J.M.; SHORROCK, S.; WALKER, G.H.; SALMON, P.M. 2021. State of Science: 
Evolving Perspectives on ‘Human Error.’ Ergonomics 2021, 64, 1091–1114, 
doi:10.1080/00140139.2021.1953615. 

. 

20 SUNMOLA, F.T.; JAVAHERNIA, A. 2021. Manufacturing Process Innovation Deploy-
ment Readiness from an Extended People, Process, and Technology Framework Viewpoint. 
Procedia Manufacturing 2021, 55, 409–416, doi:10.1016/j.promfg.2021.10.056. 

. 

21 DABKOWSKI, E.; PORTER, J.E.; SMITH, W.; FERNANDO, A.; SEAWARD, L.; SIMIC, 
M. 2025. Systemic Factors in Workplace Accidents: An Umbrella Review of Series Injuries 

. 

Proactive Risk Management and Building a Safety Culture Through …             177



 

 

and Fatalities. Social Sciences & Humanities Open 2025, 12, 101944, 
doi:10.1016/j.ssaho.2025.101944. 

22 MCCAULEY KRISH, K. 2023.Learning from Incidents and Recovering Resiliently: Inte-
grating Incident Management into Preventive Care Practices. Journal of the Institute of Con-
servation 2023, 46, 224–240, doi:10.1080/19455224.2023.2251548. 

. 

23 ROBINSON, G. 2020. Serious Injury and Fatality Prevention (SIFP): A Structured Program 
Designed to Prevent Serious Injuries and Fatalities in the Workplace. The APPEA Journal 
2020, 60, 523–526, doi:10.1071/AJ19015. 

. 

24 PETROVA, V.A. 2025. Correlational Analysis of Injury Risk Based on the Injury Distribu-
tion Pyramidal Model. Bezop Tr Prom 2025, 2025, 75–81, doi:10.24000/0409-2961-2025-
7-75-81. 

. 

25 PARIKH, P.; PENFIELD, J.; JUAIRE, M. 2024. Automatic Identification of Incidents In-
volving Potential Serious Injuries and Fatalities (PSIF). Sci Rep 2024, 14, 8091, 
doi:10.1038/s41598-024-58824-y. 

. 

26 WARING, S.; MOISI, I.; BARRETT, C.; GORDTS, S.2024. Identifying What Components 
of Full-Scale Emergency Exercises Improve Disaster Response Learning: A Rapid Evidence 
Assessment. International Journal of Disaster Risk Reduction 2024, 104, 104390, 
doi:10.1016/j.ijdrr.2024.104390. 

. 

27 ALAKRAWI, G.; AL-WATHINANI, A.; GÓMEZ -SALGADO, J.; ALOBAID, A.; 
ABAHUSSAIN, M.; ALHAZMI, R.; MOBRAD, A.; JEBREEL, A.; ALTHUNAYYAN, 
S.; GONIEWICZ, K. 2024. Evaluating the Efficacy of Full-Scale and Tabletop Exercises in 
Enhancing Paramedic Preparedness for External Disasters: A Quasi-Experimental Study. 
Medicine 2024, 103, e40777, doi:10.1097/MD.0000000000040777. 

. 

28 SENA, A.; FORDE, F.; YU, C.; SULE, H.; MASTERS, M.M. 2021. Disaster Preparedness 
Training for Emergency Medicine Residents Using a Tabletop Exercise. MedEdPORTAL 
17, 11119, doi:10.15766/mep_2374-8265.11119. 

. 

29 DAVIS, R.O.; KI, S.; LEE, J.H.; RYU, J. 2026. A Scoping Review of Government Emer-
gency Response and First Responder Training with Immersive Technologies. Safety Science 
2026, 203, 107316, doi:10.1016/j.ssci.2026.107316. 

. 

30 HOLLÁ, K.; KOČKÁR, S.; PLUKTAITE, J.; RISTVEJ, J. 2025. Immersive Training and 
Education Using Mixed Reality. In Proceedings of the Proceedings of the 6th Global Summit 
of the Global Alliance of Disaster Research Institutes; Tatano, H., Kovacs, P., James, W., 
Eds.; Springer Nature: Singapore, 2025; pp. 514–523. doi: 10.1007/978-981-96-6609-6_34. 

. 

31 HÄFNER, P. 2020. Categorization of the Benefits and Limitations of Immersive Environ-
ments for Education; 2020; p. 159. doi: 10.46354/i3m.2020.mas.020. 

. 

32 KURICOVÁ, A.; KOČKÁR, S.; HOLLÁ, K. 2024. Innovative forms of education using 
virtual and augmented reality. Scenarios and simulations and their possibility of use in the 
teaching process. INTED2024 Proceedings 2024, 4128–4135, 
doi:10.21125/inted.2024.1058. 

. 

33 BRUNETTI, R.; FERRANTE, S.; AVELLA, A.M.; INDRACCOLO, A.; DEL GATTO, C. 
2024. Turning Stories into Learning Journeys: The Principles and Methods of Immersive 
Education. Front. Psychol. 2024, 15, doi:10.3389/fpsyg.2024.1471459. 

. 

34 MORRIS, T.H. 2020. Experiential Learning – a Systematic Review and Revision of Kolb’s 
Model. Interactive Learning Environments 2020, 28, 1064–1077, 
doi:10.1080/10494820.2019.1570279. 

. 

35 Národný inšpektorát práce-Orgán štátnej správy v oblasti inšpekcie práce Definície 
(311;2001) Available online: https://www.ip.gov.sk/bozp/pracovne-urazy/definicie-311-
2001/ (accessed on 20 July 2026). 

. 

178             S. Strelcova et al.



  

 

 
 

36 European Commission. Statistical Office of the European Union. European Statistics on Ac-
cidents at Work (ESAW): Summary Methodology.; Publications Office: LU, 2012; 

. 

37 Eurostat Unemployment by Sex and Age - Annual Data Available online: https://ec.eu-
ropa.eu/eurostat/databrowser/product/page/UNE_RT_A (accessed on 20 July 2026). 

. 

38 Eurostat Non-Fatal Accidents at Work by NACE Rev. 2 Activity and Sex Available online: 
https://ec.europa.eu/eurostat/databrowser/product/page/HSW_N2_01 (accessed on 20 July 
2026). 

. 

39 Eurostat Fatal Accidents at Work by NACE Rev. 2 Activity Available online: https://ec.eu-
ropa.eu/eurostat/databrowser/product/page/HSW_N2_02 (accessed on 20 July 2026). 

. 

40 Prezentizmus | Safety and Health at Work EU-OSHA Available online: https://osha.eu-
ropa.eu/sk/tools-and-resources/eu-osha-thesaurus/term/62185d (accessed on 20 July 2026). 

. 

41 Eurostat Accidents at Work by Days Lost, Sex and Age (NACE Rev. 2 Activity A, C-N) 
Available online: https://ec.europa.eu/eurostat/databrowser/product/page/HSW_MI02 (ac-
cessed on 20 July 2026). 

. 

42 McCARTNEY, D.; DESBROW, B.; IRWIN, C. 2017. Using Alcohol Intoxication Goggles 
(Fatal Vision® Goggles) to Detect Alcohol Related Impairment in Simulated Driving. Traf-
fic Injury Prevention 2017, 18, 19–27, doi:10.1080/15389588.2016.1190015. 

. 

43 IRWIN, C.; DESBROW, B.; McCARTNEY, D. 2019. Effects of Alcohol Intoxication Gog-
gles (Fatal Vision Goggles) with a Concurrent Cognitive Task on Simulated Driving Perfor-
mance. Traffic Injury Prevention 2019, 20, 777–782, doi:10.1080/15389588.2019.1669023. 

. 

44 CASEY, T.; TURNER, N.; HU, X.; BANCROFT, K. 2021. Making Safety Training Stick-
ier: A Richer Model of Safety Training Engagement and Transfer. Journal of Safety Re-
search 2021, 78, 303–313, doi:10.1016/j.jsr.2021.06.004. 

. 

45 LYONS, M.; ADAMS, S.; WOLOSHYNOWYCH, M.; VINCENT, C. 2004. Human Reli-
ability Analysis in Healthcare: A Review of Techniques. International Journal of Risk & 
Safety in Medicine 2004, 16, 223–237, doi:10.3233/JRS-2004-321. 

. 

Proactive Risk Management and Building a Safety Culture Through …             179



180             S. Strelcova et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

http://creativecommons.org/licenses/by-nc/4.0/

	Proactive Risk Management and Building a Safety Culture Through Modern Training Devices



