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Abstract 

In two experimental studies, we compared a safety training given via immersive virtual 

reality with one given via PowerPoint in their effects on risk perception, learning, and risky 

choices. In Study 1, we compared the two methods in a sample of apprentices (N = 53) and also 

investigated whether participants’ conscientiousness and locus of control moderated the effects 

of the safety training. In Study 1, we found an effect of training method on the change in risk 

perception in terms of probability judgments and on risky decisions but not on learning. In Study 

2 (N = 68), we sought to replicate Study 1 and also tested whether domain-specific risk attitudes 

affected risk perception and choice. Furthermore, long-term effects of the safety training on 

information recall and risk perception after a 6-month interval were assessed. The effects found 

in Study 1 could not be replicated in Study 2. Neither study found an interaction between 

presentation medium and personality. We conclude that the costly procedure of immersive VR 

does not seem justified for safety training because the less costly PowerPoint procedures with 

vivid film scenes did not fare significantly worse with respect to changes in risk perception, 

learning outcomes, or decision making. 
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Comparing Immersive Virtual Reality and PowerPoint as Methods for Delivering a Safety 

Training: Impacts on Risk Perception, Learning, and Decision Making 

1. INTRODUCTION 

Would you consider a pillar power drill a hazard to your health? Would you carefully 

study safety information before using such a power drill? Most likely the answer to both 

questions is no even though using a pillar power drill can lead to severe accidents. What are 

effective ways to change risk perceptions and behavior in the face of such seemingly harmless 

machines? 

Instruction methods can differ with respect to their degree of immersion; there is no 

immersion when text-based instruction is employed, low immersion when media involving video 

and sound is used, and high immersion when the learner actually experiences the situation in 

question. In the present paper, we test whether trainings that are low or high in immersion differ 

in their effects on risk perception, learning, and decision making. We studied immersive VR 

technology as an innovative medium that can be employed to convey safety information, and we 

tested whether a VR-based safety training led to more learning, increased risk perception, and 

changes in decision making in comparison with a PowerPoint presentation conveying the same 

information.  

A recent analysis of workplace injuries across work domains in the 10-year period from 

1998 to 2008 in Ontario, Canada showed that absence rates due to injury were three times higher 

in novices than in workers who had at least 1 year of job experience in the present job 

(Morassaei et al., 2013). Thus, preventive measures that focus on novices might prove especially 

efficient for reducing the absolute number of workplace injuries. Safety trainings are one 
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standard means of prevention, and recently, immersive VR has been suggested as an innovative 

way to present such a training (e.g., Sacks et al., 2013; Zaalberg and Midden, 2013). But are such 

innovative methods in fact more effective than more traditional approaches in raising awareness 

and promoting safe conduct?  

Out of an array of constructs from the empirical literature, a meta-analysis by Christian et 

al. (2009) identified three predictors as repeatedly standing out as particularly relevant for 

ensuring safe performance: safety knowledge and safety motivation as proximal person-related 

factors and general risk-taking propensity as a distal person-related factor. Safety knowledge 

reflects an individual’s knowledge of how to perform safely. Safety motivation reflects “an 

individual’s willingness to exert effort to enact safety behaviors and the valence associated with 

those behaviors” (Neal & Griffin, 2006, p. 947; cf. Christian et al., 2009). Safety knowledge and 

safety motivation are important predictors of safety performance, which directly influences the 

likelihood of accidents and the overall number of workplace injuries (Christian et al., 2009). 

Furthermore, according to protection motivation theory (Maddux and Rogers, 1983) and the 

health belief model (Janz and Becker, 1984), risk perception in a given situation is an important 

prerequisite for safety motivation and results in health-protective behavior. Thus, risk perception, 

knowledge about hazards, and knowledge about safety measures are assumed to predict 

protective behavior in general. 

Weinstein (1993) explained that risk perception as a precondition for safety motivation is 

commonly regarded as consisting of two components: the perceived likelihood that an accident 

will occur (probability judgments) and the perceived severity of the consequences of such an 

accident (severity judgments). By contrast, knowledge about safety measures impacts beliefs 

about the efficacy of protective behavior (response efficacy) as well as the belief that one can use 
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these measures (self-efficacy). The relevance of these factors was shown in a meta-analysis 

across 65 studies (𝑁𝑁 ≈ 30,000) and 20 domains (Floyd et al., 2000): The findings showed 

moderate positive effects of severity judgments, probability judgments, response efficacy, and 

self-efficacy on adaptive intentions and behaviors.  

When considering the problem of reducing the risk of accidents among novices at work, 

theory and empirical evidence have suggested that safety interventions addressing risk 

perception on the one hand and improvements in safety-related knowledge on the other (for an 

overview, see Laughery & Wogalter, 2006) should be effective.  

1.1. Methods in Safety Training: The Importance of Learner Engagement 

The methods used to communicate safety information can be distinguished according to 

the extent of learner engagement during the dissemination of the information. Safety training 

conveyed through written descriptions can be considered to be on the lower end of engagement, 

whereas simulations and experiential learning are on the higher end. Past research has 

emphasized the importance of experience: For example, warnings in the form of written 

instructions, even when they are clearly understood, are not sufficient for instigating safe 

conduct (Zeitlin, 1994). Although a lack of negative events often leads to unrealistic optimism 

(Weinstein, 1984), the experience of a negative event is positively correlated with the accuracy 

of risk perceptions and the likelihood of showing preventative behavior (Weinstein, 1989). Burke 

et al. (2006) aggregated 95 studies with over 20,000 participants and showed that the safety 

trainings that were more engaging and experiential were also more effective.  

Drawing on the reasoning above and supported by meta-analytic findings (Christian et 

al., 2009), we argue that safety trainings utilizing experiential learning should be more successful 

in conveying information and changing behavior than passive methods. Thus, in order to be 
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effective, interventions should vividly depict hazards and the potential negative outcomes of 

certain behaviors as well as safety behavior.  

Immersive VR provides a presentation medium in which people can gain experience in 

situations that are rare and dangerous and thus cannot be staged. Immersive VR increases the 

impression of realness, an experience that has been termed the sense of being there (Steuer, 

1992) or more generally immersion (Bystrom et al., 1999). In fields such as behavioral therapy, 

immersive VR has successfully been used to reduce fear of flying (Mühlberger et al., 2006) and 

fear of spiders (Peperkorn et al., 2015). 

Past research on the use of immersive VR in the context of safety-related research  has 

investigated behavior during fire emergencies (Gamberini et al., 2003), aviation safety (Buttussi 

and Chittaro, 2017; Chittaro and Buttussi, 2015), safety behavior related to construction sites 

(Sacks et al., 2013), flooding (Zaalberg and Midden, 2013) and individual behavior in tunnel 

accidents (Kinateder et al., 2015, 2013; Mühlberger et al., 2015). Most of these scenarios were 

extreme situations that were obviously dangerous, and it has yet to be shown whether such safety 

trainings utilizing immersive VR are also effective in workplace settings that may erroneously be 

perceived as harmless.  

1.2. The Use of Immersive VR as a Medium in Safety Training 

Due to the properties of immersive VR, it can be assumed that safety trainings using this 

option can have an impact that is similar to the impact of personal experiences and will be more 

successful than formats that do not involve immersion. We will first review the small body of 

research that has suggested that immersive VR technology may impact learning, risk perception, 

and protective behavior more effectively than non-immersive technologies such as a PowerPoint 

presentation. Then, we will argue that previous studies comparing immersive VR with less 
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immersive presentation mediums that have been utilized to convey safety information are 

inconclusive. We then propose that a fair test of the effects of immersive technology should 

compare the VR format with a less immersive format that still conveys the same information. For 

example, the PowerPoint presentation should include pictures and filmed sequences rather than 

just written materials. 

Previous studies on the perception of the risk of flooding have found that risk information 

provided with immersive VR in comparison with traditional methods (film and slides) increased 

people’s motivation to search for safety-relevant information and affected some coping measures 

(i.e., buying insurance) but not others (i.e., evacuation intentions) and that the emotions that were 

elicited did not differ between conditions. The increase in coping intentions was mediated by the 

sense of presence, albeit the effect was only marginally significant (Zaalberg and Midden, 2013). 

In a study that compared a safety training given to prospective construction workers using 

immersive VR and traditional classroom instruction, the immersive VR condition resulted in 

better recall of safety-related knowledge, but there was no general change in risk perception. It is 

important to mention that the long-term effects in this study were not reliable because only 30% 

of the participants participated in the follow up after 1 month (Sacks et al., 2013), and this low 

rate may have led to strong selection effects. Comparing an aviation safety training given via a 

traditional method (i.e., safety cards) and an immersive method, knowledge retention was found 

to be higher when the immersive method was used (Chittaro and Buttussi, 2015).  

Other studies did not find that a general training delivered though immersive VR offered 

an advantage over a control condition when both conditions involved interaction and the material 

was vivid (Gavish et al., 2015; Moreno and Mayer, 2002). In fact, interactive and non-interactive 

serious games had similar positive outcomes for learning and changes in risk-severity perception 
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(Chittaro and Sioni, 2015), thus suggesting that vividness might play a particularly important 

role. Consistent with this finding, another study showed that procedural training with serious 

games led to more knowledge retention after 2 weeks than a non-interactive method, and there 

was no difference between immersive VR and an interactive desktop presentation (Buttussi and 

Chittaro, 2017). Thus, the findings from the studies that have suggested the greater effectiveness 

of immersive VR could also be due to the use of a serious game or to the greater vividness of the 

material in the immersive VR condition, which was not the case in the control condition. 

Regarding the question of whether immersive VR can be more effective than a traditional 

safety training, previous research as summarized above has shown clear evidence for an 

increased sense of presence in immersive VR, but the advantage of that sense of presence for 

learning, risk perceptions, and decisions is unclear for the following reasons. First, previous 

studies have typically used situations that are generally considered dangerous by the public, 

such as tunnel emergencies, terrorism, flooding, and airplane crashes. In these studies, there was 

an advantage of immersive VR regarding knowledge retention but not with regard to changes in 

risk perception. It is possible that the fact that risk perception did not change can be explained by 

considering that such situations (e.g., tunnel emergencies) are obviously dangerous, and thus, 

risk perception is already high. Therefore, the effects of immersive VR should be studied in 

situations in which the level of risk may be underestimated.  

Second, there is a lack of studies on the effects of a safety training on actual decisions and 

their relation to risk perceptions and safety knowledge. So far, studies have addressed intentions 

(Zaalberg and Midden, 2013) and perceptions (Chittaro and Buttussi, 2015; Sacks et al., 2013) 

but not decisions.  
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Third, only two studies have addressed the long-term effects (1 and 2 weeks) of 

presentation medium (Chittaro and Buttussi, 2015; Sacks et al., 2013), but one of these studies 

had a dropout rate of 70% (Sacks et al., 2013), whereas the other (Chittaro and Buttussi, 2015) 

used a serious game in the immersive VR condition and compared it with the traditional pictorial 

method, which was non-interactive and non-immersive. Thus, the results were confounded by 

the degree of interaction. It is not yet clear whether the effects were actually due to VR or 

whether they may have been due to the level of interaction. 

Fourth, so far, interindividual differences in risk-taking have not been considered in 

research on the effects of a safety training, even though such dispositions, such as locus of 

control, conscientiousness, and individuals’ risk attitude are important predictors of protective 

behavior (Christian et al., 2009).  

Finally, the studies that provided a direct test between immersive VR and traditional 

methods of presentation have often had only a few participants in each cell (Moreno and Mayer, 

2002; Sacks et al., 2013; Zaalberg and Midden, 2013) or only marginally significant results when 

covariates were included in the analysis (Zaalberg and Midden, 2013). These methodological 

limitations result in deflated p-values when covariates are included (Simonsohn et al., 2014) and 

overestimated effect sizes (Button et al., 2013; Nieuwenstein et al., 2015). Also, due to small 

samples and a lack of power, the small effects that exist might not be detected. 

1.3. The Present Studies 

We tested whether an immersive VR-based safety training would be found to be more 

effective than a safety training presented via PowerPoint (PPT). We compared the effectiveness 

of these two formats in a sample of novices, in our case, high school students. The safety 

trainings were presented either in immersive VR or in a PPT presentation that included filmed 



COMPARING IMMERSIVE VR & POWERPOINT IN A SAFETY TRAINING 10 

VR sequences and slides. Thus, the PPT presentation was also vivid and differed from VR only 

with respect to the fact that it was not immersive. The VR condition was immersive but not 

interactive to allow us to test for the effects of immersion only. As dependent variables, we 

measured (a) risk perception by assessing participants’ judgments of the probability of accidents 

and accident severity, (b) learning by assessing participants’ recall of safety knowledge and the 

hazards that had been identified, and (c) decision making on the basis of a choice between a safe 

and an unsafe machine. We included personality variables as covariates or potential moderators. 

Thus, we put VR to an especially hard test and aimed to understand whether the unique features 

of immersive VR actually make a difference. 

The current studies therefore extend previous research by focusing on workplace safety in 

a context that is usually considered relatively safe and by comparing a medium that is high in 

immersion (VR) with one that is low in immersion (PPT) in their effects on risk perception, 

learning, and decision making. We further scrutinized the moderating effect of instruction 

medium immediately after the training as well as 6 months later and examined the potential 

influence of personality differences (locus of control, conscientiousness, and risk attitude) on the 

effectiveness of the safety training. 

1.4. Study overview 

In two experiments, we tested whether a VR-based safety training would be more 

effective than a PPT presentation in affecting risk perception, knowledge acquisition, and 

decision making. Participants received a safety training about a pillar drill delivered in an 

immersive VR format or as a PPT presentation.  

On the basis of previous research, we expected that participants in the immersive VR 

condition would experience a higher sense of presence (Hypothesis 1). Because immersive VR 
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provides a relatively realistic experience of the possible negative events, we predicted that the 

VR training would have a stronger impact than PPT training on risk judgments (Hypothesis 2), 

resulting in a greater change of severity and probability judgements of accidents, and learning, 

i.e., recall more safety-relevant information and detecting more hazards when facing a real 

machine after being instructed in the VR training (Hypothesis 3). Because experiential learning 

results in more complex knowledge networks and knowledge integration (Glaser, 1984), we 

expected that in the immersive VR condition, risk-related decisions would be more strongly 

affected by participants’ recalled safety knowledge and identified hazards than in the PPT 

condition, reflecting a higher degree of knowledge integration in the immersive VR condition 

(Hypothesis 4).  

As an exploratory question, we investigated the effect of three personality dispositions: 

(a) locus of control, (b) conscientiousness in Study 1, and (c) risk attitude in Study 2 on the 

relations between the independent and dependent variables. It is usually assumed that 

individuals’ risk-taking behavior is mediated by risk perception and moderated by situational 

variables (Sitkin and Weingart, 1995). Thus, to change risk-taking, a change in risk perception is 

necessary in the respective domain. The relevance of situational factors also leads to the 

conclusion that risk-taking and risk perception might not be the result of a general trait but could 

be domain specific (Figner and Weber, 2011). For example, skydivers, who show a high degree 

of risk seeking in the recreational domain, tend to be risk averse in the financial domain (Hanoch 

et al., 2006).  

A relevant domain for our studies is the health and safety domain, which, for example, 

reflects risk attitudes toward seatbelt use or sunbathing without sunscreen and therefore should 

be related to workplace safety risks. Hence, we expected that risk perceptions in the health and 
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safety domain would predict risk perceptions and decisions in the workplace. Furthermore, we 

aimed to explore whether the type of safety training (VR vs. PPT) would moderate the effect of 

domain-specific risk attitudes on risk perception and decisions and whether an immersive 

approach would lead to greater integration between habitual and specific perceptions because the 

trainings are more experience-based. We expected that because immersive VR seems real, the 

previously unknown risk associated with the machine would become integrated in the general 

domain (in this case, the health/safety domain), and thus, health and safety domain risk attitudes 

would predict risk perceptions and decisions in the immersive VR condition but not in the PPT 

condition (Hypothesis 5). 

1.5. General Approach 

Both studies were designed as intervention studies, and risk perceptions were assessed 

before and after the safety training, whereas the sense of presence was assessed during the safety 

training. Recall of safety knowledge and decision making were measured only after the safety 

training. Study 1 and Study 2 differed in the personality variables that were assessed. In Study 1, 

we assessed locus of control, conscientiousness, and domain-specific risk perception as possible 

predictors of risk perception, safety knowledge, and decision making. In Study 2, we assessed 

domain-specific risk attitudes. Furthermore, in Study 2, we tested the sustainability of the 

training by employing a follow-up assessment after 6 months. As VR technology is expensive 

and time intensive, only effects that were at least medium in size were identified as practically 

important. For this reason, we tested for medium effects, and post hoc power calculations using 

G*Power 3.1.9.2 (Faul, Erdfelder, Buchner, & Lang, 2009) showed that the sample sizes in both 

studies were sufficient for detecting such effects (Cohen’s f = .2) with a power of .90 in Study 1 

and .95 in Study 2.  
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2. STUDY 1 

2.1. Method 

Participants and Design 

The study was carried out at the Center for Virtual Reality at Chemnitz University of 

Technology with N = 53 participants. Female participants comprised 16.98% of the sample, the 

mean age was 18.42 years, and 64.15% of the participants had previously experienced VR or 3D 

movies. Participants were students at a local high school. They were randomly assigned to either 

the PPT condition (PPT) or the immersive VR condition (VR) to undergo a safety training 

concerning the use of pillar drills. The safety training began with a description of the parts and 

general functioning of the pillar drill. Then, the safety equipment and safety procedures were 

explained, and the animation was depicted. Finally, the participants saw accidents that occurred 

due to human error or due to the hazards associated with the pillar drill. The accidents were 

animated, and a commentary accompanied them. 

The experimental conditions did not differ in their experience with VR or 3D movies, 

χ2(1) = 0.948, p = 0.33. Participants were asked to rate the probability of accidents and the 

severity of accidents of a real pillar drill presented to them twice, once before (T1) and once after 

they received the safety training (T2), which resulted in a 2 (condition: PPT vs. VR) x 2 (time: 

pre vs. post safety training) mixed design. Furthermore, at T2, learning outcomes were measured, 

and participants were confronted with a decision-making task.  

Measures 

Risk judgments were measured by asking participants to rate the severity and the 

probability of accidents with a real pillar power drill. The rating of the likelihood of accidents 

and the severity of accidents employed so-called risk ladders (Harrison and Rutström, 2008). The 
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measures of severity and probability were on individual sheets and are depicted in Fig. 1. The 

ladder for the probability measure was presented in 10% increments with 0% as the lowest value 

and 100% as the highest value. To measure the subjective severity of accidents, the same ladder 

was used, but it was presented in increments of 1 with the lowest point labeled not dangerous (1) 

and the highest point labeled life threatening (10).  

 

Fig. 1. Assessment of risk judgment using a risk ladder for probability and severity 

judgments. 

Participants were instructed to mark the point on each ladder that reflected their judgment 

with respect to the real machine in front of them. 

Learning outcomes were assessed with two variables: recall of safety information and 

knowledge of hazards with respect to a real pillar power drill. Recall of safety information was 

assessed with a multiple-choice test, which assessed how much of the content conveyed in the 

safety training participants remembered (i.e., safety procedures, signs, and general machine 

information), for example, “What should you not do in case of an emergency?” (a) stop the 

machine, (b) take pictures and draw a sketch of the area where the accident occurred, (c) move 
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the victim away from the area of threat, or (d) place an emergency call, inform your immediate 

superior. Ten questions were asked, and the number of correct responses was summed so that the 

score had a range of 0 to 10.  

The knowledge of hazards present in pillar power drills was assessed by asking 

participants to identify hazards pertaining to a real pillar power drill in front of them. The pillar 

power drill was identical to the one in the safety training and yielded a maximum of nine 

possible hazards. The score on this task was the proportion of correctly identified hazards present 

in the real machine. 

Decision-making to assess risk-taking behavior was measured through choices between 

working on the real machine in front of them (i.e., the risky choice) or a fictitious safe machine 

(i.e., the safe machine). Whereas the real machine yielded safety hazards, the fictitious safe 

machine did not. The safe machine always yielded a sure payoff of 10 €. The real machine 

yielded two prospects: One had a payoff of 0 € if there was an accident, and the other prospect 

had a non-zero payoff that increased in steps of 5 € with each decision. Participants were told 

that the likelihood of an accident with the real machine was 50%. Participants had to make five 

choices, and the non-zero prospect of the safe machine increased from 10 € in the first decision 

to 30 € in the final one (see Table 1).  

Table 1. Decision task presented to participants. 
 Safe machine Real machine  Decision 
Decision for sure Accident (50%) No accident (50%)  
1 10 € 0 € 10 € A|B 
2 10 € 0 € 15 € A|B 
3 10 € 0 € 20 € A|B 
4 10 € 0 € 25 € A|B 
5 10 € 0 € 30 € A|B 
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In the decision task, the number of choices in favor of the safe machine was the indicator 

of risk aversion. 

Sense of presence was measured with a 14-item scale (Schubert, 2003). The scale consists 

of three subscales plus one additional item that captures a general factor. The first subscale, 

spatial presence, assesses the sense of being physically present in the situation. The second 

subscale, involvement, measures the attention devoted to the situation and the involvement 

experienced. The third scale, experienced realism, measures the subjective experience of realism 

in the situation. The items had originally been phrased to be used in virtual environments, and we 

adapted them so they could also be used in the PPT condition. 

The subscales yielded satisfactory reliability indicated by Cronbach’s alpha for spatial 

presence (α = .76), involvement (α = .78), and experienced realism (α = .76). When all items 

were aggregated into one sense of presence scale, this overall scale yielded a satisfactory 

reliability of α = .87. 

Locus of control was measured with the Locus of Control scale, German Version (FKK, 

Krampen, 1991). The secondary subscales created by summing the answers yielded a good 

internal consistency reliability indicated by a Cronbach’s alpha for self-efficacy of α = .87 and 

for externality of α = .78. High values in self-efficacy indicate trust in one’s own abilities and 

control, and low values indicate passivity and uncertainty in ambiguous situations. High values 

in externality indicate the belief that events are the result of situational forces and are often 

associated with fatalism, whereas low values indicate the belief that events are not due to 

situational forces and a low degree of dependence on others. 
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Conscientiousness was assessed using the NEO-FFI subscale (Borkenau and Ostendorf, 

2008). The scale consisted of 12 items with a Cronbach's α of .88. High values indicate a high 

degree of conscientiousness. 

Domain-specific risk perception was assessed using the Domain-Specific Risk-Taking 

(DOSPERT, Blais and Weber, 2006) scale. The DOSPERT assesses risk perception, benefit 

perception, and risk-taking in five domains: health/safety, finance, recreation, social, and ethical. 

In the current study, all domains were assessed but only with the risk perception items. It is 

important to note that we focused on the health/safety domain. 

The health/safety domain yielded six items (Item 2 of the health/safety domain was left 

out because it referred to private matters of sexuality) and yielded good internal consistency 

reliability (α = .73). High values in risk perception indicate risk aversion in the sense that the 

person judges the acts in this domain as risky. 

Apparatus 

The VR condition utilized the 3D-multisensory Cave Automatic Virtual Environment 

(CAVE) from the Technical University of Chemnitz. The system was cube-shaped and provided 

a five-sided projection in which participants could stand and move. Participants wore 3D glasses 

and used a wireless controller with which they were able to navigate in the VR environment. The 

participant’s head and the controller’s position could be used to adapt the visualization of the 3D 

images.  

The PPT condition utilized a standard presentation projector and was presented in a 

computer lab classroom. The projection surface was 2 x 3 meters, and participants sat 

approximately 4 meters away from the projection.  
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Procedure 

Upon their arrival, participants were greeted by the researchers and were given a general 

overview of how the day would go and the facilities they would see. Each participant received a 

personal schedule for the day, and each schedule contained a participant ID, which was randomly 

assigned to the VR or PPT condition. The timeline is presented in Fig. 2. 

 

 

Fig. 2: Sequence of events for Study 1. 

The participants were then guided to where they faced a real pillar power drill. Each 

participant received a clipboard on which the first risk perception measure was placed face 

down. Participants were instructed not to talk or interact with their neighbors while completing 

the questions. Then participants were told to fill out the paper on the clipboard. Two research 

assistants were present to ensure compliance. Then participants were guided to a separate room 

where they were asked to take a seat and to complete a questionnaire assessing demographic 

information, locus of control, and conscientiousness. 
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Participants were then individually led to either the CAVE or the computer lab to be 

given the safety training. During the waiting time, the participants took a tour of the premises. 

Participants in the VR condition were given the pillar drill safety training while standing in the 

CAVE. The safety training was presented as a VR animation with a corresponding voice 

recording. Participants in the PPT condition were given the pillar drill safety training in a PPT 

presentation in which screenshots from the VR safety training were shown. The audio comments 

were identical to those given in the VR training. Thus, the two conditions differed only with 

respect to immersion.  

Participants then completed the sense of presence questionnaire and were guided to the 

main hallway. In the main hallway, they faced the real pillar drill and were asked to complete the 

risk perception measure. Afterwards, they were confronted with the decision-making task. 

Finally, after all participants had completed all stages of the study, they were all seated in the 

computer lab, had the opportunity to ask questions, and were thanked for their participation. 

2.2. Results 

Table 2 presents the descriptive results for all measured variables. The sense of presence 

was 3.01 in the VR condition compared with 2.13 in the PPT condition, 𝑡𝑡(49.71) = -3.60, 𝑝𝑝 < 

.001, d = 0.53. A regression model predicting the sense of presence by condition was significant, 

adj. R² = .18, F(1, 51) = 12.88, p < .001. As expected, participants in the VR condition showed 

an increased sense of presence.   
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Table 2. Descriptive statistics and correlations. 

  Total PPT VR 1 2 3 4 5 6 7 8 9 10 11 12 13 

Age (1) 18.42 
(±1.77) 

18.93 
(±2.14) 

17.79 
(±0.88)              

G (♀) 
(2) 

0.17 
(±0.38) 

0.14 
(±0.35) 

0.21 
(±0.41) -.16             

PJ T1 
(3) 

3.30 
(±2.16) 

3.90 
(±2.40) 

2.56 
(±1.60) .27 .17            

PJ T2 
(4) 

4.02 
(±2.18) 

4.21 
(±2.32) 

3.79 
(±2.03) .01 -.03 .65***           

SJ T1 
(5) 

4.30 
(±1.97) 

4.83 
(±2.19) 

3.67 
(±1.47) .21 .11 .65*** .36**          

SJ T2 
(6) 

4.63 
(±2.00) 

4.83 
(±2.02) 

4.40 
(±1.99) -.03 -.08 .47*** .63*** .64***         

RI T2 
(7) 

6.25 
(±2.49) 

5.76 
(±2.67) 

6.83 
(±2.16) -.08 .12 -.13 -.16 -.11 -.05        

IH T2 
(8) 

0.29 
(±0.19) 

0.32 
(±0.18) 

0.25 
(±0.20) -.03 -.13 .31* .37** .16 .28* .17       

RC (9) 0.58 
(±0.99) 

0.41 
(±0.91) 

0.79 
(±1.06) -.19 -.12 -.08 .01 -.05 -.01 -.22 -.12      

SofP 
(10) 

2.53 
(±0.99) 

2.13 
(±0.91) 

3.01 
(±0.88) -.16 .03 -.16 .11 .08 .17 .2 .23 .19     

SE (11) 63.92 
(±11.26) 

64.28 
(±10.59) 

63.50 
(±12.25) .19 -

.50*** -.1 .02 -.04 .12 -.03 .14 -.14 .13    
PC 
(12) 

50.47 
(±9.77) 

50.97 
(±10.09) 

49.88 
(±9.55) -.22 .45*** -.11 -.07 -.18 -.2 .07 -.05 .12 -.12 -

.67***   

C (13) 44.28 
(±7.94) 

44.79 
(±6.08) 

43.67 
(±9.84) -.04 -.1 -.14 -.08 -.01 .03 .11 .2 -.04 .32* .43** -

.28*  

RP 
(14) 

4.40 
(±1.11) 

4.29 
(±1.04) 

4.52 
(±1.20) -.1 .13 < .01 .15 .13 .03 -.01 .12 -.04 .23 -.07 .12 .21 
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  Total PPT VR 1 2 3 4 5 6 7 8 9 10 11 12 13 
Note. G = Gender, PJ = Probability judgment, SJ = Severity judgment, RI = Recall of safety information, IH = Identified hazards, RC 
= Risky choice, SofP = Sense of presence, SE = Self-efficacy, PC = Personal control, C = Conscientiousness, RP = Risk perception 
health/safety domain. *p < .05. **p < .01. ***p < .001. 
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We used R (TeamR, 2013) and lme4 (Bates et al., 2014) to perform a linear mixed effects 

analysis of the effects of presentation format (VR vs. PPT) on the safety training outcome 

variables severity judgment, probability judgment, recall of safety information, and identified 

hazards. We carried out the analysis for each dependent variable and first tested the effect of the 

experimental treatment and participants’ health. We then added safety-domain-specific risk 

perception, conscientiousness, self-efficacy, and personal control as covariates to control for 

person-specific effects. 

In the models, we entered experimental condition, time of measurement, health and 

safety-domain-specific risk perception, conscientiousness, self-efficacy, and personal control as 

fixed effects. As random effects, we assumed random intercepts for participants, but we did not 

assume random slopes. We assumed a random intercept model because deviations from the 

grand mean (e.g., probability judgments at different time points) were of interest, and we had no 

predictors on Level 1 that would suggest random slopes. We obtained the p-values with the 

lmertest package (Kuznetsova et al., 2014). The intercept in the baseline model (i.e., model 

without predictors on Level 2) represents the grand mean. Intercepts in the subsequent models, 

including the predictors on Level 2, always represent the mean of the reference category, which 

assumes a value of 0 for all entered predictors. We tested multiple models in order to address our 

research questions. First, we tested models to investigate treatment effects (Models 1 to 3), and 

then we tested whether the effects depended on personality (Model 4). 

Risk judgments 

As can be seen in Fig. 3, the safety training led to an increase of judged severity and 

judged probability of accidents, and these variables were affected by the experimental condition. 
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Fig. 3. Risk judgments before and after the safety training. Plot A depicting the severity 

judgment and Plot B depicting the probability judgment. 

We found that the probability judgment of accidents was affected by the safety training as 

indicated by Models 1 and 2 in which time was a significant predictor, 𝑏𝑏 = 0.72, 𝑡𝑡(52) = 2.89, 𝑝𝑝 

= .01. It is important to mention that Model 2 showed that the difference between experimental 

groups was not significant, 𝑏𝑏 = -0.88, 𝑡𝑡(51) = -1.64, 𝑝𝑝 = .11. It is also important to mention that 

the interaction between time and experimental condition indicated that the change in probability 

judgments from before to after the safety training (i.e., the slope) depended on the experimental 

condition, 𝑏𝑏 = 0.93, 𝑡𝑡(51) = 1.89, 𝑝𝑝 = .06. We found no main effects for any personality 

variables (all ps ≥ .10, see Table 3) and no interactions between personality and the rate of 

change or the rate of change in each experimental group (all ps >.18). Simple effects were tested 

for the interaction between time and experimental condition and their effect on the probability 

judgment. In the VR condition, before the safety training was given, the mean judged probability 

of accidents was 2.56, but after the safety training, it increased to 3.79, which was a significant 
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increase, 𝑑𝑑 = 0.67, 𝑡𝑡(23.00) = 3.39, 𝑝𝑝 = .003. This difference was not observed in the PPT 

condition (judged accident probability was 3.90 before the safety training and 4.21 afterwards, 

which was not a significant increase, 𝑑𝑑 = 0.13, 𝑡𝑡(28.00) = 0.92, 𝑝𝑝 = .37. 
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Table 3. Coefficients and model parameters for multilevel regression predicting the probability judgment. 

Predictors 
Probability judgment 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 

 Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) 
Fixed Parts 

Int. 3.30 (2.71, 
3.88) *** 

3.69 (2.95, 
4.44) *** 

3.90 (3.13, 
4.68) *** 

3.10 (0.86, 
5.34) ** 

4.73 (1.29, 
8.17) ** 

7.45 (2.52, 
12.38) ** 

9.97 (2.39, 
17.55) * 

T 0.72 (0.23, 
1.21) ** 

0.72 (0.23, 
1.21) ** 

0.30 (-0.34, 
0.95)  

0.31 (-0.35, 
0.98)  

0.31 (-0.35, 
0.98)  

0.31 (-0.35, 
0.98)  

0.31 (-0.35, 
0.98)  

VR  
-0.88 (-1.93, 
0.17)  

-1.34 (-2.50, -
0.19) * 

-1.40 (-2.58, -
0.22) * 

-1.47 (-2.65, -
0.28) * 

-1.57 (-2.74, -
0.39) * 

-1.60 (-2.78, -
0.42) * 

VRxT   
0.93 (-0.04, 
1.89)  

0.91 (-0.06, 
1.89)  

0.91 (-0.06, 
1.89)  

0.91 (-0.06, 
1.89)  

0.91 (-0.06, 
1.89)  

RP    
0.19 (-0.30, 
0.68)  

0.26 (-0.24, 
0.76)  

0.34 (-0.16, 
0.84)  

0.32 (-0.18, 
0.83)  

C     
-0.04 (-0.11, 
0.03)  

-0.06 (-0.13, 
0.01)  

-0.05 (-0.13, 
0.03)  

PC      
-0.04 (-0.10, 
0.01)  

-0.06 (-0.14, 
0.01)  

SE       
-0.03 (-0.10, 
0.04)  

Random Parts 
σ2 1.659 1.659 1.581 1.612 1.612 1.612 1.612 
τ00, vp_code 3.057 2.934 2.973 3.059 3.02 2.926 2.947 
Nvp_code 53 53 53 52 52 52 52 
ICCvp_code 0.648 0.639 0.653 0.655 0.652 0.645 0.646 
Observations 106 106 106 104 104 104 104 
R2 / Ω0

2 .827 / .792 .824 / .792 .835 / .807 .835 / .808 .834 / .808 .832 / .808 .832 / .809 
Note. T = Time, VR = Experimental condition, RP = Risk perception health/safety domain, C = Conscientiousness, SE = Self-efficacy, PC = Personal control.  
* p<.05. ** p<.01. *** p<.001. 
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The severity judgments of accidents were not affected by the safety training as indicated 

by Models 1 and 2 in which time was not a significant predictor, 𝑏𝑏 = 0.33, 𝑡𝑡(52) = 1.43, 𝑝𝑝 = .16. 

As Model 2 shows, the difference between experimental groups was not significant, 𝑏𝑏 = -0.8, 

𝑡𝑡(51) = -1.63, 𝑝𝑝 = .11. It is important to mention that the interaction between time and 

experimental condition indicated that the change in probability judgments from before to after 

the safety training (i.e., the slope) did not depend on the experimental condition, 𝑏𝑏 = 0.73, 𝑡𝑡(51) 

= 1.59, 𝑝𝑝 = .12. Furthermore, we found that personal control (as measured with the FKK 

questionnaire) affected the overall severity judgment as indicated by Models 6 and 7 (see Table 4 

for all coefficients), 𝑏𝑏 = -0.05, 𝑡𝑡(47) = -1.77, 𝑝𝑝 = .08. Participants with a high degree of internal 

locus of control generally perceived the severity of possible accidents to be less than participants 

with a low degree of internal locus of control.
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Table 4. Coefficients and model parameters for multilevel regressions predicting the severity judgment. 

Predictors 
Severity judgment 
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 

 Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% 
CI) Est (95% CI) Est (95% CI) 

Fixed Parts 

Int. 4.30 (3.77, 
4.84) *** 

4.66 (3.98, 
5.35) *** 

4.83 (4.12, 
5.54) *** 

3.99 (1.98, 
6.01) *** 

4.19 (1.06, 
7.33) * 

7.12 (2.66, 
11.59) ** 

9.32 (2.45, 
16.18) * 

T 0.33 (-0.12, 
0.78)  

0.33 (-0.12, 
0.78)  

-0.00 (-0.60, 
0.60)  

0.04 (-0.58, 
0.65)  

0.04 (-0.58, 
0.65)  

0.04 (-0.58, 
0.65)  

0.04 (-0.58, 
0.65)  

VR  
-0.80 (-1.75, 
0.16)  

-1.16 (-2.22, -
0.10) * 

-1.10 (-2.18, -
0.03) * 

-1.11 (-2.20, 
-0.03) * 

-1.22 (-2.29, -
0.15) * 

-1.25 (-2.33, -
0.17) * 

VRxT   
0.73 (-0.17, 
1.63)  

0.69 (-0.22, 
1.60)  

0.69 (-0.22, 
1.60)  

0.69 (-0.22, 
1.60)  

0.69 (-0.22, 
1.60)  

RP    
0.17 (-0.27, 
0.61)  

0.18 (-0.27, 
0.64)  

0.27 (-0.19, 
0.72)  

0.25 (-0.21, 
0.71)  

C     
-0.01 (-0.07, 
0.06)  

-0.02 (-0.09, 
0.04)  

-0.01 (-0.08, 
0.05)  

PC      
-0.05 (-0.10, 
0.00)  

-0.07 (-0.13, 
0.00)  

SE       
-0.03 (-0.09, 
0.04)  

Random Parts 
σ2 1.413 1.413 1.372 1.39 1.39 1.39 1.39 
τ00, vp_code 2.531 2.432 2.452 2.434 2.498 2.361 2.382 
Nvp_code 53 53 53 52 52 52 52 
ICCvp_code 0.642 0.632 0.641 0.637 0.643 0.63 0.632 
Observations 106 106 106 104 104 104 104 
R2 / Ω0

2 .822 / .783 .819 / .783 .827 / .794 .822 / .788 .822 / .790 .819 / .789 .818 / .790 
Note.T = Time, VR = Experimental condition, RP = Risk perception health/safety domain, C = Conscientiousness, SE = Self-efficacy, PC = Personal control.  
* p<.05. ** p<.01. *** p<.001. 
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However, this effect did not depend on the experimental condition because we found no 

evidence of an interaction, which was also the case for all personality variables (all ps < .16). 

Learning  

Participants’ learning of the contents of the safety training was measured with a recall test 

and a test in which participants had to identify the hazards of a particular machine. Participants 

in the PPT condition had an average recall test score of M = 5.76 (SD = 2.67), whereas those in 

the VR condition had an average score of M = 6.83 (SD = 2.16). The difference was not 

significant, b = 1.07, t(51) = 0.12, p = .12. There were no main effects of the personality 

measures (for all coefficients, see Table 5) and no significant interaction.
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Table 5. Coefficients and model parameters recall of safety information. 

Predictors 
Recall of safety information 
Model 1 Model 2 Model 3 Model 4 Model 5 

 Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) 

Int. 5.76 (4.84, 6.67) *** 6.09 (3.22, 8.97) *** 4.50 (0.03, 8.96) * 2.31 (-4.21, 8.83)  2.62 (-7.50, 12.74)  

VR 1.07 (-0.28, 2.43)  1.03 (-0.37, 2.42)  1.09 (-0.32, 2.50)  1.17 (-0.25, 2.59)  1.17 (-0.27, 2.61)  

RP  -0.06 (-0.70, 0.57)  -0.13 (-0.78, 0.52)  -0.20 (-0.86, 0.47)  -0.20 (-0.87, 0.48)  

C   0.04 (-0.05, 0.13)  0.06 (-0.04, 0.15)  0.06 (-0.04, 0.16)  

PC    0.04 (-0.04, 0.11)  0.03 (-0.07, 0.13)  

SE     -0.00 (-0.09, 0.09)  

Observations 53 52 52 52 52 

R2 / adj. R2 .047 / .028 .043 / .004 .060 / .001 .077 / -.002 .077 / -.023 
Note. VR = Experimental condition, RP = Risk perception health / safety domain, C = Conscientiousness, PC = Personal control, SE = 
Self-Efficacy.* p<.05.** p<.01.*** p<.001. 
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When presented with the real pillar drill, participants in the PPT condition identified 𝑀𝑀 = 

0.32 (𝑆𝑆𝑆𝑆 = 0.18) of the given hazards, whereas those in the VR condition identified 𝑀𝑀 = 0.25 

(𝑆𝑆𝑆𝑆 = 0.20), which was not a significant difference, 𝑏𝑏 = -0.06, 𝑡𝑡(51) = 0.22, 𝑝𝑝 = .22. There was 

no main effect of the personality measures (see Table 6 for all coefficients), but the number of 

identified hazards was affected by an interaction between condition and self-efficacy, b = 0.01, 

t(48) = 2.15, p = .04.
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Table 6. Coefficients and model parameters predicting identified hazards. 

Predictors 
Identified hazards 

Model 1 Model 2 Model 3 Model 4 Model 5 

  Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) 

Int. 0.32 (0.25, 0.39) *** 0.23 (0.01, 0.44) * 0.08 (-0.25, 0.41)  0.14 (-0.35, 0.63)  0.01 (-0.75, 0.77)  

VR -0.06 (-0.17, 0.04)  -0.08 (-0.18, 0.03)  -0.07 (-0.18, 0.04)  -0.07 (-0.18, 0.03)  -0.07 (-0.18, 0.04)  

RP   0.02 (-0.02, 0.07)  0.02 (-0.03, 0.07)  0.02 (-0.03, 0.07)  0.02 (-0.03, 0.07)  

C     0.00 (-0.00, 0.01)  0.00 (-0.00, 0.01)  0.00 (-0.00, 0.01)  

PC       -0.00 (-0.01, 0.00)  0.00 (-0.01, 0.01)  

SE         0.00 (-0.01, 0.01)  

Observations 53 52 52 52 52 

R2 / adj. R2 .029 / .010 .054 / .016 .080 / .022 .082 / .004 .086 / -.013 

Note. VR = Experimental condition, RP = Risk perception health / safety domain, C = Conscientiousness, PC = Personal control, SE = Self-
Efficacy. *p < .05. **p < .01. ***p < .001. 
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The simple slope analysis of the interaction between condition and self-efficacy for 

identified hazards showed that in the VR condition, participants with high scores in self-efficacy 

identified more hazards, whereas this was not the case in the PPT condition, b = 0.01, t(48)= 

2.20, p = .03. The simple slopes are depicted in Fig. 4. 

 

Fig. 4. Fitted simple slopes for the effect of self-efficacy on identified hazards moderated by 
condition. 

Decision making 

For the risky decision, participants had to repeatedly choose between the safe and unsafe 

option, and the payoff of the unsafe option increased with each decision. We were interested in 

identifying the level of the monetary reward at which the risky option would be preferred over 

the safe option. Fig. 4 shows that with the increasing payoff of the risky option, participants 

became more likely to choose the risky option. 
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Fig. 5. Proportion of unsafe choices in each decision: Data averages of participants for 

each experimental condition. 

The experimental condition did not significantly affect decision making, B = -0.57, t(48) 

= -1.71, p = .09. It is important to mention that, when we controlled for all of the personality 

variables that had been assessed (Model 5), the participants in the VR condition were 

significantly less risk averse than those in the PPT condition, B = -0.81, t(44) = -2.19, p = .03. 

Furthermore, participants who recalled more safety information made safer choices (i.e., they 

exhibited more risk-averse behavior), B = -1.04, t(42) = 2.03, p = .04. All models and their 

respective coefficients with 95% confidence intervals are presented in Table 7.
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Table 7. Ordered probit regression predicting safe choices.  

 Safe choices 
Predictors Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 

 Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) 

VR -.571 (-1.228, 
.085) 

-.685* (-1.363, -
.007) 

-.678 (-1.365, 
.008) 

-.805* (-1.525, -
.086) 

-.801* (-1.524, -
.077) 

-1.041** (-1.829, 
-.252) 

-1.025* (-1.828, 
-.222) 

RP  
.027 (-.284, 
.338) 

.022 (-.297, 

.342) 
.069 (-.262, 
.400) 

.070 (-.264, 

.403) .119 (-.228, .466) .113 (-.238, 
.465) 

C   
.003 (-.040, 
.045) 

-.012 (-.058, 
.035) 

-.017 (-.067, 
.033) 

-.031 (-.084, 
.023) 

-.032 (-.086, 
.023) 

PC    
-.033 (-.073, 
.006) 

-.024 (-.074, 
.025) 

-.033 (-.085, 
.019) 

-.033 (-.085, 
.019) 

SE     
.014 (-.031, 
.058) .013 (-.032, .058) .013 (-.032, 

.058) 

RI      .157* (.005, .310) .155* (.001, 
.309) 

IH       
.228 (-1.874, 
2.329) 

 Observations 53 52 52 52 52 52 52 
Note. VR = Experimental condition, RP = Risk perception health/safety domain, C = Conscientiousness, PC = Personal control, SE = 
Self-efficacy, RI = Recall of safety information, IH = Identified hazards. *p<0.05; **p<0.01; ***p<0.001 
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We tested the interaction of both learning outcomes with the condition and found no 

interaction of any predictor with the experimental condition. This was also the case for the 

personality variables (all ps > .18). 

2.3. Discussion 

Participants in Study 1 clearly experienced a greater degree of immersion in the 

immersive VR condition than in the PPT condition which corroborates hypothesis 1. But the 

effect of the experimental condition on other outcome measures was not as clear. We did find 

some evidence in support of the hypothesis that VR presents a more powerful tool for delivering 

a safety training than PPT. Participants who were informed about machine-related hazards and 

possible accidents in an immersive VR environment made higher risk judgments than those who 

had received the information via PPT. However, the effect was significant only for the judgment 

of probabilities but was not significant for the severity judgment. These finding are in partial 

support of Hypothesis 2. It is important to mention that the amount of safety information recalled 

and the knowledge of safety hazards did not differ between the two experimental conditions the 

findings refute Hypothesis 3. 

We found that when participants were given information about machine-related hazards 

and safety procedures via an immersive VR environment, they were later less risk averse in their 

decisions than participants who had received the same information via a PPT presentation. 

Furthermore, the amount of safety information participants were able to recall predicted risky 

choice only in the VR condition such that, recalling more safety information led to more risk 

aversion. By contrast, in the PPT condition, the amount of safety information participants were 

able to recall was unrelated to participants’ decisions. It seems that immersive VR leads to more 

integration between knowledge and behavior which is in line with Hypothesis 4. There was no 
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evidence that the effects of the medium through which the information was delivered were 

affected by participants’ conscientiousness or locus of control.  

Overall, the findings are in line with the mixed results found in the literature (Gavish et 

al., 2015; Moreno and Mayer, 2002; Zaalberg and Midden, 2013), where a medium with higher 

immersion was not necessarily associated with larger changes of risk judgments or learning. 

The results show that the safety training was effective in the immersive VR condition and 

apparently led to a change in risk perception. This assumption needs to be qualified. First, 

participants in the immersive VR conditions indicated very low pretest scores in the risk 

judgments; thus, the finding could also be due to a regression to the mean, since we did not find 

a difference in health and safety domain risk perception. While we did not find difference in the 

health and safety domain specific risk perception, the higher average level of risk seeking 

observed in the decision task in the immersive VR condition, might reflect the group’s risk 

attitude, which was not affected by the training. The information concerning the unsafe machines 

properties might not have been completely clear when they stated that the probability of 

accidents was 50%, which could have led participants to assume that their decisions were in 

reference to a hypothetical machine. In the present study, we assessed only the domain-specific 

risk perception and not risk taking or domain specific risk attitudes, of all participants and found 

no relationship with their risk choice; however, domain-specific risk-taking might offer another 

explanation and was assessed in Study 2. 

In order to rule out the explanation that risky choices were made about a hypothetical 

machine or that risky choices were the result of domain-specific risk-taking as well as to 

replicate the findings from Study 1 and investigate whether the effects were still present after a 

time lag of 6 months, we carried out Study 2.  
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3. STUDY 2 

Study 2 employed the same procedure as Study 1. In Study 2, we altered the wording of 

the decision task to make the task clearer, and the full DOSPERT was assessed to include risk 

benefit perceptions, risk perceptions, as well as general risk-taking so that these could be 

compared with individuals’ domain-specific risk attitudes. Furthermore, risk judgments and 

learning outcomes were assessed again in a follow up 6 months after the safety training had been 

given. Thus, the study allowed us to replicate Study 1, to test whether risk attitudes and risk-

taking in the health and safety domain moderated the effect of the presentation medium, and to 

see whether the positive effects of the safety training persisted across time. 

3.1. Method 

Participants and Design  

The study was carried out with N = 68 participants who participated at T1 and T2. Female 

participants comprised, 36.76% of the sample, the mean age was 17.18, and 67.65% of the 

participants had previously experienced VR or 3D movies. At T3, the sample size was reduced 

slightly to N = 60. Participants were randomly assigned to either the PPT condition or the VR 

condition, and the participants in the two conditions did not differ regarding their experience 

with VR or 3D movies, χ2(1) = 0.06, p = .80. Participants were asked to rate the probability of 

accidents and the severity of accidents of a real pillar drill that was presented to them before they 

were given the safety training (T1), after the safety training (T2), plus 6 months later (T3). Thus, 

we could compare their risk perception before (T1), directly after (T2), and 6 months after the 

safety training (T3). Learning was assessed directly after (T2) and 6 months after (T3) the safety 

training. Decision making was assessed directly after the safety training (T2). Furthermore, 
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participants’ sense of presence during the safety training and their domain-specific risk attitudes 

were measured.  

Material and Measures 

Study 2 was carried out at the same facility and utilized the same technology as Study 1. 

Furthermore, the safety training and the measures of risk perception and learning directly after 

the safety training and sense of presence questionnaire (Schubert, 2003) were identical to Study 

1. Study 2 deviated from Study 1 in that we altered the decision-making task and employed the 

full DOSPERT (Blais and Weber, 2006). We also used a visual search task at T3, showing a 

picture of the machine taken at T2 instead of presenting a real machine to assess how many 

hazards associated with a pillar drill were still identified 6 months after the safety training had 

taken place. 

Learning outcomes (i.e., knowledge about hazards) at T3, was assessed by presenting 

participants with a photograph of a pillar drill on a screen and asking them to mark the areas that 

contained hazards. Participants were informed that their score in this task would be computed as 

the ratio of correctly identified sources of hazards to existing hazards divided by total number of 

marks made. Participants were given a 3-min time limit for this task, and after the task, they were 

given feedback on their performance. The proportion of correctly identified hazards (i.e., 

identified hazards / all hazards present) was the dependent variable, as in the assessment that was 

administered directly after the safety training had taken place. 

Decision-making was assessed by asking participants to repeatedly choose between 

working on the real machine, which yielded safety hazards (referred to as the risky choice), and a 

fictitious safe machine (referred to as the safe choice). The important difference from Study 1 

was that in Study 1, participants were told that the likelihood of an accident was 50% when they 
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chose the real machine. In Study 2, participants were not given any probabilities, so they were 

left uncertain, but they were told that the probabilities would resemble the real machine they had 

seen before. As in Study 1, participants again had to make five choices, and the non-zero 

prospect of the uncertain option increased from 10 € in the first decision to 30 € in the final 

choice. The number of choices in favor of the safe option was the measure of risk-taking 

behavior. Following best practice in experimental economics, the decision-making task was 

incentivized. Participants were told that at the end of the experimental session, 30% of all 

participants would be randomly selected, and one of their decisions would be randomly selected 

and played out (Harrison and Rutström, 2008). 

Domain specific risk attitudes were assessed using the DOSPERT (Blais and Weber, 

2006). The DOSPERT assesses risk perception, benefit perception, and risk-taking in five 

domains: health/safety, finance, recreation, social, and ethical. All domains and scales were 

assessed in Study 2. Risk perception measures how risky a certain act is perceived to be, risk-

taking measures a person’s likelihood of engaging in the described act, and benefit perception 

measures the assumed benefit of an act that is considered risky.  

As in Study 1, we report only the results concerning the health/safety domain. The 

health/safety domain included six items (Item 2 from the health/safety domain was left out 

because it referred to private matters of sexuality) and yielded good internal reliabilities for risk 

perception (α = .76), risk-taking (α = .63), and risk benefit (α = .63). 

We used the risk benefit, risk perception, and risk-taking responses to assess individuals’ 

risk attitude (Weber et al., 2002). Individuals’ risk attitude was the result of a regression carried 

out for each individual, predicting their risk-taking based on the risk benefit and risk perception 
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ratings. We regressed the preference for an act X on its expected benefit and perceived risk, that 

is, 

P𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 (𝑋𝑋) =  𝑎𝑎(𝐸𝐸𝑥𝑥𝑝𝑝𝑟𝑟𝑟𝑟𝑡𝑡𝑟𝑟𝑑𝑑 𝐵𝐵𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝐵𝐵𝑡𝑡(𝑋𝑋)) +  𝑏𝑏(𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝐵𝐵𝑃𝑃𝑟𝑟𝑑𝑑 𝑅𝑅𝐵𝐵𝑅𝑅𝑅𝑅(𝑋𝑋)) +  𝑟𝑟 (1)  

, for each participant. The regression coefficient b for the risk perception then becomes 

the measure of risk attitude: If b < 0, then this indicates risk aversion; if b > 0, then risk seeking. 

Procedure 

The procedure used in Study 2 differed from the one used in Study 1 in two ways: First, 

for logistical reasons, the domain-specific risk attitudes assessed with the DOSPERT were 

assessed after the safety training. Second, the assessment at T3 was computer-based and 

conducted in the computer rooms at the participating schools. Here, students were supervised by 

their teacher, and participants’ email addresses were entered into a raffle for 10 Amazon gift 

certificates each worth 20 €  as compensation for their participation. At T3, risk perception and 

learning outcomes were assessed. The procedure is presented in Fig. 6. 

 

Fig. 6. Sequence of events during Study 2. 

3.2. Results 
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We found that sense of presence in the VR condition was 2.98 (0.88) and was therefore 

higher than 2.57 (0.59) in the PPT condition, 𝑡𝑡 = -2.20, 𝑑𝑑𝑟𝑟 = 59.21, p = .032, d = 0.53. A 

regression model predicting the sense of presence by condition was significant, adj.R² = .05, F 

(1, 67) = 4.93, p = .03. As expected, participants in the VR condition had an increased sense of 

presence. Descriptive statistics and correlations of all measured variables are presented in Table 

8.
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Table 8. Descriptive statistics and correlations. 

 Means and SDs Correlations 

 Total PPT VR 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Age (1) 
17.16 
(±1.9
8) 

17.09 
(±2.3
2) 

17.24 
(±1.6
0)                

G (♀) 
(2) 

0.36 
(±0.4
8) 

0.34 
(±0.4
8) 

0.38 
(±0.4
9) 

-.11               

PJ T1 
(3) 

3.73 
(±1.8
8) 

3.34 
(±1.5
9) 

4.14 
(±2.0
8) 

-.1 .19              

PJ T2 
(4) 

4.40 
(±2.1
0) 

4.09 
(±2.0
3) 

4.72 
(±2.1
6) 

-.06 -.04 .35**             

PJ T3 
(5) 

6.63 
(±2.6
6) 

6.70 
(±2.6
8) 

6.55 
(±2.6
9) 

.15 -.11 -.14 -.39**            

SJ T1 
(6) 

4.01 
(±1.8
1) 

3.94 
(±1.8
8) 

4.07 
(±1.7
6) 

-.03 .09 .49*** .25* -.17           

SJ T2 
(7) 

4.43 
(±2.0
6) 

4.43 
(±2.0
3) 

4.44 
(±2.1
3) 

.13 -.06 .27* .75*** -.25 .40***          

SJ T3 
(8) 

5.88 
(±2.0
3) 

6.00 
(±1.9
3) 

5.76 
(±2.1
5) 

.03 .05 -.07 -.36** .56*** -.30* -
.34**         

RI T2 
(9) 

7.64 
(±1.3
2) 

7.86 
(±1.4
0) 

7.41 
(±1.2
1) 

-.19 .07 .04 -.26* .42** -.03 -.17 .1        

RI T3 
(10) 

4.90 
(±1.5

4.83 
(±1.6

4.97 
(±1.5 .02 -

.31* -.07 -.05 .03 -.13 -.12 .01 .14       
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 Means and SDs Correlations 

 Total PPT VR 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
5) 2) 0) 

IH T2 
(11) 

.39 
(±.19) 

.37 
(±.18) 

.42 
(±.20) .01 -.06 .02 .07 .08 -.09 .11 -.09 -.01 .09      

IH T3 
(12) 

.40 
(±.19) 

.37 
(±.21) 

.44 
(±.16) -.17 .08 -.14 .07 .18 -.01 .06 .15 .09 .1 .23     

RC 
(13) 

1.88 
(±1.3
7) 

1.69 
(±1.4
5) 

2.09 
(±1.2
6) 

.09 -.09 .07 .09 .21 -.17 .08 .28* .05 -.1 .05 .09    

SofP 
(14) 

2.77 
(±.78) 

2.57 
(±.59) 

2.98 
(±.89) -.13 .08 .09 .11 -.03 -.06 -.07 .37*

* -.07 .15 -.06 .13 -.02   

RA 
(15) 

-.60 
(±1.0
7) 

-.74 
(±.84) 

-.46 
(±1.2
7) 

.08 .03 .02 .12 -.2 -.09 .02 -.21 -
.33** -.2 0 -

.05 .06 -
.01  

RT (16) 
3.51 
(±1.0
7) 

3.45 
(±.89) 

3.57 
(±1.2
4) 

-.18 .17 .22 -.03 .03 .31* .06 -.05 .28* .2 -.03 .16 -.22 -
.03 

-
.41*** 

Note. G = Gender, PJ = Probability judgment, SJ = Severity judgment, RI = Recall of safety information, IH = Identified hazards, 
RC = Risky choice, SofP = Sense of presence, RA = Risk attitude health/safety domain, RT= Risk-taking health/safety domain 
*p < .05. **p < .01. ***p < .001. 
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We used R (TeamR, 2013) and lme4 (Bates et al., 2014) to perform a linear mixed effects 

analysis of the effects of presentation format (VR vs. PPT) on the safety training outcome 

variables severity judgment, probability judgment, recall of safety information, and identified 

hazards. We conducted the analysis for each dependent variable and first tested the effect of the 

experimental treatment and then added sense of presence, participants’ health-and-safety-

domain-specific risk attitude, as well as participants’ health-and-safety-domain-specific risk-

taking to the models as covariates to control for person-specific effects. 

In the models, we entered experimental condition, time of measurement, sense of 

presence, health-and-safety-domain-specific risk attitude, as well as health-and-safety-domain-

specific risk-taking as fixed effects. As random effects, we assumed random intercepts for 

participants, but we did not assume random slopes. We assumed a random intercept model 

because deviations from the grand mean (e.g., probability judgments at different time points) 

were of interest, and we had no predictors on Level 1 that, would suggest random slopes. We 

obtained p-values with the lmertest package (Kuznetsova et al., 2014). The intercept in the 

baseline model (i.e., the model without predictors on Level 2) represents the grand mean. 

Intercepts in the subsequent models including predictors on Level 2 always represent the mean of 

the reference category, which assumes a value of 0 for all entered predictors. We tested multiple 

models in order to address our research questions. First, we tested models to investigate 

treatment effects (Models 1 to 3) and then tested whether the effects depended on personality 

(Model 4). 

Risk judgments 

As can be seen in Fig. 7, the safety training led to an increase in risk judgment in terms of 

judged likelihood and judged severity of accidents, but the presentation format had no effect. 
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Fig. 7. Risk judgment before and after the safety training (Plot A depicting the severity 

rating and Plot B depicting the probability rating). 

We found that the judgment of the likelihood of accidents was affected by the safety 

training across all models as indicated by time as a significant predictor, 𝑏𝑏 = 1.43, 𝑡𝑡(194) = 7.18, 

𝑝𝑝 < .001. There was no effect of the condition or domain-specific risk attitudes or risk-taking (all 

coefficients, see Table 9). 
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Table 9. Coefficients and model parameters for multilevel regression predicting the probability judgment. 

Predictors 
Probability judgment 
Model 1 Model 2 Model 3 Model 4 

  Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) 

Fixed Parts 
Int. 3.47 (2.99, 3.96) *** 3.25 (2.68, 3.83) *** 3.04 (2.36, 3.72) *** 2.65 (1.37, 3.92) *** 
T 1.43 (1.04, 1.82) *** 1.43 (1.04, 1.82) *** 1.65 (1.11, 2.20) *** 1.65 (1.11, 2.20) *** 
VR   0.45 (-0.18, 1.08)  0.89 (-0.08, 1.86)  0.92 (-0.06, 1.90)  
VRxT     -0.46 (-1.24, 0.32)  -0.46 (-1.24, 0.32)  
RA       -0.11 (-0.41, 0.19) 
RT       0.09 (-0.21, 0.39) 

Random Parts 
σ2 5.025 5.000 4.991 5.022 
τ00, vp_code 0.000 0.000 0.000 0.000 
Nvp_code 69 69 69 69 
ICCvp_code 0.000 0.000 0.000 0.000 

Observations 196 196 196 196 
R2 / Ω0

2 .210 / .210 .218 / .218 .223 / .223 .227 / .227 

Note. T = Time, VR = Experimental condition, RA = Risk attitude health/safety domain, RT= Risk-taking health/safety domain. * 
p<.05. ** p<.01. *** p<.001. 
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As for the probability judgment, we found that the severity judgment of accidents was 

affected by the safety training across all models, as indicated by time as a significant predictor, 

𝑏𝑏 = 0.92, 𝑡𝑡(195) = 5.27, 𝑝𝑝 < .001. There was no effect of the condition, domain-specific risk 

attitudes, or risk-taking (all coefficients, see Table 10). 
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Table 10. Coefficients and model parameters for multilevel regression predicting the severity judgment. 

Predictors 
Severity judgment 

Model 1 Model 2 Model 3 Model 4 
  Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) 

Fixed Parts 
Int. 3.84 (3.42, 4.27) *** 3.85 (3.35, 4.36) *** 3.77 (3.16, 4.37) *** 3.17 (2.04, 4.29) *** 
T 0.92 (0.58, 1.27) *** 0.92 (0.58, 1.27) *** 1.01 (0.53, 1.50) *** 1.02 (0.53, 1.50) *** 
VR   -0.02 (-0.58, 0.53)  0.15 (-0.70, 1.01)  0.18 (-0.68, 1.04)  
VRxT     -0.18 (-0.87, 0.50)  -0.17 (-0.86, 0.51)  
RA       -0.17 (-0.43, 0.09)  
RT       0.14 (-0.13, 0.40)  

Random Parts 
σ2 3.908 3.928 3.942 3.932 
τ00, vp_code 0.000 0.000 0.000 0.000 
Nvp_code 69 69 69 69 
ICCvp_code 0.000 0.000 0.000 0.000 

Observations 197 197 197 197 
R2 / Ω02 .125 / .125 .125 / .125 .126 / .126 .137 / .137 

Note. T = Time, VR = Experimental condition, RA = Risk attitude health/safety domain, RT= Risk-taking health/safety domain. * 
p<.05. ** p<.01. *** p<.001. 
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These findings show that the safety training affected risk perception even after 6 months, 

but there was no difference in whether the training was carried out using PPT or VR. It is 

important to mention that the intra-class correlation of zero indicated that the participants’ 

responses at each measurement point were not affected by inter-individual variation, and there 

was no variation at the intercept, which means the trajectory over time was similar for all 

participants’ risk judgments and the variation is explained by the residual variance term alone.1 

Learning  

How well the participants had learned the contents of the safety training was measured 

with a recall test and a test in which participants had to identify the hazards of a particular 

machine. Recall of safety information was slightly higher in the PPT condition, 𝑀𝑀 = 7.86 (𝑆𝑆𝑆𝑆 = 

1.40), than in the VR condition, 𝑀𝑀 = 7.41 (𝑆𝑆𝑆𝑆 = 1.21), directly after the safety training. 

However, the average of the recalled safety information decreased over time in both 

experimental conditions, and scores were similar to each other after 6 months; while the PPT 

condition had 𝑀𝑀 = 4.83 (𝑆𝑆𝑆𝑆 = 1.62), the VR condition yielded 𝑀𝑀 = 4.97 (𝑆𝑆𝑆𝑆 = 1.50). The 

                                                 

1We also tested a random slope model allowing for an cross-level interaction of time and subject, 

which allows for differences in change over time. It shows that the lack of variation on level 2 is 

explained by the perfect correlation of -1 between intercept and slope. Participants with lower 

than average risk judgments had a positive slope (i.e. they increased their risk judgment over 

time), while participants with a higher than risk judgment showed a negative slope. Importantly, 

the random slope models did not result in better fit – for this reason we only report the more 

parsimonious random intercept models.  
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amount of safety information that was recalled decreased over time, 𝑏𝑏 = -2.75, 𝑡𝑡(65.36) = -11.6, 

𝑝𝑝 < .001. Furthermore, health-and-safety-domain-specific risk attitude, 𝑏𝑏 = -0.26, 𝑡𝑡(67.08) = -

2.16, 𝑝𝑝 = 0.03, and risk-taking, 𝑏𝑏 = -3.02, 𝑡𝑡(64.95) = -9.13, 𝑝𝑝 < .001, affected the amount of 

information that was recalled. The lower participants’ risk aversion, the less information they 

recalled. Furthermore, participants who are more risk seeking in their behavior in the 

health/safety domain were also more likely to recall less information. There was no effect of 

experimental condition, 𝑏𝑏 = -0.19, 𝑡𝑡(66.04) = -0.71, 𝑝𝑝 = 0.48 (for all coefficients, see Table 11). 

There was no interaction between domain-specific risk attitude or risk-taking with the 

experimental condition, all 𝑝𝑝s > .5, and no interaction between domain-specific risk attitude or 

risk-taking with time, all 𝑝𝑝s > .16.
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Table 11. Coefficients and model parameters for multilevel regression predicting the amount of safety information that was 

recalled. 

Predictors 
Recall of safety information 
Model 1 Model 2 Model 3 Model 4 

  Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) 

Fixed Parts 
Int. 7.64 (7.30, 7.97) *** 7.73 (7.31, 8.16) *** 7.86 (7.38, 8.33) *** 8.51 (7.56, 9.46) *** 
T -2.75 (-3.21, -2.28) *** -2.75 (-3.21, -2.29) *** -3.03 (-3.68, -2.37) *** -3.02 (-3.67, -2.37) *** 
VR   -0.19 (-0.72, 0.34)  -0.45 (-1.12, 0.23)  -0.32 (-0.97, 0.32)  
VRxT     0.56 (-0.37, 1.49)  0.51 (-0.41, 1.44)  
RA       -0.32 (-0.54, -0.09) ** 
RT       -0.26 (-0.49, -0.02) * 

Random Parts 
σ2 1.767 1.761 1.760 1.764 
τ00, vp_code 0.275 0.291 0.285 0.100 
Nvp_code 69 69 69 69 
ICCvp_code 0.134 0.142 0.139 0.054 

Observations 128 128 128 128 
R2 / Ω0

2 .611 / .605 .617 / .611 .620 / .614 .589 / .588 

Note. T = Time, VR = Experimental condition, RA = Risk attitude health/safety domain, RT= Risk-taking health/safety domain. * p<.05. 
** p<.01. *** p<.001. 
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Regarding the number of hazards identified in the PPT condition, we observed the 

following means: for identified hazards t2: 𝑀𝑀 = 0.37 (𝑆𝑆𝑆𝑆 = 0.18) and t3:𝑀𝑀 = 0.42 (𝑆𝑆𝑆𝑆 = 0.20), 

which was similar to the VR condition with t2: 𝑀𝑀 = 0.37 (𝑆𝑆𝑆𝑆 = 0.21) and at t3:𝑀𝑀 = 0.44 

(𝑆𝑆𝑆𝑆 = 0.16). Overall, the proportion of identified hazards differed between groups, and more 

hazards were identified in the VR condition than in the PPT condition, a difference that was 

marginally significant, 𝑏𝑏 = 0.06, 𝑡𝑡(65.59) = 1.69, 𝑝𝑝 = 0.1. The number of hazards that 

participants identified directly after the safety training was not different than 6 months later, 

which was indicated by the fact that there was no effect of time, 𝑏𝑏 = 0.01, 𝑡𝑡(64.61) = 0.32, 𝑝𝑝 = 

0.75. Finally, there was no evidence that health/safety-domain-specific risk attitude or risk-taking 

influenced the likelihood of identifying hazards (for all coefficients, see Table 12).
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Table 12. Coefficients and model parameters for multilevel regression predicting the proportion of identified hazards.  

Predictors 
Identified hazards 

Model 1 Model 2 Model 3 Model 4 
  Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) 

Fixed Parts 
Int. 0.39 (0.35, 0.44) *** 0.36 (0.31, 0.42) *** 0.37 (0.30, 0.43) *** 0.35 (0.21, 0.49) *** 
T 0.01 (-0.05, 0.07)  0.01 (-0.05, 0.07)  0.00 (-0.08, 0.09)  0.00 (-0.08, 0.09)  
VR   0.06 (-0.01, 0.13)  0.06 (-0.03, 0.15)  0.06 (-0.03, 0.15)  
VRxT     0.01 (-0.11, 0.13)  0.01 (-0.11, 0.13)  
RA       -0.01 (-0.04, 0.03)  
RT       0.00 (-0.03, 0.04)  

Random Parts 
σ2 0.028 0.028 0.029 0.029 
τ00, vp_code 0.008 0.007 0.007 0.008 
Nvp_code 69 69 69 69 
ICCvp_code 0.224 0.206 0.198 0.211 

Observations 128 128 128 128 
R2 / Ω0

2 .629 / .369 .549 / .360 .542 / .352 .548 / .367 

Note. T = Time, VR = Experimental condition, RA = Risk attitude health/safety domain, RT= Risk-taking health/safety domain. * 
p<.05. ** p<.01. *** p<.001. 
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Decision making 

In the decision making task, participants had to repeatedly choose between the safe and 

unsafe options, and the payoff from the unsafe option increased with each decision. We were 

interested in identifying the level of monetary reward at which the risky option was preferred 

over the safe option and in whether this level differed between experimental conditions, which 

would indicate differences in risk aversion. Fig. 7 shows that as the payoff of the risky option 

increased, participants became more likely to choose the risky option. 

 

Fig. 8. Proportion of Unsafe Choices in Each Decision: Data Averages for participants in 

each experimental condition. 

We used an orderd probit regression from the MASS package (Ripley et al., 2011) to test 

whether the points at which the participants changed their minds differed between groups and 

whether this was affected by domain-specific risk-taking and risk attitudes as well as the two 

learning outcomes (i.e., recalled safety information and identified hazards; see Table 13).
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Table 13. Ordered probit model for the switching point in the risky choice task. 

Predictors 
Safe choices 
Model 1 Model 2 Model 3 Model 4 Model 5 

 Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) Est (95% CI) 

VR -.301 (-.803, .201) -.285 (-.792, .222) -.254 (-.766, .258) -.304 (-.823, .215) -.288 (-.812, .235) 

RA  -.053 (-.292, .185) -.015 (-.258, .229) -.066 (-.322, .191) -.066 (-.323, .191) 

RT   -.438*** (-.689, -.186) -.461*** (-.716, -.206) -.464*** (-.719, -.209) 

RI    -.137 (-.350, .075) -.137 (-.350, .075) 

IH     -.309 (-1.673, 1.055) 

Observations 69 69 69 69 69 

Note: VR = Experimental condition, RA = Risk attitude health/safety domain, RT= Risk-taking health/safety domain, RI = Recall of 
safety information, IH = Identified hazards. *p<0.05; **p<0.01; ***p<0.001 
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The experimental condition did not significantly affect decision making, 𝐵𝐵 = -0.3, 𝑡𝑡 = -

1.18, 𝑝𝑝 > .21. Health/safety-domain-specific risk-taking was the only significant predictor of the 

risky decision, 𝐵𝐵 = -0.25, 𝑡𝑡 = -3.41, 𝑝𝑝 < .01. No interaction of any predictor with experimental 

condition was observed. 

3.3. Discussion 

The second study found a positive effect of the safety training on risk perception even 

after 6 months. However, although the degree of immersion was higher in the VR condition, the 

presentation medium (VR vs. PPT) did not result in differences in risk perception. The VR 

condition did not increase the retention of safety information, but it led to a slightly higher ability 

to identify hazards in a pillar power drill. It is interesting that we found evidence that health-and-

safety-domain-specific risk attitude and risk-taking were negatively associated with the recall of 

safety information. This indicates that participants who are more risk-seeking probably paid less 

attention to the safety information and thus remembered less. Furthermore, participants whose 

behavior was more risk-seeking in the health and safety domain were also more likely to work on 

the unsafe machine, and their decision making was less risk-averse than the decision making of 

others. It is important to mention that these effects did not depend on the experimental condition. 

Taken together, the findings suggest that while a safety training has the potential to affect risk 

perception, domain-specific risk attitudes and risk-taking influence risky choices and even the 

processing of safety information indicated by their effects on the recall of safety-relevant 

information.  

4. GENERAL DISCUSSION 

On the basis of previous research, we expected that participants in the immersive VR 

condition would experience a higher sense of presence, a prediction that was corroborated in 
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both studies. Because immersive VR provides a relatively realistic experience of the possible 

negative events, we predicted that the VR condition would have a stronger impact on risk 

perception and decision making than the PPT condition and that participants in the VR condition 

would recall more safety-relevant information and would detect more hazards when they faced a 

real machine later. 

Contrary to these predictions, we found only weak evidence for the stronger impact of 

immersive VR than PPT. Only in Study 1 were the changes of risk perception more pronounced 

for the immersive VR condition than the PPT condition. Differences in learning, measured with 

recalled safety information and identified hazards, did not differ significantly between the 

experimental conditions. Surprisingly, we found that participants in the immersive VR condition 

made more risk-seeking choices than those in the PPT condition, a difference that was significant 

in Study 1 and still prevalent in Study 2, although not significant. Finally, because experiential 

learning results in more complex knowledge networks and knowledge integration (Glaser, 1984), 

we expected that risk-related decisions would be affected more strongly by participants’ safety 

knowledge and identified hazards in the immersive VR condition than in the PPT condition, 

reflecting a higher degree of knowledge integration in the immersive VR condition. We found 

evidence in support of this hypothesis in Study 1, where higher recall of safety information was 

associated with more risk-averse decision making, but not in Study 2. 

These two studies present an important step toward the understanding of immersive VR 

as a means for safety training. Whereas in Study 1, we found evidence for the prediction that 

immersive VR would result in a greater change in risk perception, we were not able to replicate 

this finding in Study 2. Similar to other studies (Sacks et al., 2013; Zaalberg and Midden, 2013), 

the differences between PPT and VR were small when looking at the outcome variables related 



COMPARING IMMERSIVE VR & POWERPOINT IN A SAFETY TRAINING 58 

to risk perception. It is important to mention that, in both studies, the sense of presence was 

higher in VR than in PPT, but this did not lead to differences in learning, a finding that is in line 

with previous studies (Gavish et al., 2015; Moreno and Mayer, 2002; Persky et al., 2009). 

Because we conducted the two studies using the same material, a strategy that has not been used 

before, we were able to show that the positive effects of immersive VR were not robust. It is 

important to mention that, whereas the experimental conditions differed in the two studies 

regarding their sense of presence, in Study 1, the variance in sense of presence explained by the 

manipulation was 20%, whereas in Study 2, it was only 5%. In Study 2, no knowledge 

differences were found at the later assessment. This finding is in contrast to a previous study 

(Sacks et al., 2013), but there, the dropout rate was very high (i.e., 70%), so it is possible that 

only motivated participants showed up for the final measure.  

The two present studies were the first to assess decision making as a behavioral outcome 

after a safety training and found that participants in the immersive VR conditions did not differ 

from participants in the PPT conditions. It is important to mention that the results of Study 2 

point to the relevance of personality because participants’ domain-specific risk-taking was the 

most important predictor of their decisions and may therefore have overruled potential effects of 

the training. Domain-specific risk-taking and attitude did not influence perceptions but 

influenced participants’ decisions and their recall of safety-relevant information. The two present 

studies extend knowledge in safety science by showing that it is not a technological effect of 

immersive VR that increases learning and changes in risk perception and decision making. When 

everything else was parallel, the differences between VR and PPT were small, a finding that is in 

line with previous studies that examined the effects of presentation mode on the effectiveness of 

training (Zaalberg and Midden, 2013). Thus, it may be interactive components that are the most 
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important factors for explaining the differences found in previous studies between VR and the 

passive consumption of information in written form or with PPT (Buttussi and Chittaro, 2017; 

Chittaro and Buttussi, 2015).  

Finally, the findings suggest that individual differences in risk-taking are highly relevant 

in affecting the processing of safety information and the recall of safety knowledge. As a 

consequence, we suggest that safety training programs should be tailored toward individuals with 

a tendency to take risks because safety knowledge is one predictor of safety performance 

(Christian et al., 2009). 

4.1. Limitations and future research 

The present studies were designed to provide a hard test of the effectiveness of immersive 

VR compared with a traditional method, in our case PPT. For this reason, videos were extracted 

from the immersive VR condition and presented in the PPT condition, and thus, the presentation 

format and the resulting immersion were the only differences between conditions. The extraction 

of the material from the immersive VR condition and its use in the PPT condition resulted in 

vivid and lively material, which may explain why even the control group increased their risk 

perception and had positive learning outcomes. Furthermore, the extent to which the ego-

perspective alone is already beneficial for learning remains an open question because the 

depicted information is relevant for the self through its perspective. Future studies could use a 

third experimental group, which would receive the safety training with still pictures and text to 

determine the effects of vividness and perspective on attention and memory.  

Another limitation of the present study was its reliance on a student sample. We chose a 

high school and apprentice student sample because they are representative of novice workers 

who are being taught to handle fast-moving machines in industry. However, particularly the 
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statistical questions measuring risk perception could have been difficult for them because level 

of, education has been found to be positively correlated with risk numeracy (Cokely et al., 2012; 

Cokely and Kelley, 2009). This might explain why risk perception and decisions in our risky 

choice task were not correlated. It is important to mention that the relation between domain-

specific risk attitude and risk-taking in the decision task points to the external validity of the 

design, whereas it calls into question the validity of our risk-perception measures. For this 

reason, future research should investigate whether, for samples where a lack of sufficient 

statistical understanding can be assumed, decisions might offer a better way to assess underlying 

beliefs. 

Finally, in the present studies, participants were limited to the role of observers, even in 

the immersive VR condition. Whereas this was a necessary condition for investigating the effect 

of the presentation format on the effectiveness of a safety training, in future research, the degree 

of interaction should be varied along with the presentation format in order to identify a possible 

interaction between immersion and level of interaction. 

4.2. Conclusion 

In both studies presented here, the material and images displayed in the safety training 

were held constant across the experimental conditions. Thus, the two current studies provide 

evidence that the difference in safety training effectiveness observed in studies comparing 

immersive VR and traditional methods is most likely due to the displayed material (e.g., whether 

materials are more engaging or vivid) rather than the medium used for presentation per se. 
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