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Virtual reality training for police officers: a comparison of training 
responses in VR and real-life training
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aDepartment of Human Movement Sciences, Vrije Universiteit Amsterdam, Amsterdam, the Netherlands; bInstitute 
of Brain and Behaviour Amsterdam, Amsterdam, the Netherlands; cAmsterdam Movement Sciences, Amsterdam, 
the Netherlands; dNetherlands Institute for the Study of Crime and Law Enforcement (Nederlands Studiecentrum 
Criminaliteit en Rechtshandhaving; NSCR), Amsterdam, the Netherlands; eFaculty of Sports and Nutrition, 
Amsterdam University of Applied Sciences, Amsterdam, the Netherlands

ABSTRACT
In policing, Virtual Reality scenario-based training (VR SBT) is being 
explored to complement real-life scenario-based training (RL SBT). We 
investigated whether relevant training responses in VR SBT, namely 
heart rate (HR), level of physical activity, mental effort, and perceived 
stress, resemble those in RL SBT. Utilizing a within-subject study design, 
we investigated the training responses of 237 police officers of the Dutch 
National Police. We found that the maximum HR and average level of 
physical activity were significantly higher in RL SBT, whereas invested 
mental effort was significantly higher in VR SBT. No significant differences 
were found in average HR and perceived stress. We also found that 
perceived stress in VR was predicted by participants’ VR experiences 
such as engagement with VR and experience of negative effects, but not 
by participant characteristics. Participants’ mental effort in VR was pre
dicted by their VR experiences and participant characteristics, particularly 
gaming frequency. In conclusion, VR SBT can elicit perceived stress, men
tal effort, and average HR that resemble or exceed responses in RL SBT, 
providing a promising tool to complement police training.
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1 Introduction

Police officers respond to complex on-duty situations on a regular basis (Anderson et al., 2002; 
Gershon et al., 2009). For instance, when engaging in a domestic violence dispute, police officers are 
faced with a variety of demands: they have to establish the context of the situation, evaluate the risk 
of harm to themselves and others, communicate with dispatch, the possible perpetrator, the victim, 
and each other, and make decisions regarding the appropriate interventions (e.g., the need for use of 
force, arrest, medical services, etc.). While most routine police tasks, such as administrative duties 
or traffic respondence are likely to be non-violent (Famega, 2005), police officers also have to be 
prepared to respond to high-risk incidents such as escalating situations with armed perpetrators 
(MacDonald et al., 2003). Consequently, police officers have to be prepared for numerous situations 
ranging from regulated and routine tasks to complex, ambiguous, and potentially life-threatening 
encounters.

CONTACT Lisanne Kleygrewe l.kleygrewe@vu.nl Department of Human Movement Sciences, Vrije Universiteit 
Amsterdam, Amsterdam, the Netherlands

POLICE PRACTICE AND RESEARCH                     
https://doi.org/10.1080/15614263.2023.2176307

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4. 
0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://orcid.org/0000-0001-9685-4198
http://orcid.org/0000-0002-3583-9362
http://orcid.org/0000-0001-5577-8926
http://orcid.org/0000-0002-1643-0107
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/15614263.2023.2176307&domain=pdf&date_stamp=2023-02-09


Through training, police agencies equip their officers with the knowledge and skills to respond to 
the wide range of situations encountered on duty. An established method to prepare officers for 
a variety of situations in training and replicate realistic and life-like on-duty incidents is scenario- 
based training (Baldwin et al., 2021; DiNota & Huhta, 2019; Renden et al., 2015). Real-life scenario- 
based training (RL SBT) aims to simulate on-duty incidents by constructing training environments 
that closely resemble on-duty situations. It incorporates immersive role-plays (e.g., actors that play 
the perpetrator and/or victims) and other props (e.g., a suitable training location mimicking a living 
room, sounds such as loud music) to replicate the on-duty situation as realistically as possible. By 
engaging in interactive and dynamic training scenarios, trainees learn to execute verbal, cognitive, 
and physical skills concurrently under representative conditions and can explore a variety of 
behavioral strategies to resolve complex situations in training (DiNota & Huhta, 2019; 
Rajakaruna et al., 2017). Implementing RL SBT that repeatedly exposes police officers to the stress 
they experience during complex on-duty tasks helps officers to gain familiarity with stress and may 
enhance performance under those conditions (Nieuwenhuys & Oudejans, 2011).

Although RL SBT enhances officers’ performance of on-duty tasks under stressful circumstances 
(Andersen & Gustafsberg, 2016; Andersen et al., 2016; Baldwin et al., 2021), several issues with the 
implementation of realistic RL SBT into practice remain, such as inadequate delivery and resource- 
and labor-intensiveness (Cushion, 2020, 2022; Rajakaruna et al., 2017). For example, police 
instructors require suitable locations that fit the training scenarios (e.g., an apartment building 
for a domestic violence scenario), actors, experienced instructors, or well-instructed trainees that 
play the role-player (e.g., to play the victims or perpetrator), functional gear that resembles the 
operational gear (e.g., FX systems that replicate the operational weapon but use non-lethal muni
tion), and sufficient training time to set-up the scenario and complete it with multiple trainees. 
Thus, limitations in delivery and resource availability make the efficacious application and imple
mentation of RL SBT in police training challenging (Kleygrewe et al., 2022).

The use of virtual reality training – scenario-based training using a virtual simulator (VR SBT) — 
offers new ways to complement RL SBT (Haskins et al., 2020; Murtinger et al., 2021). Immersive VR 
training systems provide a 3D environment in which trainees can freely move about and interact 
with simulated surroundings (Scarfe & Glennerster, 2019). VR SBT provides the advantage that it 
can be performed largely independent of a training location as it relies only on sufficient space to set 
up a VR system. Additionally, police instructors can control the content of the scenarios and create 
a wide variety of simulated environments without needing additional resources such as props or 
different training locations. Most VR systems offer an after-action review in which instructors and 
trainees can play back the scenario from various perspectives while also providing a variety of 
performance data (e.g., shots fired, targets hit, bystanders flagged). Having these after-action review 
options from the VR system may enhance the way instructors provide and trainees receive feed
back, as the objective and visual information provided during the review is less abstract compared 
to verbal feedback after RL SBT. Using VR SBT may thus provide the opportunity to negate some of 
the challenges that RL SBT poses (Giessing, 2021).

In recent years, researchers have investigated the efficacy of VR as a training tool in practice. 
Groer et al. (2010) demonstrated that simulated environments (i.e., a video projected onto a wall) 
can elicit similarly high levels of stress reactivity to lethal use of force as those experienced during 
real-life incidents. With evolvement in technology, Bertram et al. (2015) showed that the training 
transfer (measured by a complex task in reality) is similar in VR SBT and RL SBT indicating that 
training in VR may lead to similar performance outcomes as training in real-life. More recently, VR 
has been used to explore police officers’ psychophysiological responses (i.e., electroencephalo
graphic and heart rate variability parameters) to firearm shooting tasks (Muñoz et al., 2020). 
Moreover, Binsch et al. (2022) found that preparation for police surveillance tasks was more 
effective for performance and recovery when done in VR compared to real-life. Taken together, 
these findings highlight that VR can be an effective tool for training cognitive-perceptual skills 
(Harris et al., 2021) and retaining and applying police-specific knowledge (Saunders et al., 2019). 
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However, little is known about how police officers respond to dynamic, interactive VR SBT 
physically and psychologically.

On-duty, police officers engage in physically and psychologically demanding tasks (Andersen 
et al., 2016). In training, these task demands should be reflected in the responses of police officers to 
prepare them for duty (DiNota & Huhta, 2019; Kleygrewe et al., 2022). Training modalities such as 
RL SBT and VR SBT should therefore elicit physical and psychological training responses that 
expose officers to experiences they may have in the field. Physical training responses such as heart 
rate and level of physical activity give insights into the cardiovascular demands and amount of 
movement required during the training. Eliciting physical training responses is relevant because 
police officers are required to perform under high physical strain (Andersen et al., 2016; Baldwin 
et al., 2019) and benefit from experiencing this type of strain in training. Similarly, psychological 
training responses such as mental effort and perceived stress (Houtman & Bakker, 1989; Zijlstra,  
1993) provide insights into the cognitive processes that trainees experience during the training. For 
instance, according to attentional control theory (Eysenck et al., 2007), investing mental effort is 
a compensatory strategy to negate the influence of stress and anxiety on performance and has been 
shown to provide a potentially effective strategy for police officers after training in high-anxiety 
conditions (Nieuwenhuys & Oudejans, 2011). Therefore, training modalities such as RL SBT and 
VR SBT should provoke psychological responses to familiarize police officers with the influence of 
perceived stress and mental effort in training. While research has extensively investigated RL SBT in 
police (e.g., Andersen et al., 2016; Baldwin et al., 2021; Cushion, 2022; Jenkins et al., 2021), insights 
into physical and psychological training responses to VR SBT are sparse. Understanding these 
training responses to VR SBT enhances the use of VR in police and provides information on how 
VR SBT differs from RL SBT to determine where the two modalities could complement each other 
to improve current training practices.

As VR is a fairly new training tool in policing, police officers are likely to encounter VR as 
a training modality for the first time. Some officers may find it easy to be immersed and engaged 
from the start, others may have difficulties adjusting to the virtual environment and require 
additional training time in VR to become sufficiently immersed and engaged. It is likely that overall 
knowledge about and frequent use of technology, as well as prior experience with VR, may make it 
easier for police officers to engage with VR as a training tool (Pletz, 2021). Other factors such as 
being prone to cybersickness or experiencing other adverse effects may negatively influence the way 
in which police officers experience and engage with VR (Weech et al., 2019). Yet, little is currently 
known about how police officers engage with VR as a training technology and whether specific 
protocols should be in place to make VR SBT more efficient and effective for police officers. 
Investigating factors such as sense of presence (i.e., the feeling of ‘being there’ in the virtual 
environment; Lessiter et al., 2001), cybersickness, and user characteristics related to technology 
affinity may specify how VR training can be adjusted to engage police officers and consequently 
improve the application of VR in police.

The current study aims to close the research gaps surrounding VR for police, particularly 
regarding police officers’ training responses to VR SBT and their experiences with VR as 
a training tool. First, we investigate physical (i.e., heart rate, level of physical activity) and 
psychological (invested mental effort and perceived stress) training responses of police officers to 
VR SBT and RL SBT. Inherent differences between RL SBT and VR SBT exist (see for instance 
Giessing, 2021); therefore, we investigate the differences of the two training modalities as they are 
currently used in police practice (e.g., short sequences of VR scenarios; long, extensive reality-based 
scenarios). Examining the physical and psychological responses to the two types of training may 
highlight the strengths and weaknesses of each and how they can be used to complement each other. 
Second, we investigate factors (i.e., participant characteristics and VR-specific experiences) that we 
hypothesize to influence the psychological training responses (i.e., invested mental effort and 
perceived stress) of police officers. Understanding how participant characteristics (such as age or 
experience with technology) and VR-specific experiences (such as sense of presence or the 
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experience of negative effects) relate to or influence psychological training responses may provide 
initial guidelines on how VR SBT can be tailored to be integrated into existing training frameworks. 
Thus, the current study takes a first step at investigating the application of VR for dynamic, 
interactive SBT and how police officers (physically and psychologically) respond to and experience 
VR as a training technology.

2 Methods

This study was conducted in collaboration with the Dutch National Police. We conducted our 
experiment around the annual training days of the special intervention unit with a primary focus on 
close protection tasks (e.g., ensuring safety of clients, assessing security, and providing surveillance). 
By conducting our experiments as part of the annual training days, we were able to test and assess 
the training modalities RL SBT and VR SBT as they are applied in practice. This means that we 
utilized a large-scale scenario set-up with various role-players and props in the RL SBT, followed by 
a verbal debrief with the instructor. Comparatively, for VR SBT we utilized three short scenarios (to 
highlight the possibility of training a variety of adaptable scenarios in a short time) in combination 
with the possibility to receive an objective after-action review after each scenario. Hence, this study 
was not set up to compare identical trainings in real-life and VR environments but to compare the 
physical and psychological training responses to RL SBT and VR SBT as applied in practice.

2.1 Participants

In total, 237 street patrol officers of the Dutch National Police with additional tasks in the Dutch 
special intervention unit (227 male, 8 female, and 2 other; M age = 39.39, SD = 7.82) participated in 
this study. The participants’ experience on the job ranged from 3 to 42 years (M years = 15.16 years, 
SD = 6.78). Participants provided informed consent before the start of the experiment. Ethical 
approval was obtained from the Social and Societal Ethics Committee of the Katholieke 
Universiteit Leuven as part of the SHOTPROS project which is funded by the European Union’s 
Horizon 2020 Research and Innovation Programme (Grant number: 833672).

2.2 Design

We utilized a within-subject study design. All participants completed RL SBT and the VR SBT in 
their respective training groups. To counterbalance the training order, half of the training groups in 
this study completed the RL SBT followed by the VR SBT; the other half of the training groups 
completed the VR SBT followed by RL SBT. The training groups consisted of 12 to 16 participants 
depending on the size of the operational unit. For the RL SBT, the training group of 12 to 16 
participants executed one large training scenario. The training scenario took on average 40 minutes. 
For the VR SBT, the operational unit was split into two training groups consisting of six to eight 
participants (depending on the initial size of the operational unit). This was done to allow sufficient 
computing power in the VR. Each group of six to eight participants completed a sequence of three 
VR SBT scenarios which on average took six minutes each (total VR SBT time on average 18  
minutes).

In this study, we assessed three main measures: physical training responses (HR, physical 
activity), psychological training responses (perceived stress, mental effort), and VR experiences 
(participant characteristics, sense of presence). Due to the training schedule of the Dutch police, the 
set-up of the study was such that some participants were unable to complete all three study 
measures (without causing a delay in the training schedule). In addition, due to limited availability 
of measurement equipment (i.e., Zephyr Bioharness devices), we could not monitor the physical 
activity and heart rate of all participants. Thus, we utilized three distinct sub-samples for the three 
measures we recorded in this study. A total of 210 participants completed the VR experience 
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measures, a total of 114 participants completed the measures of psychological response measures, 
and a total of 54 participants took part in the measures of physical responses. The overlap of 
participants taking part in the measures can be found in Figure A1 in the Appendix; descriptive 
statistics of the sub-samples can be found in Table A1 in the Appendix. There are no notable 
differences in the demographic distribution of the sub-samples (see Table A1).

2.3 Training set-up

All training took place at a training facility consisting of multiple empty buildings rented specifically 
for the purpose of the training. The VR SBT took place in a large hangar. The RL SBT took place on 
the outside and inside of an empty office-like building. As this training was conducted for police 
officers in the Dutch special intervention unit with tasks as close protection officers, the overall 
training objective focused on protection tasks; particularly on patrolling to ensure safe surround
ings, protecting the entrances of buildings, and spotting suspicious behavior. Training scenarios in 
VR and RL were adjusted to accommodate for the training objectives while also remaining suitable 
for the particular training modality. For instance, to use VR effectively, we selected three shorter 
training scenarios that combined building protection, patrolling, and spotting of suspicious beha
vior, using different virtual environments in each of the scenarios. For RL SBT, we utilized one 
large-scale cohesive scenario that combined the same training objectives as VR.

2.3.1 Real-life scenario-based training (RL SBT)
RL SBT was designed together with experienced training instructors of the Dutch National Police. 
The scenario was staged around an empty one-story building consisting of various rooms and one 
main entrance. The front side of the building faced a street. Participants wore their regular patrol 
gear, protective helmets, vests, earplugs, and protective glasses for use with FX cartridges. 
Participants were equipped with FX weapons (rifle-type) and FX non-marking cartridges, non- 
lethal training ammunition. Props used in the scenario included smoke bombs, police cars, civilian 
cars, and scooters. For the scenario, various role-play actors were hired to act in the following roles: 
a lawyer, a police officer, two suspects (equipped with FX handguns and non-marking cartridges, 
protection equipment), and four bystanders. The role-players were well rehearsed and adhered to 
the scenario script developed by the police instructors.

In the training scenario, participants were tasked with protecting a lawyer (role-player) and 
securing the lawyer’s office (the empty one-story building on the training premise). Participants 
took on various tasks according to their roles in their operational protection unit. Some participants 
were positioned outside the building to spot suspicious behavior of people or suspicious vehicles 
approaching the building. Another group of participants was positioned inside the building to 
provide personal protection for the lawyer. Additional participants were positioned at the main 
entrance to only give cleared people (role-players) access to the building. In the first 25 minutes of 
the scenarios, various people (role-players) would approach the building, attempting to get access. 
After 25 minutes passed, a police car arrived with a police officer as a role-player who exited the car. 
Meanwhile, two civilian cars approached the building and stopped in the middle of the road. The 
two civilians (role-players) left the car and threw smoke bombs and started shooting at the building 
to gain access. The police officer (role-player) who left the police car appeared to be shot and acted 
seriously injured. The participants’ task was to control the situation (e.g., attend to the injured 
officer and protect the lawyer). The training instructors who oversaw the training session were in 
charge of ending the scenario, typically as soon as the suspects were arrested or the threat was 
stopped.

2.3.2 Virtual reality scenario-based training (VR SBT)
The VR system used in this experiment was provided by RE-liON (www.re-lion.com). Participants 
were equipped with RE-liONs’ Blacksuit consisting of a binocular head-mounted display (including 
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microphone, sound effect, radio chatter), a smart vest with full-body tracking, a computing box 
(backpack style), and replica rifle. Figure 1 shows the VR equipment used in this study. In addition 
to the VR equipment, there was one VR system operator and two police instructors guiding the 
training. To ensure the safety of the participants and avoid falls, collisions, and limit the occurrence 
of cybersickness, the participants were instructed not to run during the VR SBT.

The training group of 12 to 16 participants was split into two smaller groups of six to eight 
participants to train the VR scenarios in small units ensuring sufficient computing power. The two 
small groups underwent calibration of the VR suits and equipment together and then completed 
a 5-minute instruction and familiarization scenario in the system. Next, the first small unit (in the 
following referred to as Group 1) started the first VR scenario while the other small unit (in the 
following referred to as Group 2) had the option to view the scenario from the outside on a large 
screen. Once Group 1 finished the first VR sequence, the second group started their first VR 
sequence. While Group 2 prepared for the first training scenario, Group 1 received an after-action 
review with a police instructor on a large screen next to the VR station. Once Group 2 started the 
training scenario, Group 1 had the option to view the scenario from the outside on a large screen. 
Once Group 2 finished their VR SBT sequence, the groups would swap again, and Group 2 received 
the after-action review while Group 1 prepared for the next training scenario. This process was 
repeated until all participants completed three VR SBT scenarios.

The VR scenarios depicted a large, square, multi-story building surrounded by parking lots and 
small streets, as can be seen in Figure 2. The participants’ task was to patrol around the building to 

Figure 1. RE-liOn’s Blacksuit – VR Equipment. The VR equipment was provided by RE-liON.
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spot suspicious behavior, engage perpetrators when necessary, and resolve any altercations accord
ingly. Various non-player characters (NPCs) with predetermined behaviors were placed in the 
scenarios and controlled by an operator from RE-liON who – under the guidance of an instructor – 
directed which threat would appear when and where. These on-the-fly scenario variations allowed 
the adjustment of the level of complexity to the performance of the participants in the scenarios, 
ensuring that participants completed three slightly different VR scenarios, while keeping the overall 
structure and objective of the training the same for all participants. On average, one VR scenario 
lasted approximately six minutes.

2.4 Measures

In this study, we assessed three main measures: physical training responses (average heart rate, 
maximum heart rate, activity), psychological training responses (mental effort, perceived stress), 
and experiences in VR (sense of presence). The specific sub-measures are described below.

2.4.1 Physical training responses
2.4.1.1 Heart rate (HR). Average and maximum heart rate (HR) in beats per minute (bpm) were 
recorded using a Zephyr Bioharness 3.0 device (www.zephyranywhere.com) at a recording fre
quency of 1 Hz. HR recordings of the active training time in the training scenarios for VR and RL 
were extracted and analyzed. HR Confidence (degree of validity of HR value, as a %) provided in the 
Zephyr output were used for data correction: data points at or below 25% HR Confidence were 
considered invalid and were removed from analysis (see ‘Heart Rate Confidence’, OmniSense 
Analysis Help, 2016). Physical inspection of extreme bpm values (outside of a realistic HR range, 
e.g., 0 bpm) were removed from analysis.

The Zephyr Bioharness device provides valid and reliable HR measurements (Nazari et al., 2018) 
and is frequently used in police research (e.g., Andersen & Gustafsberg, 2016; Bertilsson et al.,  
2020). In police research, HR has consistently been used as a common parameter to assess police 
officers’ cardiovascular response to stress (Andersen & Gustafsberg, 2016; Andersen et al., 2016; 
Anderson et al., 2002, 2019; Baldwin et al., 2019; Bertilsson et al., 2020; Vonk, 2008).

2.4.1.2 Level of physical activity. Level of physical activity was obtained using the Zephyr 
Bioharness 3.0 device (www.zephyranywhere.com). The Zephyr Bioharness contains a 3-axis accel
erometer that records vertical, lateral, and sagittal acceleration magnitudes. The level of physical 
activity was quantified as velocity magnitude units (VMU), measured in g. VMU = 

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x2 þ y2 þ z2

p

where x, y, and z are the averages of the three axial acceleration magnitudes over the previous 

Figure 2. VR Training Environment. The left picture shows the top-down layout of the VR training environment. The right picture 
shows the VR environment looking at the main entrance of the building. Pictures were provided by RE-liON.
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1-second epoch, sampled at 100 Hz. A VMU of higher than .2 indicates a walking equivalent 
activity, and a VMU of higher than .8 indicates a running equivalent activity (OmniSense Analysis 
Help, 2016).

2.4.2 Psychological training responses
To assess psychological training responses, we utilized visual analogue scales (VAS) to assess mental 
effort and perceived stress. In police research, VAS for mental effort and perceived stress (originally 
anxiety) have been frequently used to quantify self-perceived psychophysiological experiences 
during training and complex police tasks (e.g., Giessing et al., 2019; Nieuwenhuys et al., 2009; 
R. Oudejans, 2008; Wilson et al., 2007).

2.4.2.1 Mental effort. Subjective ratings of mental effort were obtained using the VAS ‘Rating 
Scale for Mental Effort’ (RSME; Zijlstra, 1993) at the end of the RL and VR SBT (once after all VR 
scenarios were completed). The RSME was assessed on a VAS from 1 to 150. According to Zijlstra 
(1993), the RSME has adequate test-retest reliability with correlation coefficients between 0.78 in 
work settings and 0.88 in laboratory settings.

2.4.2.2 Perceived stress. Subjective ratings of perceived stress were obtained using the VAS for 
anxiety (adjusted to ‘stress’ instead of anxiety; Houtman & Bakker, 1989) at the end of the RL SBT 
and VR SBT (after all VR scenarios were completed). Perceived stress refers to the participants’ 
subjective experience of stress during the training scenarios. The stress scale was assessed on a VAS 
from 1 to 100. The original anxiety scale has a fair validity and test-retest reliability with correlation 
coefficients ranging between 0.60 and 0.78 (Houtman & Bakker, 1989).

2.4.3 Experiences in VR
2.4.3.1 Sense of presence. The experiences in the virtual environment were assessed using the ITC- 
Sense of Presence Inventory (ITC-SOPI; Lessiter et al., 2001). Each item of the inventory is rated on 
a Likert-scale from 1 ‘strongly disagree’ to 5 ‘strongly agree’. The ITC-SOPI results in four factors. 
Spatial presence refers to the sense of being part of the virtual environment. Engagement refers to 
the feeling of involvement with the content and feeling psychologically engaged. Ecological validity 
or naturalness refers to the tendency of perceiving the virtual environment as life-like and natural. 
Negative effects refer to the experience of any adverse physiological experiences such as dizziness or 
headaches (Lessiter et al., 2001).

According to Lessiter et al. (2001), the ITC-SOPI has good internal consistency. The Cronbach 
alpha coefficient for spatial presence was .94, for engagement .89, for ecological validity .76, and for 
negative effect .77. In the current study, the Cronbach alpha coefficient for the factor spatial 
presence was .89, for the factor engagement .80, for the factor ecological validity .74, and for the 
factor negative effect .83.

In addition to assessing sense of presence factors, the ITC-SOPI contains a section in which the 
participant’s background information is obtained. Specifically, participant characteristics such as 
age, level of computer experience, gaming frequency, prior experience with VR, and knowledge 
about VR.

2.5 Statistical analysis

To investigate whether VR and RL SBT elicit differences in training responses in police officers, we 
conducted five paired-samples t-tests using each of the training response variables (average HR, 
maximum HR, average activity, invested mental effort, perceived stress). To further examine 
whether the psychological training responses in VR were influenced by factors that are hypothe
sized to impact the VR experience (e.g., age, technology experience, cybersickness in VR as obtained 
with the ITC-SOPI), we performed two separate hierarchical multiple linear regression analyses for 
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invested mental effort in VR and perceived stress in VR. For each of the models, the predictor 
variables were entered in two pre-determined steps. First, we entered participants characteristics 
consisting of age, VR knowledge, gaming frequency, and prior VR experience. Second, we entered 
the VR sense of presence factors from the ITC-SOPI consisting of spatial presence, engagement, 
ecological validity, and negative effects. Entering the predictors in two separate steps allowed us to 
investigate the change in explained variance for each block of predictors and evaluate the relative 
importance of each predictor with each step. For each model, we conducted residual analyses to 
ensure no violations of assumptions. To check for multicollinearity, we used correlation coefficients 
above 0.7 among independent variables, Variance Inflation Factor (VIF) above 10, and Tolerance 
values of less than .10 as indicators for multicollinearity (Miles, 2005). To detect multivariate 
outliers, we used visual inspection of the scatterplot of the standardized residuals (cut-off for 
outliers>3.3 or < −3.3), Mahalanobis Distance (critical value of Chi-Square for eight predictor 
variables = 26.13 at p = .001) and Cook’s Distance (critical value>1; Tabachnick & Fidell, 2018). 
P-values of<0.05 were considered statistically significant. Cohen’s d was calculated as an estimate 
for effect size. A value of d = 0.2 indicated a small effect size, a value of d = 0.5 indicated a medium 
effect size and a value of d = 0.8 indicated a large effect size (Cohen, 1988). All statistical analyses 
were performed using IBM SPSS, version 27.

3 Results

3.1 Differences in training responses between RL SBT and VR SBT

Paired-samples t-tests were conducted to investigate differences in training responses between VR 
SBT and RL SBT. No statistically significant difference was found in average HR (bpm). Maximum 
HR (bpm) was significantly higher in RL (M = 136.96, SD = 16.82) than in VR (M = 126.28, SD =  
16.23), t(53) = −4.2, p < .001, d = 0.65. Average level of physical activity (VMU) was significantly 
higher in RL (M = 0.08, SD = 0.02) than in VR (M = 0.06, SD = 0.01), t(53) = −5.71, p < .001, d =  
1.20. Invested mental effort (RSME) was significantly higher in VR (M = 52.64, SD = 25.57) than in 
RL (M = 46.11, SD = 21.17), t(113) = 2.68, p = .008, d = 0.28. No statistically significant difference 
was found in perceived stress. Detailed statistics of the paired-samples t-tests can be found in 
Table 1.

3.2 Variance in mental effort in VR explained by participant characteristics and VR 
experience factors

Hierarchical multiple regression was used to assess whether sense of presence indicators in VR 
(spatial presence, engagement, and negative effects) predicted mental effort (VAS RSME) in VR 
after controlling for the influence of participant characteristics (age, VR knowledge, gaming 

Table 1. Paired-samples t-test results.

VR SBT RL SBT 95% CI

n M SD n M SD
Mean 

Difference Lower Upper df t p
Cohen’s 

d

Average HR 54 90.91 12.84 54 88.63 13.22 2.28 −0.92 5.49 53 1.43 .159 0.18
Maximum HR 54 126.28 16.23 54 136.96 16.82 −10.69 −15.78 −5.58 53 −4.2 <.001 0.65
Average 

Activity
54 0.06 0.01 54 0.08 0.02 −0.02 −0.03 −0.01 53 −5.71 <.001 1.20

Mental Effort 114 52.64 25.57 114 46.11 21.17 6.53 1.71 11.34 113 2.68 .008 0.28
Perceived 

Stress
114 36.10 20.37 114 38.98 19.90 −2.89 −7.11 1.34 113 −1.35 .179 0.14

Average and maximum HR in bpm. Average (physical) activity in VMUs. Mental effort (RSME) on a visual analogue scale from 1 to 
150. Perceived stress on a visual analogue scale from 1 to 100.
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frequency, prior VR experience). Preliminary analyses were conducted to ensure no violation of the 
assumptions of normality, linearity, multicollinearity, and homoscedasticity. Due to high correla
tion coefficients amongst the predictor variables spatial presence and ecological validity (.80) 
indicating violations of the assumptions of multicollinearity, we omitted ecological validity from 
the model (resulting in a higher adjusted R squared compared to a model retaining ecological 
validity as a predictor). Age, VR knowledge, gaming frequency, prior VR experience were entered at 
Step 1, explaining 10% of the variance in mental effort. After entry of VR spatial presence, VR 
engagement, and VR negative effects at Step 2 the total variance explained by the model as a whole 
was 31%, F (7, 126) = 8.21, p < .001. The sense of presence indicators explained an additional 21% of 
the variance in mental effort after controlling for participant characteristics, R squared change =.21, 
F change (3, 126) = 12.92, p < .001. In the final model, only one participant characteristic variable 
was statistically significant, with gaming frequency recording a semipartial correlation value of −.25 
(p < .001), indicating that trainees with a high gaming frequency exerted less mental effort in VR. 
Two of the sense of presence indicators in VR were statistically significant, with engagement 
recording the highest semipartial correlation value (sr = .37, p < .001), closely followed by VR 
negative effects (sr = .28, p < .001). Therefore, only gaming frequency, VR engagement, and VR 
negative effects have unique contributions to the invested mental effort (RSME) after statistically 
removing the overlapping effects of all other variables. Table 2 provides an overview of all predictor 
variables and the two steps of the hierarchical multiple regression model predicting mental effort in 
VR. Descriptive statistics and correlation coefficients can be found in the Appendix in Tables A2 
and A3, respectively.

3.3 Variance in perceived stress in VR explained by participant characteristics and VR 
experience factors

Hierarchical multiple regression was used to assess whether sense of presence indicators in VR 
(spatial presence, engagement, and negative effects) predicted perceived stress in VR after control
ling for the influence of participant characteristics (age, VR knowledge, gaming frequency, prior VR 
experience). Preliminary analyses were conducted to ensure no violation of the assumptions of 
normality, linearity, multicollinearity, and homoscedasticity. When checking for multicollinearity, 
we observed high correlation coefficients amongst the predictor variables spatial presence, engage
ment, and ecological validity (>.70, see Table A5 in Appendix) indicating possible violations of the 
assumptions of multicollinearity. While VIF and Tolerance values were well below critical thresh
old, we rebuilt two iterative models omitting ecological validity in the first and engagement in 

Table 2. Hierarchical multiple regression analysis summary predicting mental effort in VR with age, VR knowledge, gaming 
frequency, prior VR experience, VR spatial presence, VR engagement, and VR negative effects.

Step and predictor variable B SE B Beta sr Change in R2 R2 Adjusted R2

Step 1 .10* .10 .07
Constant 76.48 13.68
Age −0.57 0.27 −.18* −.17
VR Knowledge 5.44 2.79 .18 .16
Gaming Frequency −6.90 2.03 −.31** −.28
Prior VR Experience 1.01 4.64 .02 .02
Step 2 .21** .31 .28
Constant −18.90 21.80
Age −0.46 0.24 −.14 −.14
VR Knowledge 3.12 2.53 .11 .09
Gaming Frequency −6.26 1.82 −.28** −.25
Prior VR Experience 0.27 4.12 .01 .00
VR Spatial Presence −11.80 6.01 −.23 −.14
VR Engagement 30.71 6.14 .61** .37
VR Negative Effects 8.31 2.19 .30** .28

sr = semipartial correlation coefficient. * p < .05. ** p < .001.
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the second model. Both models yielded a lower adjusted R2 (.163 and .172, respectively) than the 
initial model that contained all sense of presence indicators as predictors (.174); thus, we retained 
the initial model with all four sense of presence indicators. During the check for multivariate 
outliers, we have identified two cases that exceeded the maximum Mahalanobis distance value (cut- 
off value of 26.13 for eight predictors, see Tabachnick & Fidell, 2018, Table C.4) and omitted the two 
cases from further analysis. Age, VR knowledge, gaming frequency, prior VR experience were 
entered at Step 1, explaining 3% of the variance in perceived stress (p = .460). After entry of VR 
spatial presence, VR engagement, and VR negative effects at Step 2 the total variance explained by 
the model as a whole was 23%, F (8, 123) = 4.45, p < .001. The sense of presence indicators explained 
an additional 20% of the variance in perceived stress after controlling for participant characteristics, 
R squared change =.20, F change (4, 123) = 7.80, p < .001. In the final model, none of the participant 
characteristic variables were statistically significant. However, two of the sense of presence indica
tors in VR were statistically significant, with engagement recording a slightly higher semipartial 
correlation value (sr = .224, p = .006) than VR negative effects (sr = .218, p = .007). Therefore, only 
VR engagement and VR negative effects have unique contributions to the perceived stress in VR 
after statistically removing the overlapping effects of all other variables. Table 3 provides an 
overview of all predictor variables and the two steps of the hierarchical multiple regression model 
predicting perceived stress in VR. Descriptive statistics and correlation coefficients can be found in 
the Appendix in Tables A4 and A5, respectively.

4 Discussion

In the present study, we compared the training responses police officers experienced during RL SBT 
and VR SBT. Because police officers engage in physically and psychologically demanding tasks in 
the field, this should also be reflected and implemented in police training (Andersen et al., 2016; 
DiNota & Huhta, 2019). Thus, we operationalized physical (i.e., average and maximum HR, activity 
level) and psychological (i.e., mental effort, perceived stress) responses to capture and compare the 
training responses of police officers to RL SBT and VR SBT. We further investigated what other 
factors (i.e., participant characteristics, sense of presence in VR) influence psychological responses 
of police officers to VR SBT.

We found that police officers had higher maximum HRs and higher levels of activity in RL SBT 
compared to VR SBT. These may, at least partly, be explained by the training instructions, the first- 
time experience with VR of most officers, and the inherent characteristics of VR systems such as 

Table 3. Hierarchical multiple regression analysis summary predicting perceived stress in VR with age, VR knowledge, gaming 
frequency, prior VR experience, VR spatial presence, VR engagement, and VR negative effects.

Step and predictor variable B SE B Beta sr Change in R2 R2 Adjusted R2

Step 1 .03 .03 .00
Constant 25.26 11.78
Age .13 .23 .05 .05
VR Knowledge 4.13 2.43 .17 .15
Gaming Frequency −1.27 1.78 −.07 −.06
Prior VR Experience .74 4.00 .02 .02
Step 2 .20** .23 .17
Constant −60.99 19.73
Age .28 .21 .11 .10
VR Knowledge 2.62 2.26 .11 .09
Gaming Frequency −1.28 1.64 −.07 −.06
Prior VR Experience −.24 3.64 −.01 −.01
VR Spatial Presence −7.65 6.35 −.17 −.10
VR Engagement 16.12 5.72 .38* .22
VR Ecological Validity 10.09 5.55 .25 .14
VR Negative Effects 5.31 1.94 .23* .22

sr = semipartial correlation coefficient. * p < .05. ** p < .001.
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bulky equipment leading to movement constraints (Giessing, 2021). During VR SBT, trainees were 
asked not to run with the VR equipment to ensure safety. Comparatively, in the RL SBT, 
participants had to promptly perceive the severity of the situation (i.e., being under attack) and 
quickly put on their protection gear (running to put on heavy protection plate, helmet, etc.) leading 
to significantly higher peak levels of activity and maximum HRs. Additionally, first-time VR 
exposure can induce initial postural instability (da Silva Marinho et al., 2022), thus forcing further 
inhibition of fast or vigorous movement in VR that is not present in RL.

Further, we found that average HRs did not differ between the two training modalities. In our 
study, police officers experienced similar average levels of cardiovascular responses to VR and RL 
SBT. This suggests that, in their current state of application, VR and RL are both capable of 
producing training situations that induce physiological responses to external stressors. However, 
compared to the literature reporting HR in police training (e.g., Armstrong et al., 2014; 
R. R. Oudejans & Pijpers, 2009), the average HRs elicited in our study were fairly low (on average 
91 bpm in VR and 89 bpm in RL). This may be explained by the overall training objective of training 
officers in protecting a building and spotting suspicious behavior rather than placing them in 
physically demanding situations. This training objective led to training scenarios comprised of 
largely stationary tasks (i.e., officers positioning themselves to protect a building and look for 
threats, with occasional patrolling, and encountering attackers) which is also reflected in the low 
levels of activity during both RL and VR and recorded VMUs that are well below values that would 
indicate a continuous walking equivalent activity (OmniSense Analysis Help, 2016). Note that 
largely stationary tasks are not uncommon in police work (see Famega, 2005), which is why 
stationary task components were implemented in the scenarios of this study.

Overall, the differences in physical responses to the training modalities seem to be dependent on 
the training objective and thus tasks within the training scenarios, as well as the inherent char
acteristics of VR systems and the safety requirements that trainees should adhere to when wearing 
the VR equipment. Therefore, when aiming to train scenarios that require high levels of physical 
activity (i.e., running), it appears most appropriate to train these tasks using RL SBT.

Regarding psychological responses elicited by RL SBT and VR SBT, we found that police officers 
experienced similar levels of perceived stress during RL SBT and VR SBT. Akin to the average HRs 
found in our study, the recorded levels of perceived stress are relatively low compared to studies that 
looked at perceived anxiety or stress of police officers during low- and high-stress training 
conditions (e.g., Giessing et al., 2019; R. Oudejans, 2008; Wilson et al., 2007). Nonetheless, we 
found that police officers perceived VR SBT to be as stressful as RL SBT, closely aligning with 
existing literature showing that training in VR can elicit significantly elevated psychological and 
physiological stress responses (van Dammen et al., 2022). These findings suggest that while VR SBT 
may not be appropriate for training objectives that require high levels of physical activity, VR SBT is 
suited for the training of mentally demanding tasks that put additional strain on the officer by 
providing ecologically valid training environments.

Since participants in our study experienced similar levels of perceived stress during VR SBT and 
RL SBT, we would expect that participants invest similar amounts of mental effort during both 
training modalities. Because high levels of (perceived) stress can negatively influence the perfor
mance of police officers, a compensatory strategy to negate the influence of stress is the investment 
of extra mental effort (see attentional control theory, Eysenck et al., 2007). Thus, similar levels of 
perceived stress would require similar levels of mental effort to negate the stress responses. In 
contrast, we found that participants invested more mental effort during VR SBT compared to RL 
SBT. A possible explanation for this finding may be that VR SBT places more extraneous cognitive 
load on trainees than RL SBT does (Mugford et al., 2013). In accordance with the cognitive load 
theory (CLT; Van Merrienboer & Sweller, 2005), extraneous cognitive load refers to the demands 
a trainee experiences that are not relevant for and potentially harmful to learning (Clark et al., 2011; 
Paas et al., 2003). During VR SBT, it may be that participants experience additional extraneous 
cognitive load and had to invest more mental effort to get used to the newness of the virtual 
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environment, VR equipment, and VR as a training tool. To test this reasoning, we further 
investigated whether factors such as participants’ level of prior use of technology and VR experi
ences affect invested mental effort in VR.

Indeed, we found that invested mental effort in VR SBT was related to participant characteristics 
that are suggestive of technological affinity. This relation between participants characteristics such 
as age, VR knowledge, gaming frequency, or previous VR experience was only found for mental 
effort and not for perceived stress. We therefore (precautiously) infer that during VR SBT mental 
effort is invested as a strategy to process information of the virtual environment, rather than for 
stress mitigation alone, and that experience with VR and gaming makes navigating the VR 
environment mentally less demanding. This notion is in line with existing research (Rosa et al.,  
2016), indicating that trainees with a high gaming frequency need to invest little mental effort to get 
used to and engage with the virtual environment. Similarly, people with more gaming experience 
have been shown to recover from cybersickness better than people with little gaming experience (da 
Silva Marinho et al., 2022). Thus, police trainers have to be aware that trainees with differing 
characteristics (e.g., trainees with much gaming experience vs. trainees with little gaming experi
ence) may have different psychological experiences in the VR SBT.

Next to participant characteristics that influence the psychological responses of trainees during 
VR SBT, the momentary experiences of the virtual environment during the training also appears to 
play a vital role in the psychological responses that officers experience during VR SBT. Investigating 
VR experience-specific factors like those measured by the ITC-SOPI (i.e., spatial presence, engage
ment, ecological validity, and negative effects) provides insights into the trainees’ experience with 
VR as a training tool and whether the experience with the training tool itself influences the 
psychological responses of trainees. Of the predictor variables measured in this study, we found 
that the VR experience variables explained the greatest single proportion of variance in perceived 
stress and mental effort (20% and 21%, respectively). When police officers experienced more 
engagement with the virtual environment and more negative effects, they perceived higher levels 
of stress and invested more mental effort. The relation between experiencing negative effects in VR 
and the psychological responses provoked by VR indicates that, in order for VR SBT to elicit similar 
psychological responses to RL SBT, the experience of negative effects in VR should be reduced as 
much as possible. To this end, any available technical, content, and human-factor solutions should 
be considered to minimize the risk of cybersickness and other adverse effects (e.g., Chang et al.,  
2020). Similarly, the relation between engagement and psychological responses to VR suggests that 
VR SBT requires sufficient levels of engagement with the virtual environment and content. To 
increase engagement, findings of Pengnate et al. (2020) showed that VR environments that have an 
interactive, narrative design result in higher engagement compared to VR that did not have 
a narrative-based environment (for practical recommendations on how to design a VR scenario 
that promotes engagement, see section 5. ‘Concluding remarks’).

4.1 Limitations and future directions

Although the study aimed to investigate VR and RL SBT in an operational field-training environ
ment to obtain ecologically valid results, the design and application have limitations. First, the 
current study aimed to investigate differences in the training modalities of VR and RL SBT as they 
are currently used in police practice. To take advantage of the inherent differences in the training 
modalities, a direct comparison between the two training modalities and inferences about their 
effectiveness compared to each other was not possible as the training set-ups differed in scenario 
repetition, task, context, duration, and number and intensity of confrontations in the scenarios. 
Additionally, modality-specific instructions such as the safety instruction to avoid running during 
VR SBT provided differences in training delivery of the modalities. While the scenarios in VR SBT 
and RL SBT were based on pre-written scenario-scripts, the developments of the scenarios were 
based on the actions of the trainees leading to differences in scenario execution and timing of events 
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even within training groups. Thus, if the goal is to achieve a one-to-one comparison of the training 
modalities in terms of their effectiveness in producing a certain training response (and other 
measures of interest), future studies may want to standardize the training set-ups as much as 
possible. In this study, however, we wanted to gain initial insights into (i) the application of the 
modalities (taking into account that the two types of training are inherently different), (ii) show that 
VR can elicit training responses that are similar to those elicited in RL SBT, and (iii) derive 
implications of how and where VR and RL SBT can supplement each other based on the assessed 
measures (see section 5, ‘Concluding remarks’).

Second, due to the strict training schedule, we were not able to obtain HR baseline measures. 
Thus, in this experiment, we did not compare the elicited HRs to the basal levels of the participants 
and therefore could not examine how responses in VR and RL SBT were similar to either basal levels 
or the heightened responses in-situ. Due to the difference in scenario length and development 
between RL SBT and VR SBT, the averaging of HR over the length of the scenario may also limit the 
concrete comparability of the obtained values. However, using a within-subject design, we were able 
to make general inferences regarding the differences in HR responses from VR SBT to RL SBT; 
particularly, as VR SBT and RL SBT took place on the same day and were counterbalanced in 
sequence to avoid the influence of an order effect. Nonetheless, research in the field of police 
training has demonstrated that RL SBT is able to elicit HRs up to 150 bpm (e.g., Baldwin et al.,  
2021). It is yet to be shown whether VR SBT is able to elicit comparable HR levels in order to 
facilitate training objectives that require extreme physiological stress reactivity experienced on-duty 
and during RL SBT. Future work on VR SBT in police should obtain valid and reliable baseline 
measures and consider assessing additional measures such as heart rate variability as an objective 
method of quantifying acute operational stress (Corrigan et al., 2021). In addition, future studies 
should, next to physical and psychological training responses, investigate behavioral responses to 
VR SBT. Behavioral responses may provide valuable insights into the action possibilities of police 
officers in VR and therefore inform police agencies for which training areas and tasks VR is suitable.

5 Concluding remarks

VR SBT is becoming an increasingly popular topic for police agencies. In this paper, we have taken 
the first steps to explore how VR SBT compares and fits into existing training practices. To this end, 
our results revealed that VR SBT is capable of eliciting similar training responses in police officers as 
RL SBT does, providing initial considerations for the implementation of VR SBT to complement 
current RL SBT practices. For instance, when a training objective requires officers to exert high levels 
of physical activity (such as chasing, apprehending, and arresting a suspect), these objectives should 
be trained using RL SBT as it allows for more flexibility in movement and physical interaction with 
a role-player. To complement such training, VR can be used to broaden the scope of the objective. 
For example, while chasing and apprehending a suspect are important skills, police officers also have 
to be able to spot suspects and suspicious behavior in novel and disorganized environments. For tasks 
like these, VR offers valuable training opportunities (see, for instance, Harris et al., 2021 for use of VR 
in police room searching procedures). It allows for the adjustment and variation of virtual environ
ments and the use of multiple NPCs (including groups usually not easily integrated in training such 
as children) and role-players that can take on various avatars making them less identifiable as 
suspects (as is oftentimes a problem with RL SBT due to the protective equipment worn by suspect 
role-players). Based on our findings, VR SBT may even be tailored to specific trainee characteristics 
to be more effective. For instance, trainees with technology affinity can start VR SBT rather quickly 
whereas first-time users with little technology experience may need additional VR tutorials and more 
training time to get used to VR. To ensure that VR SBT elicits psychological responses that are 
similar to RL SBT, factors such as the occurrence of negative effects and the engagement in VR 
should be considered and addressed beforehand. For instance, to minimize the risk of cybersickness 
in VR, particularly for first-time users, the structure of the VR SBT should be adjusted so that the 
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initial exposure duration is brief and becomes gradually and incrementally longer to aid adaptation to 
VR (da Silva Marinho et al., 2022). Additionally, in setting up a VR training, instructors should 
ensure sufficient break time (for instance, for performance feedback) before re-immersion into the 
next VR scenario. To increase engagement with and sense of presence in VR, the training scenarios 
should take place in an interactive narrative-based virtual environment (Pengnate et al., 2020). For 
example, when designing training scenarios for VR, police trainers should, just as for RL SBT, 
develop scenario scripts that specify the task the trainees should perform, include realistic sounds
capes (e.g., police car sirens), and interactive features such as role-players and NPCs.

Further systematic investigation of how the practical recommendations provided in this section 
impact physical, psychological, and behavioral training responses is critical for the effective implemen
tation of VR SBT in police training practices. Investigating and validating how practical recommenda
tions such as the structure, delivery, and scenario design of VR SBT influence training responses (e.g., 
HR, physical activity, perceived stress, mental effort, behavior) and the VR experience (i.e., sense of 
presence, occurrence of cybersickness) provides police agencies with clear guidelines on how they can 
effectively implement and apply VR SBT into current training curricula. Taken together, we foresee that 
with continuous technological developments and further systematic investigation, VR SBT will play an 
important role in enhancing current police training practices.
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Appendix

Figure A1. Venn diagram displaying number of participants completing various measures.

Table A1. Descriptive statistics for sub-samples of the primary measures in the study.

Sex Age Experience

Sub-Sample Male Female Other Min Max Mean SD Min Max Mean SD

Physical Measures 51 3 . 25 55 39.22 7.29 6 28 15.47 5.89
Psychological Measures 110 4 . 25 62 39.74 7.74 3 42 16.24 7.08
VR Experience Measures 201 7 2 25 59 39.11 7.77 3 40 15.00 6.66
Total 227 8 2 25 62 39.39 7.82 3 42 15.16 6.78

Table A2. Descriptive statistics for hierarchical multiple regression model pre
dicting perceived exertion of mental effort in VR.

Mean Std. Deviation N

VAS Mental Effort 50.81 24.62 156
Age 39.38 7.79 238
VR Knowledge 1.95 .83 210
Gaming Frequency 2.12 1.12 210
Prior VR Experience .62 .49 210
Spatial Presence 3.57 .48 209
Engagement 3.67 .49 209
Negative Effects 2.93 .88 209
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Table A3. Pearson correlation coefficients for hierarchical multiple regression model predicting perceived exertion of mental 
effort in VR.

1 2 3 4 5 6 7 8

1. Mental Effort - - - - - - - -
2. Age −.116 - - - - - - -
3. VR Knowledge .066 .005 - - - - - -
4. Gaming Frequency −.218* −.197* .350** - - - - -
5. Prior VR Experience .029 .003 −.387** −.258** - - - -
6. Spatial Presence .226* −.105 .096 −.008 .062 - - -
7. Engagement .364** −.106 .204* .087 −.007 .767** - -
8. Ecological Validity .255* −.157* .040 .018 .080 .801** .718** -
9. Negative Effects .195* .041 −.131* −.180* .032 −.127* −.266** −.140*

* p < .05. ** p < .001.

Table A4. Descriptive statistics for hierarchical multiple regression model pre
dicting perceived stress in VR.

Mean Std. Deviation N

VAS Stress 36.26 20.28 154
Age 39.40 7.82 236
VR Knowledge 1.94 .83 208
Gaming Frequency 2.10 1.10 208
Prior VR Experience .63 .48 208
Spatial Presence 3.58 .46 207
Engagement 3.67 .48 207
Ecological Validity 3.64 .50 207
Negative Effects 2.93 .88 207

Table A5. Pearson correlation coefficients for hierarchical multiple regression model predicting perceived stress in VR.

1 2 3 4 5 6 7 8

1. VAS Stress - - - - - - - -
2. Age .067 - - - - - - -
3. VR Knowledge .139 .013 - - - - - -
4. Gaming Frequency −.025 −.200* .342** - - - - -
5. Prior VR Experience −.030 .001 −.380** −.239** - - - -
6. Spatial Presence .275* −.110 .122* .056 .030 - - -
7. Engagement .368** −.105 .214* .131* −.026 .759** - -
8. Ecological Validity .333** −.176* .090 .112 .034 .785** .724** -
9. Negative Effects .111 .042 −.132* −.177* .029 −.143* −.279** −.165*

* p < .05. ** p < .001.
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