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ABSTRACT
Virtual Reality (VR) training simulations are an idea which is being
explored in numerous industries and professions. However,
evidence purporting to the effectiveness of VR technology in
relation to standard real-world exercises is still relatively thin. In
this paper, we discuss our approach for validating the effectiveness
of a VR training for law enforcement professionals in the context
of the AUGGMED project, and present results of the validation
study. Our study indicates that realistic VR-based trainings, either
by themselves or in combination with the traditional hands-on
training, can be as effective as highly resource-intensive practical
training sessions.
Keywords: Virtual Reality, Training, Evaluation, Police.
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INTRODUCTION

Trainings for Law Enforcement Agencies (LEAs) and first
responders are often expensive to run and require significant
resources to plan and manage [1]. Also, often these scenarios are
‘one-shot’, i.e. once the scenario started, it must be completed or
stopped altogether. For repeatable scenarios this can result in a lack
of standardisation across different groups of trainees and thus
reliable training outcomes. Virtual reality (VR) trainings can
provide a solution which reduces resource requirements,
geographic limitations and continuous investments for both small
and large-scale exercises.
However, trainings utilising these new technologies are often
untrusted and require further study to identify and understand their
key benefits. This is especially important in areas, where
inadequate training may lead to danger to or even loss of life, like
in medical or safety and security professions. Evaluations are thus
crucial to understand their benefits and boundary conditions.
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RELEVANT WORK

Training simulations of high-reliability tasks have been utilised by
industries worldwide to help learners gain knowledge and
experience before actively engaging within a role. Most of these
industries have relied on paper, classroom or real-world training
exercises to achieve this. Some, such as the aviation or medical
industries, have gone beyond this approach and started to utilise
computing technologies like VR to enhance existing training
regimes. This surge of technology-enabled learning has begun to
propagate across the global spectrum of industries creating new and
novel methods for training individuals and groups.
A range of studies suggest that serious games (SGs), by
introducing gaming elements and gaming mechanics that are
commonly employed in commercial entertainment games into
simulations to engage professional learners using the same
techniques, are capable of providing enhanced learning experiences
when compared to other modes of teaching [2], [3]. Players are
encouraged to learn by trying different strategies, succeeding and
failing as they would in an entertainment game. This allows players
to learn which strategies are more successful and thus develop their
skills [4], [5]. In addition, SGs allow for learning and training in
settings that would be impossible, impractical or unsafe to recreate
in the real world [6], [7].
Previous studies have shown the benefits of VR as a training
medium in existing industries and practices. Alfalah et al. (2017)
identified VR’s capability of enhancing trainee satisfaction rates
versus traditional teaching methods, creating a more efficient and
dynamic form of learning [8]. Work carried out by Seymour et al.
(2002) explored the benefits of virtual reality for surgical training
and found that users made fewer errors throughout a simulated
surgery, in some cases by a significant margin [9]. These studies
suggest that professional trainings can be fruitfully enhanced by
VR. Few studies have, however, directly compared the differences
in learners’ performance with traditional trainings, and where this
has happened they have mostly focused on student samples or
tested VR against low-fidelity alternatives such as written manuals
or safety cards [10], [11], [12]. Our study aimed to investigate the
effectiveness of virtual reality trainings compared to traditional
training methods in a professional setting, where the traditional
training consists of intensive practical, hands-on exercises. We
further included ‘mixed’ training settings to investigate potential
cross-over and sequence effects of training methods. Our study

indicates that for the acquisition of relevant knowledge VR-based
trainings, either by themselves or in combination with the
traditional hands-on training, are as effective as the traditional,
highly resource-intensive practical training sessions.
3

METHOD

The aim of this study was to examine whether VR training can be
as effective as a full-scale live training exercise to train LEAs (Law
Enforcement Agencies) and first responders. To do this, a two day
training event was organised in collaboration with a large UK
police force. Subjects were required to participate in two suspicious
package training exercises either in VR or through a traditional live
training exercise or a combination of both. The learning outcomes
achieved in both environments could then be analysed to determine
the efficacy of VR versus the traditional practice-based training
method.
3.1 SETTING
The validation study was conducted in a large police training
facility in the UK, which contains full-scale models of multiple
buildings, including interiors, along with replicas of larger public
spaces such a seating area of a sports stadium. As an existing
operational training environment this location was selected as the
most appropriate setting for the study, allowing the trainees to
operate within their natural environment for both the standard and
virtual reality exercises.
The study was underpinned by standard police training practices
with a number of police force resources integrated within the
study’s training simulations. Specifically, VR and real world
trainees had access to the resources and facilities available to them
in the field including radio communication with team of trained
radio operators, briefings, and debriefs.
During the study participants were observed and assessed whilst
carrying out a suspicious package scenario within two locations. A
location could be either within the public order training arena or
within a virtual training environment. Four locations were defined
for the study, the first two consisted of a pub and stadium,
respectively, within the facility, while the second set consisted of a
virtual underground station and a municipal airport in virtual
reality.
3.2 PARTICIPANTS AND PROCEDURE
The sample consisted of 80 police officers of mixed ability and
experience from a large UK Police Force. Of the total sample 39%
were female and 61% male; the average age was 28.3 years (sd =
6.9 years). Tenure in the police force varied considerably from 1

most participants were younger officers. The participants were
randomly assigned into pairs, then divided into four groups, each
pre-selected to train within a specified set of real or virtual
environments (cp. Table 1). Group 1 performed two live training
exercises within the arena at two different locations, one inside a
pub and another within a football stadium. This group served as the
control group, providing a baseline with the police force’s standard
training practice. Group 2 completed two virtual reality exercises,
one inside an underground train station and another inside a
municipal airport. Additionally, another two groups were created
to analyse whether combined learning methods were preferential,
and whether the order in which training was administered may have
an effect on learning outcomes. Group 3 was prescribed an initial
live training exercise within either the pub or stadium, then a
second VR exercise within the underground station. Group 4
started with an initial VR exercise within the underground station,
followed by the real world exercise within either the pub or
stadium. Table 1 displays the training exercises for the four groups.
Table 1 - Training assignment of groups

Exercise 1

Exercise 2

Group 1

Live

Live

Group 2

VR

VR

Group 3

Live

VR

Group 4

VR

Live

Figure 2 gives an overview of the sequence of events that each
trainee participated in. Prior to arrival, participants were required
to complete an e-learning module on the subject, ensuring that each
participant had the baseline knowledge of the police protocol
required to complete the training exercise.
To assess the efficacy of the training, participants were then
asked to complete a knowledge check consisting of 20 multiple
choice questions. These were administered:
1. Pre-training - to assess baseline knowledge; and

Figure 1 - Training procedure

month to 28.75 years, with an average of 1.6 years, indicating that

2.

Post-training - to form a comparison between these
results and the pre-training results and investigate
how the different training methods impact the
participants learning outcomes.
All training participants using virtual reality were given a
standardised training session to familiarise themselves with all
aspects of virtual reality. To ensure that they were able to focus on
their learning objectives, a script was followed for this training
session in order to ensure that all participants received the same
instructions and to avoid any related confounds.
Each group was assigned their own assessor, with the assessor
adopting the role of an employee in the scenario. They could
disseminate additional information to the participants, if they were
asked. This information was provided on an information sheet. If
the information was not available, assessors would reply with “I’m
not sure about that.” The assessor was also responsible for
providing a debrief to their group after training to ensure that any
mistakes that were made during the training were identified and
rectified.

end-users to the virtual reality training pipeline whilst refining the
simulation software to meet their training needs. This continuous
co-development method enabled the consortium to not only align
the AUGGMED platform with evolving end user requirements, but
also define a validation method which would identify if, and how,
virtual reality training platforms can compare to standard training
exercises.
4

To understand whether the training overall was successful in
improving the knowledge of participants, we ran Related Samples
Wilcoxon Signed Rank Tests, comparing test scores of the pre- and
post-test separately for each group. The results indicate that
performance increased performance significantly within all
training groups (Wlive only=3.18, p<.01; WVR only=3.45, p<.01; Wlive
> VR =2.73, p<.01; WVR > live=2.55, p<.05). Comparing training
methods, we further found that the knowledge scores after the
training did not differ significantly across groups (Kruskal-Wallis
test H=2.99, p=.39). This suggests that knowledge gains were
comparable across all trainings methods.1 Our mixed design further
allowed us to compare 'pure' versus 'mixed' training settings, again
leading to comparable results (Kruskal-Wallis test H=1.02, p=.31).
5

Figure 2- VR Training with AUGGMED

The VR training platform used for this study was AUGGMED,
a serious game used to train LEA’s and first responders (cp. Figure
2). AUGGMED was created as part of a European Union (EU)
Horizon 2020 project. The project was carried out over the course
of three years (June 2015 - May 2018) and the consortium consisted
of 14 partners from industry, academia, and the public sector.
Throughout the project, three live pilots were held, introducing

1

To ensure that training groups had the same level of original knowledge
before the training sessions, we ran a Kruskal-Wallis test comparing pretraining scores. This test was insignificant with H=4.17, p=.24.

RESULTS

DISCUSSION

The observation that the training methods did not differ in their
effectiveness, is in fact a positive result for AUGGMED. The
comparable performance of participants training with virtual reality
and those receiving traditional live exercises demonstrates that VRbased training can be as effective as a live training exercise, while
encompassing all the benefits that come with virtual reality
training, such as ease of access and cost effectivity.
Some limitations need to be noted. While the setup of the
evaluation exercise follows best-practice advice on training
evaluations, the overall sample size was not extensive enough to
confidently test for moderating variables such as age, gender,
length of service in the police force or previous experience with
virtual reality. Further, long-term effects should be considered, as
it is possible that life-like trainings may lead to longer retention of
knowledge, especially when it comes to behavioural aspects (i.e.,
procedural knowledge [13]). In practical terms, we found that
validating VR practitioner trainings can be challenging and must
be meticulously planned to be as efficient as possible and avoid
wasting practitioners' time. This validation study was carried out
over two days, allowing very little room for error. It is further vital
to ensure that the training taking place in virtual reality is as close
to the real world training as possible in order to allow for direct
comparison.
6 CONCLUSION
Results from this study suggest no significant differences when
directly comparing the learning outcomes achieved through the
different training methods. This is a positive result for the future

uptake of VR as a training platform, as the study shows that VR can
be as effective as real world training, yet often offers a more cost
effective, practical solution. Our study provides a convincing setup
to assess the effectiveness of virtual reality compared to traditional
forms of training, allowing a comprehensive investigation into the
effect not only of 'pure' training forms, but also of mixed
approaches. Our analysis further expands the scant body of
empirical research into the viability of virtual reality trainings in
professional security settings.
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