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Abstract

Driving simulators are a common tool for researching and practicing driver behaviors. Despite this, research on the
use of driving simulators within the basic police training in Nordic countries is sparse. Therefore, the purpose of this
quasi-experimental study was to evaluate and compare students’ driving ability regarding low-speed maneuvering in
tight spaces, during a limited part of their education, based on the type of training (simulator only, courtyard only,
or 50/50) they receive. 83 Swedish police students, divided into four classes, attending their second semester at the
police program, participated in the study. These four classes were divided into three different experimental groups.
The simulation group (two classes, n = 41) only practiced driving using a driving simulator. The 50/50 group (one
class, n = 22) practiced driving a vehicle in the courtyard and in the simulator. The courtyard group (one class, n
= 20) only practiced driving a vehicle in a courtyard. The results showed that there were no statistically significant
differences between type of training and performance on the examination regarding low-speed maneuvering in tight
spaces. The findings are discussed in terms of their implications for the use of driving simulators in higher education,
more specifically in police basic training programs.
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1. Introduction

Simulation-based training is increasingly being used in vocational education and training as
well as in higher education settings. Simulations are a valuable means of allowing students
to practice handling complex situations in a safe environment and sometimes constitute the
only way to offer students the opportunity to practice some aspects of their education. Sim-
ulators, i.e., the media used to experience the simulation, have an established place in pilot
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training, medical training and to some extent in driving license training. The most common
arguments for simulator-based training are that it allows students in different professional
areas to practice in uncommon or unsafe situations or tasks in a safe environment without
risking harming themselves or a third party (Rystedt, 2009). One such risky environment,
or professional task, that could potentially benefit from simulator-based training is driving
a police car. In Sweden, during the five-year period 2015-2020, three police officers were
killed and 450 were seriously injured while driving on duty (Kammarkollegiet, 2021). This
makes driving one of the most dangerous aspects of police work.

The police profession requires police students and police officers to be able to handle a car
in complex (traffic) situations. However, many of these situations are not possible to practice
and prepare for without taking unnecessary risks. Another benefit of simulator training is
that while those with a greater need for practical practice can be given more opportunities
to train, the number of hours students use the vehicles is reduced and thereby emissions are
reduced as well, thus contributing to sustainable development. Drawing from experiences
from other areas where vehicles are used, there appears to be potential for simulation-based
driving training to be successful in police training as it offers a risk-free environment to
practice complex and potentially dangerous situations. As of today, there is, however, a lack
of knowledge about the usability of simulation-based driving training in police education.

The Swedish basic training program for police officers includes learning to drive a police
car in accordance with current traffic legislation, safely, cost-effectively, and risk-consciously in
varying traffic environments. This part of the police education is divided into three steps. The
first step in the Swedish police’s national driver education takes place at the basic training
program and consists of lectures in classrooms, watching video of various police interven-
tions, as well as low-speed maneuvering, city, and other on-the-road skill training. The sub-
sequent two steps take place under the auspices of the Swedish Police Authority, partly under
the six months’ paid workplace practice (step 2), but also when they are hired as a police
assistant (step 3). In step 2, students train more specifically to drive in a complicated traffic
environment and on varying surfaces. In step 3, elements such as driving in the dark/poor
visibility are added, but above all the focus is on urgent performance of duties/emergency
driving. The need for the Swedish police’s national driver education is based on building
competence to operate the police vehicles in as effective and secure a way as possible, and all
three steps of the driving education are learned through theoretical studies combined with
practical driving. This type of conventional training has, according to previous research,
proven to be partly (time)inefficient and has not contributed to increased road safety (Chris-
tie, 2001; Peck, 2011). Results from a study by Lundilv et al. (2010) on incidents involving
police cars in the second-largest county in Sweden during the years 1998-2007 show an
increase in accidents over time and that half of the accidents occurred during emergency
service driving and the other half during regular police driving or educational driving. Fur-
thermore, the material costs in the form of repairing police cars are increasing annually in
Sweden (Kammarkollegiet, 2021), a cost that amounted to almost SEK 100 million in 2020.

Knowledge about one’s driving abilities and about one’s own limitations as well as those
of the vehicle are important in the profession, especially as this can cost the lives of both
police officers and civilians (Zahabi et al., 2020). However, training to drive a car in many
different circumstances (weather, heavy traffic, obstacles, speeds, different road conditions
and different distractions) is an administrative and logistical impossibility.

There are many different driving simulators, but most are not (yet) comparable (visually,
tactile, kinesthetic, etc.) to authentic driving, as the lack of G-force, acceleration, and decel-
eration makes it feel less realistic (de Winter et al., 2012). There is therefore, according to



NORDIC JOURNAL OF STUDIES IN POLICING | VOLUME 9 | No.1-2022 3

de Winter et al. (2012), a risk that the people’s driving behavior during a simulation is not
representative their actual driving. How well a simulator replicates reality is described as the
degree of fidelity. According to Kaptein et al. (1996), low-fidelity simulations have a single
Personal Computer (PC) monitor, simplified vehicle controls (e.g., steering wheel, pedals)
and a fixed base that do not simulate motion. Mid-fidelity simulations typically consist of a
large projection screen with realistic cab and vehicle controls that provide a simple motion
base. High-fidelity simulations typically provide close to a 360° field of view, a realistic cab
and vehicle controls, and simulate realistic motions. Although most descriptions of simu-
lator fidelity emphasize the fidelity of the physical construction or hardware, many other
domains can be considered, including task fidelity, perceptual fidelity, behavioral fidelity,
psychological fidelity, functional fidelity, motion fidelity, objective fidelity, and concrete
fidelity (de Winter etal., 2007; Goode et al., 2013; Wynne et al., 2019). In addition, the fidelity
of a simulator and its impact on transfer could depend on the degree of expertise the student
has (Alessi, 1988). Despite the above-mentioned limitations, driving simulators can create
opportunities for police students to practice, in a safe and controllable way, driving an emer-
gency vehicle in different conditions. The use of driving simulators regarding training skills
linked to driving has also shown several positive outcomes linked, for example, to increased
traffic awareness among young drivers (Pradhan et al., 2006) and older drivers’ spatial atten-
tion (Roenker et al., 2003). Research on the use of simulators in emergency vehicle driver
training is limited. Hembroff et al. (2018) studied 156 Canadian law enforcement students’
driving behavior in simulators with the purpose of evaluating their performance while
dual tasking, i.e., driving while using cell phones. Results showed that the simulator-based
training was useful as it provided police students with skills in handling dual tasks, such
as maintaining driving performance while communicating. However, this was not main-
tained under increased realism and danger, which justifies more training where students are
exposed to an increase in cognitive load and signals a need for more studies in the field.

Part of the Swedish police’s national driver education has a learning objective specifically
related to low-speed maneuvering in tight spaces. Research studying the use of simulators
to practice low-speed maneuvering is sparse and mainly focuses on simulation discomfort
(Bertollini et al., 2014). If using a driving simulator in driver education, it is important that
the skills learned via the simulator can be transferred to actual driving and that the perform-
ance data that can be extracted from the software has some predictive significance for future
driving behavior (de Winter et al., 2009; Roscoe & Williges, 1980). Using simulators (if this
could be assumed to be an equivalent learning activity to achieve a certain learning objec-
tive in police education) could increase teaching and practice opportunities (mass training);
generate more individual feedback (pedagogical effect) on certain aspects of driving; and
provide the opportunity to gradually increase the cognitive load (dual tasking such as com-
municating via radio, using GPS, etc.) in a safe environment (e.g., Gustavsson et al., 2020;
Zahabi et al., 2021). Furthermore, researchers and instructors could gain increased knowl-
edge about simulator-based training as a pedagogical tool, which could possibly lead to the
development of police education in general and reduce the emissions this learning activity
generates daily, one of Sweden’s 16 environmental quality objectives in relation to Agenda
2030 (Naturvardsverket, 2021).

Based on the above, simulator-based driver training could be a safe, adaptable, and
resource-saving form of learning that contributes to more practical training in complex sit-
uations in a sustainable way. Therefore, the purpose of this quasi-experimental study is to
evaluate and compare students’ driving ability regarding low-speed maneuvering in tight
spaces, during a limited part of their education, based on the type of training (simulator
only, courtyard only, or 50/50) they receive. This is to gain knowledge of the effect of differ-
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ent learning activities and, in the long run, to develop driver education in the basic training
program for police officers and further contribute to evidence-based education of police
officers. To our knowledge, this is the first time simulator-based training has been used in
a Nordic setting to teach police students how to maneuver a police car and thus also the
first time outcomes on practical examination, i.e., the transferability of simulated learning
to authentic driving, has been evaluated based on the training method.

2. Method

2.1 Participants and procedure

83 Swedish police students, divided into four classes, attending their second semester at the
police program, participated in the study. Students were divided into classes of approxi-
mately 24 students upon admission. The sorting was based on the alphabetical order of sur-
names. However, some adjustments were made to achieve an even distribution of female
students since they are often underrepresented. The aim was to have an equal number of
female students in each class. The four classes in this study were divided alphabetically into
three experimental groups. Class A were assigned to the courtyard group, class B to the 50/
50 group, and classes C and D to the simulation group. The simulation group (two classes,
n=41) only practiced driving in simulated environments using a driving simulator. The 50/
50 group (one class, n = 22) practiced both authentic driving in a courtyard and in the sim-
ulator. The courtyard group (one class, n = 20) only practiced authentic driving in a court-
yard. Common to all groups was the first four-hour theoretical lecture. Following the first
lecture, the experimental setup differed depending on the group (see Table 1 for experimen-
tal setup). All groups had three instructors with them on every occasion. All participants
signed an Informed Consent Form before being allowed to participate in this study. On the
second occasion, all participants also filled out a socio-demographic form, which collected
the participants’ age, gender (male, female, do not want to mention), years of driving expe-
rience, and average driving per week (0—3h/week or more than 3h/week). For more infor-
mation, see Table 2 for the socio-demographic characteristics of the participants.

Table 1. Experimental Setup (N=83)

Group Courtyard (n = 20) 50/50 (n =22) Simulation (n = 41)

belonging

Lecture 1 4h theory 4h theory 4h theory

Lecture 2 4h (1h theory, 1h 4h (1h theory, 3h simulation 4h (1h theory, 3h simulation
gathering/assemble/ driving using all three exercises in  driving using all three exercises in
disassemble, 2h driving  Skillster), approximately 1 1/2 Skillster), approximately 1 1/2
the police car through hour per student in the simulator. hour per student in the simulator.
the obstacle course on
the courtyard),
approximately 1 hour
per student in the
driving seat.

Lecture 3 4h (1h theory, 1h 4h (1h theory, 1h gathering/ 4h (1h theory, 3h simulation
gathering/assemble/ assemble/disassemble, 2h driving  driving mass training only using
disassemble, 2h driving  the police car through the obstacle the third exercise, the examination
the police car through course on the courtyard), simulation), approximately 1 1/2
the obstacle course on approximately 1 hour per student  hour per student in the simulator.
the courtyard), in the driving seat.
approximately 1 hour
per student in the
driving seat.

Examination Courtyard examination on the obstacle course (see Figure 5 and 6)
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The simulation room where students practice driving in simulators consists of six stations,
all equipped with three 32” (16x9) curved 4K screens, steering wheel, and pedals (see Figure
1). The three screens provide a front view and two side views for the driver (the visual field
is approximately 180°). The simulation software used was Skillster. More specifically, three
exercises/scenarios in Skillster were used. In the first exercise, students practiced maneuver-
ing in tight situations (see Figure 2). In the second exercise, they practiced backward maneu-
vering in tight situations (see Figure 3), and in the third, the examination simulation, the
students practiced in advanced maneuvering paths (see Figure 4). A drone image (see Figure
5) and videos of the examination setup in the courtyard were sent to Skillster so that they
could create a similar scenario in the simulator by all measures necessary (e.g., overall length
and width of courtyard, length and width between obstacles). Therefore, the scenario in the
third exercise is a simulated replica of the setup for the courtyard examination.

Figure 2. Shown is the simulation exercise where students practised maneuvering in tight
situations.



6 JOAKIM INGRELL, CHRISTIAN EGERIUS AND CAROLINE MELLGREN

Figure 3. Shown is the simulation exercise where students practised backward maneuvering in
tight situations.

Figure 4. Shown is the simulation exercise where students practised in advanced maneuvering
paths similar to the courtyard examination.

The examination (occasion 4) consisted of driving through an obstacle course (see Figure
5 and 6). In order to pass the exam and fulfil one of the course specific learning objectives,
to drive the car in accordance with current traffic legislation, safely, cost-effectively and risk-
consciously in varying traffic environments, especially during low-speed maneuvering in tight
spaces, there must be a flow to the driving. During the examination, the car is not allowed
to touch any of the sticks (the foot of the sticks does not count). In the event of a collision,
the student gets another attempt at that obstacle, but only one such attempt on the whole
round, otherwise they fail the exam. During the zigzag (both forward and reverse), students
are not even allowed to drive on the foot of the sticks (see 3 and 4 on Figure 6). One retake
is allowed at “Parallel parking” (see 1 on Figure 6), one retake is allowed at “The pocket”
(Swedish: Oresundsfickan, see 2 on Figure 6), and one retake is allowed on “The scissor”
(Swedish: Saxen see 6 on Figure 6). Three instructors with a minimum experience of 12 years
as an authorized driving instructor examined the students. A pass or fail at the examination
is also the outcome measure.
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2.2 Analytical strategy

Statistical analysis was performed using IBM SPSS Statistics (version 27). We began with
a descriptive analysis of the participants and the similarities and differences between the
classes assigned to the different groups. In the next step we compared the outcome, namely
the results on the practical exam, between the groups. One-way ANOVA was used to
compare means in driving experience. Based on the small sample size, categorical variables
were compared using Fischer’s exact test (2x2) and the Fisher-Freeman-Halter exact test
(3x2). A p-value of 0.05 was considered statistically significant.

3. Results
The sample consisted of male (63.9%) and female (36.1%) police students. On average, the
sample had a driving experience of 7.28 years (SD = 5.98).

To ensure that any results could not be explained by differences in the distribution of
men, women, persons of different ages, differences in driving experience, and differences in
average time of driving per week, we tested for differences in socio-demographic composi-
tion in the groups.

The mean (SD) age was 26.41 (5.64). The different proportions of males and females in
the different groups were not statistically significant (p = .580). Furthermore, a one-way
ANOVA revealed that there was not a statistically significant difference in mean age between
the three groups (F(2, 80) = [.786], p = .459).

A one-way ANOVA revealed that there was not a statistically significant difference in
driving experience between the three groups (F(2, 80) = [1.974], p = .146). Further-
more, there was no difference between the groups regarding average driving time per week
(p = .826).

Four students (2 females, 2 males) from the courtyard group (20%), four students (3
females, 1 male) from the 50/50 group (18%), and two students (males only) from the sim-
ulation group (5%) failed the exam. The result from the Fisher-Freeman-Halter exact test
showed that there was no statistically significant association between the types of driving
practice the students had been offered and whether they passed or failed the exam (p =
.119). This suggests that simulation-based training using a simulator with low fidelity is an
efficient pedagogical tool in basic driving training for police students.

Table 2. Sociodemographic Characteristics of the Participants (N = 83)

Group belonging
Total (N = 83) Courtyard (n=20) 50/50 (n=22) Simulation (n =41)
M Age (SD) 26.41 (5.64) 27.75 (6.46) 26.27 (5.98) 25.83 (5.03)
Male (%) 53 (63.9%) 14 (70.0%) 12 (54.5%) 27 (65.9%)
Female (%) 30 (36.1%) 6 (30.0%) 10 (45.5%) 14 (34.1%)
M Years Driving 7.28 (5.98) 9.55 (7.66) 6.77 (5.64) 6.44 (5.02)

experience (SD)
Average weekly driving

0-3 hours 56 13 14 29
3 or more hours 27 7 8 12
Exam

Pass 73 16 18 39

Fail 10 4 4 2
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We also estimated the amount of reduced emissions that can be achieved by switching from
driving a vehicle in a courtyard to driving in a simulator.

The students in the simulator group and the 50/50 group drove for a total of 54 hours in
the simulator, reducing CO, (kg) emissions by 797 kilograms and furthermore saving 296
liters of fuel, according to the calculation made by the software in Skillster. From a wider
perspective, a move from courtyard driving to simulator driving has the potential to reduce
emissions significantly if implemented more widely.

4. Discussion

The results showed that there were no statistically significant differences between type of
training and performance on the examination regarding low-speed maneuvering in tight
spaces. This can be interpreted as meaning that it does not matter whether students only
practice in a simulator, 50/50, or only authentic driving: the outcome regarding driving skills
will be the same. Since the group affiliation and the training carried out in the specific group
could not explain the outcome of the examination, other possible explanations could be
the students’ previous driving experience and time spent using a car during a normal week.
However, there were no statistically significant differences between the groups regarding
driving experience, time spent using a car during a week, age, and gender. Therefore, we did
not investigate this further.

One reason why simulator training can have an impact on performance can be traced to
the simulator’s fidelity in relation to the students’ competence level. If the competence level
is low, the degree of fidelity does not have to be high for learning to take place. Furthermore,
a small increase in fidelity is enough for learning to increase further (Alessi, 1998). The sim-
ulator used in this study could according to Kaptein et al. (1996) and Wynne et al. (2019)
be classified as a low-fidelity driving simulator based on the fact that it only covers a range
of 180 degrees, has no motion base, and has no realistic steering wheel and pedals. Limited
fidelity of a simulator is generally considered as a drawback compared to driver training on
the roads. Nevertheless, it has been reported that further developments in driving simulators
should not necessarily be aimed at increasing fidelity but at the improvement of didactics
and courseware instead (Gustavsson et al., 2020). One aspect to consider regarding this is
the different groups’ training, partly the actual training time the students received within the
scheduled time but also pedagogical aspects, such as proximity to instructors, opportunity
to ask questions and get constructive feedback up close. The scheduled time for each lesson
was four hours, but in practice this differed depending on whether the students belonged
to the courtyard group or received their training in a simulator. For the courtyard group,
the actual time was only two hours of driving (one hour per student as they drove in pairs,
taking turns driving the vehicle). This is partly because it takes time for the students and
teachers to drive the cars back and forth between the police academy and the courtyard and
to pack up all materials used within the scheduled time. For the students in the simulator
group, “unnecessary time” does not disappear for things like this; they can start as soon as
the lesson time begins and therefore also have more time to train during the scheduled time.
Furthermore, there is also another opportunity for teachers to give direct feedback in close
connection to the students’ runs in the simulator. According to previous research (e.g., de
Winter et al., 2012), having the opportunity to give direct feedback in close connection with
what is being practiced is an advantage of using simulators.

The simulator exercise can be considered as a resource that interacts with other forms
of teaching, incentives, and subject integration (i.e., combining two or more subjects when
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teaching a topic). It is the professional knowledge that is central and one that takes time to
develop. The teachers’ experience of previous professional activities and teaching can poten-
tially help students to discern how the simulators can support the transition to driving in
police cars. The teachers then create support structures that interact with the simulators’
exercises to make visible the aspects that are central to the handling of the police car and to
engage students in their knowledge development. The simulators continuously generate data
that can form the basis for analysis, feedback, and assessment of each student’s knowledge
development. As an example, the simulator produces different colored lines representing
when the student uses the brakes or increases speed. In this way, a student’s driving behavior
can be traced and analyzed. Although a simulator can generate a lot of data that could be
used for feedback, this is not always the case. A study by Gustavsson et al. (2020) found that
the vocational teachers’ pedagogical knowledge when driving with authentic vehicles could
not be automatically transferred to simulator-assisted teaching. Vocational teachers and stu-
dents need to develop (new) knowledge in reflecting on and using data that is generated by
the simulators. The simulator thus creates opportunities but also requires sound choices and
strategies for teaching overall. It will therefore be a challenge for police officers and instruct-
ors to master the tool so that it serves its purpose in a didactic and pedagogical manner.

Another aspect regarding the results of the study is that since part of the teaching was con-
ducted with the help of simulators this also saved 296 liters of fuel. Furthermore, by using
simulators CO, emissions were reduced by 797 kg. This study only included four classes in
one semester, in relation to one learning objective, at one specific university. However, if
all higher education institutions in Sweden that conduct police education used the type of
simulation described in this article, it would contribute toward achieving Sweden’s environ-
mental quality objectives (Naturvardsverket, 2021), where both the use of fossil fuels and
emissions play a role. Furthermore, it would also save a great deal of money;, as costs for fuel
and wear and tear on cars are extensive.

The current study is not without limitations, and therefore the findings must be inter-
preted with caution. An important aspect of experimental studies is randomization, and
in this study there was no randomization regarding the individual participants. Another
approach used in experimental studies is to create similar groups which are then exposed to
different interventions (or control). In this study, it was not checked whether the different
groups were represented by similar individuals in terms of age, gender, and driving expe-
rience. However, the results did not show any statistically significant differences between
the groups regarding the above-mentioned factors, which indicates relatively homogeneous
groups and therefore provides an interesting basis for comparison relative to the type of edu-
cation they received (see Table 2). Another limitation with a quasi-experimental design like
the one used in this study is the ability to control for confounding during the study period.
It is possible that students, especially those within the simulation group, practiced on their
own out of worry that they would otherwise fail the exam. Students were provided with
instructions on how to maneuver the vehicle in the courtyard to give them the possibility to
practice on their own. We did not control for this and therefore cannot say for certain that
it has not affected the results. However, no student asked to borrow specific equipment to
set up the courtyard, and we did not get any information from the students that they had
practiced on their own. Another limitation is that teachers’ didactical decisions and students’
perceptions of the learning climate were not taken into consideration. This is something that
could play an important role in students’ achieving the learning objectives and needs to be
studied further. In relation to this, another limitation is that the instructors’ work environ-
ment was not taken under consideration. There is potentially a difference between having a



NORDIC JOURNAL OF STUDIES IN POLICING | VOLUME 9 | No.1-2022 "

lecture in a warm classroom and being out in cold and windy weather on a courtyard. This
could potentially — consciously or unconsciously — affect teachers’ ability to maintain a good
learning climate and is a possible factor to include in future studies.

Although using driving simulation in police basic training needs to be studied further, the
results of this study would strengthen the motives for part of the teaching to take place using
driving simulators without risking the quality of the education. It could even be the case that
the benefits outweigh the risks. In addition to having an equivalent outcome with respect to
whether the students achieved the learning objective, it could also improve the work envi-
ronment, increase availability of driving instructors and feedback to students, reduce emis-
sions, and save money on fuel. More research is needed, not only on low-speed maneuvering
in tight spaces but also in other areas of police driver training. More specifically, it would
have been interesting to investigate how simulator-based driving training can function as a
complement to on-the-road driver training (the following semesters at the police academy)
where police students must show a different type of risk awareness and decision-making in
driving the police car.

One aspect to be considered is the skepticism that this project initially received from both
teachers and students. The expectations of simulator-based training were generally low, and
on rare occasions protest or negative attitudes and comments from students interfered with
the lesson plan, almost leading to an ending of class. At the end of the project, however, both
students and teachers were positive in general, much because of the outcome of the exam.

Other factors to consider are that students may not take this type of training seriously but
treat it as a game. According to Fu-Hsing et al. (2013) digital simulation and its design as
a game means that the student tends to focus on the game (in terms of being in the game
and coping with its challenges), rather than focusing on the intended knowledge content. In
other words, the opportunity to create an “immersive experience” with the student in the
simulated environment does not automatically mean that the student comes into contact
with, and develops, relevant knowledge. Supporting students’ learning thus becomes a
central issue in the work with digital simulation and requires a certain pedagogical approach.

The risk of so-called “simulator sickness,” comparable to motion sickness, should also be
considered. Some students experience nausea and are forced to interrupt training. Future
studies should consider these factors as well and study simulator-based training in a more
holistic manner. We hope that the results from this study can help ease further implementa-
tion of simulator-based training in higher education in general and police basic training in
particular.
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