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The current use of simulators in driver training in Norway is very limited. In this study, we explore how a simulator-
based night driving course compares to the current course used in Norwegian driver training. The course is very
early in the process of obtaining a license and conducted before the learner drivers are allowed to drive themselves.
The goal is that the learner drivers acquire knowledge on the subject of night driving. The effects are compared
using multiple-choice tests on the night driving curriculum. In the experimental setup, all participants (» = 142)
performed both types of training, and they were compared to a baseline group (7 = 80). The simulator-based training
led to larger improvements in test scores than the current training, regardless of the training order.
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1. Introduction

Simulators are often seen as a cost-effective
training tool for safety-critical situations
(McGaghie et al., 2010; Saghafian et al., 2020;
Salas et al., 1998). Their use is common in
industries like aviation, nuclear power,
petrochemical, medicine, and marine
transportation (Klatt et al., 2009; Escobar-
Castillejos et al., 2016; Wahl et al., 2020). The
use of simulators is also slowly entering a
field that has more accidents and a higher
death toll than any of the industries mentioned
here: driving a standard passenger car (WHO,
2018). Driving simulators improve safety for
instructors and learners by allowing safe
practice of dangerous scenarios (e.g., children
or animals on the road, overtaking) and reduce
emissions through repeated training (Saetren et
al., 2018). Studies report positive outcomes
from driving simulator use (Allen et al., 2007;
Casutt et al., 2014; Roenker et al., 2003; De

Winter et al., 2009). However, differences in
simulator fidelity and performance measures
make their effectiveness debated (Blana,
1996; Mullen et al., 2011; De Winter et al.,
2007; Wynne et al., 2019).

Simulators have been used in research on
night driving, such as driver speeds and
attention (Bella et al., 2014; Konstantopoulos
et al., 2010; Gillberg et al., 1996). Mikkonen
(2007) found better results from simulator
training compared to traditional methods for
night driving. In Norway, learner drivers do
not drive during night lessons (as they have
not reached the point in their training where
they receive the permission to drive), unlike
Finland where they practice in the dark
(Mikkonen, 2007).

In countries like the Netherlands,
Denmark, Finland, the UK, the Czech
Republic, and Slovakia, simulators are
integrated into driver training to teach basic
driving skills (Fisher et al., 2011; Abele &
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Moller, 2018; Mikkonen, 2007). In the
Netherlands, simulators can fulfill entire
training requirements, though most still take
lessons on the road (de Winter, 2009).
Simulators are also used for eco-driving and
hazard handling for licensed drivers (Beloufa
etal., 2019; Wang et al., 2010).

Simulators could be beneficial for advanced
skills like risk evaluation and hazard perception,
though they are rarely used for this purpose
(Abele & Magller, 2018; Pollatsek et al., 2011).

1.1 Night driving simulators

There are many technical difficulties that a
driving simulator must overcome in order to
provide realistic training or conduct realistic
experiments (Blana, 1996; De Winter et al., 2007,
2012). In addition, simulating night driving has
some added difficulties. The first is the technical
difficulty of simulating the effects of darkness.
Creating a realistic representation of low levels of
illumination (Wood, 2020), the effects of glare
(Theeuwes et al., 2002), and blinding (Plainis &
Murray, 2002) from bright light sources has
proven to be very difficult on a screen or canvas
(Wood, 2020; Wood & Chaparro, 2011).
Secondly, driving at night is associated with
different behavioural patterns than what is seen
during the day. This includes increased risk-
taking (Clark et al., 2005; 2006), a higher average
level of fatigue and sleepiness among drivers
(Chipman & Yin, 2009; Lowden et al., 2009), and
increased drug and alcohol usage among drivers
(Houwing & Stipdonk, 2014). It is often not
possible to fully overcome all these difficulties in
both training and experiments, leading to
limitations in generalizability.

1.2 The Simulator Training in Driver
Education Project

The work presented in this article was done as
part of a research project called Simulator
Training in Driver Education, approved by the
Norwegian center for research data (NSD).
The project explored simulators' applicability
in driver training (Setren et al., 2019) and
includes studies on simulator technology
acceptance (Satren et al., 2020), impacts on
driving instructor education (Satren et al.,
2021), and future use scenarios in Norway
(Skogstad et al., 2021).
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Night driving was identified as a suitable
application for simulators due to its
mandatory status in Norwegian driver training
and seasonal limitations. Simulator training
could replace classroom-based instruction,
offering an all-year alternative. This study
compares simulator-based night driving
courses to traditional methods using multiple-
choice tests. Gathering behavioural data was
not possible as learners are not allowed to
drive at this stage. Long-term studies
comparing skills and accident rates from
different training methods are suggested for
future research. Initial results from this study
(only the first year of data collection) have
been published in an earlier conference
proceeding (Satren et al., 2019).

2. Method

2.1 Participants

2.1.1 Learner drivers — participating in training
and experiments

The participants in this study were all in the
starting phase of obtaining their driving
licence. This study was conducted as part of
the program to educate new driving
instructors which means that the learner
drivers receive training from both an
experienced driving instructor and students in
the process of becoming driving instructors.
The learner drivers were randomly assigned to
an experienced university teacher and driver
instructor students. Learner drivers were
informed that simulators could lead to
symptoms of simulator sickness, that joining
the experiment was voluntary, and that they
could quit at any time without any
repercussions.  Informed consent  was
collected through an informed consent form
approved by NSD. The experiment was
carried out in two consecutive years, with the
new learner drivers at the driving school.

2.1.2 Baseline

We wanted to create a baseline on expected
knowledge on night driving before starting
training. To avoid having the participants
complete the same test several times a
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separate group of people without driving
experience completed the tests.

2.2 Experimental setup

The participants were divided into two groups
by alphabetical order. Group 1 started with the
current used training and Group 2 with
simulator training. The alphabetical list of
names for the two groups were split into two
subgroups, which were given the tests (T1 and
T2) in opposite orders after the training
sessions. After completing the study, all
participants had been provided both simulator
and current training - and taken both tests
(Figure 1).

Baseline Group 1

Group 2
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Fig. 1. Research design: Experiment set up.
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As the current training is mandatory to obtain a
driver’s license in Norway, a setup where some
participants did not receive the current training was
not an option (e.g., use a simple setup where two
groups were given different training and completed
the same test). The added benefit of this setup was
that we could, in addition to comparing the two
forms of training, also see if a second round of
training influenced test results.

2.3 Simulator training

The simulator used in the training was a 2009 ECA
Faros EF-X (Figure 2) with three monitors (120°
field of view). The simulator uses a close-to-
realistic seat, steering wheel, pedals, and gear shift,
but it does not include a moving base or haptic
feedback.

Wed tysena pastatt, dra spaken mot dog

Fig. 2. The ECA Faros EF-X at Nord University used
for the simulator training and screens in use. Photo 3
includes instructions (in Norwegian). Photo 1 by G.B.
Setren. Photo 2-4 by Thor Owe Holmquist

The simulator training was developed by driving
instructor experts and especially designed for
Norwegian night driving. The content is based on
the same curriculum as the current training and
hence covers the same topics. The training was
carried out in the afternoon at Nord University,
one learner driver at a time. Before the session
started, the learner drivers were given a short
explanation by a driving instructor on how the
simulator worked and a few minutes to get
familiar with the simulator.

The simulator training consisted of six
sessions, with a virtual instructor explaining the
theoretical concepts and guiding the learner
drivers through the different exercises. The six
sessions where: 1) Basic skills (use of lights), 2)
Meeting a vehicle, 3) To be overtaken, 4)
Overtaking, 5) Pedestrians and other dangers, 6)
Stopping by the roadside. The learner drivers had
to pass one section before they could move on to
the next. The simulator training was finished after
all six sessions were completed, which took a total
of approximately 45-60 minutes. After the
training, the learner drivers immediately took one
of the multiple-choice tests in an adjacent room,
by themselves, with only a student assistant
present monitoring the test.).

The current night driving training consists of
three elements: classroom theory, an outdoor
driving course demonstration, and observational
in-car road training (Lovdata, 2017). The theory
lesson includes an introduction to the training
goals and a summary session afterward.
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The training is conducted in the afternoon
with groups of learner drivers. Two instructors
and two learners occupy each car. The 15-minute
drive to the course is followed by a demonstration
on light use and visibility. Instructors then drive
around the field, explaining visibility and braking
distance. This session lasts about 45 minutes.

Following this, the group drives into real-life
traffic on a predefined route, discussing elements
of the night driving curriculum. The on-road
session also lasts 45 minutes, but learner drivers
do not perform any driving.

Afterward, a classroom session includes
reflections and a summary. Learners then
complete multiple-choice tests in a monitored
room to ensure individual work.

Multiple-choice tests were used to test
curriculum  comprehension. The questions
developed for this experiment were based on
those used in a previous study to measure
knowledge on night driving curriculum
(Robertsen et al., 2017). A pool of 40 questions
where split into two tests (T1 and T2) seeking
equal distribution of questions representing the
different topics to prevent bias caused by extra
knowledge on one topic. Separate tests (T1 and
T2, each consisting of 20 questions) were given to
the participants after their two trainings (current
and simulator). Each question had four different
answer options, only one of which being correct.
It took about 15 minutes to complete each test.
The order of training and testing is presented in
Figure 1. Two examples of the questions used are
presented below (translated version). The
students were asked to select the correct answer
by marking the box on the left side.

3. Results

3.1 Sample

The total sample (N = 214) had a mean age of
18.00 (Range = 16-60), with 100 male (47 %)
and 114 female (53 %) participants. The mean
age and gender composition of the groups were
as follows: baseline 17.58 (n = 80, Range = 16—
60, 1 missing), 37 males (46 %) and 43 females
(54 %); first year of data collection 17.20 (n =
66, Range = 17-20), 40 males (61 %) and 26
females (39 %); and second year of data
collection 19.28 (n = 68, Range = 16-35), 23
males (34 %) and 45 females (66 %). There was
a significant gender difference (#(196.89) = 2.35,
p =.020) in total test scores, with women (n =

Proc. of the 35th European Safety and Reliability & the 33rd Society for Risk Analysis Europe Conference

114, Mean = 26.23, SD = 5.79) performing
better than men (n = 100, Mean = 24.20, SD =
6.72). There was no significant correlation
between age (ranging from 16 to 60, Mean =
18,00, SD = 4.16) and total test scores (#(211) =
.04, p = .536).

The baseline group had a total mean score
of 21.35 (n =80, SD = 5.45), or 10.68 per test,
ranging from 8 to 31 out of a possible 40. As
expected, the mean baseline score was lower
than the mean score after one (n = 134, Mean =
13.60, SD = 3.02) and two (n = 134, Mean =
14.03, SD = 3.31) training sessions.

3.2 Main results

As receiving both forms of training is an
unrealistic scenario in the real world, the most
important result is the difference between scores
after the first training, where those that had
simulator training (Mean = 14.24; SD = 2.53)
significantly (p <.05) outperformed those
receiving the current training (Mean = 12.97; SD
=3.51; #(132) = 2.40, p = .018; Figure 3).

— Currepy 514.17
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Baseline After first traming After second tramning

Fig. 3. Estimated baseline and scores after one
and two training sessions. Separate lines based on
training order.

3.3 Further analysis
Further analysis was conducted to find the effect
of training regardless of the training order,
whether the same effect was found in both years
of data collection independently, and the
predictive power of training type in predicting
the increase in knowledge from the estimated
baseline to the first test and from the first to the
second test.

To find out the effect of training, regardless
of the order it was given in, a repeated measures
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general linear model, with estimated baseline,
test scores after the first training and test scores
after the second training as within-subjects
variables, and order of training as a between-
subjects factors, was used. A repeated contrast
was chosen (Figure 3).

Mauchly’s test indicated that the
assumption of sphericity had been violated
(Mauchly’s W = .88, ¥*(2) = 17.49, p < .001,
Huynh-Feldt ¢ = .91, Greenhouse-Geisser ¢ =
.91). A Huynh-Feldt correction was chosen
based on the general rule of thumb of choosing
Huynh-Feldt correction when sphericity is
violated and ¢ is above 0.75 (Girden, 1992). The
main effect of training was significant (Huynh-
Feldt F(1.81,239.46) = 61.43, p < .001, n*=
.32), as was the interaction effect of training and
the order of training (Huynh-Feldt F (1.78,
239.46) = 4.30, p = .018, 1> = .03). Repeated
within-subjects contrasts revealed a significant
effect for the test score combined with group
membership from baseline to the test after one
training (F(1,132) = 6.10, p = .015, 0> = .04) and
a significant effect from the test after one
training to the test after two trainings (F(1,132) =
8,94, p = .003, n? = .06). The groups had very
similar, and not significantly different, scores on
the final test after completing both forms of
training (AM = 0.30, #(131.90) = 0.52, p = .602).

When splitting the groups by order of
training and year of data collection (4 groups),
the same trend is seen in both years, with the two
groups receiving simulator training first showing
the largest improvement after the first training,
and the two groups receiving the simulator
training second showing the largest improvement
in the second training (Figure 4). Mauchly’s test
indicated that the assumption of sphericity had
been violated (Mauchly’s W = .87, ¥*(2) = 17.60,
p <.001, Huynh-Feldt € = .92, Greenhouse-
Geisser € = .89), leading to a Huynh-Feldt
correction (Girden, 1992). The main effect of
training was once again significant (Huynh-Feldt
F(1.84)=60.77, p <.001, n? = .32), but the
interaction effect of training and the order of
training was not (Huynh-Feldt F(5.51,
238.94,28) = 1.59, p = .156, n*> = .04). Repeated
within-subjects contrasts revealed no significant
effect from the test score combined with group
membership from baseline to the test after one
training (F(3.130) = 2.25, p = .086, n> = .05), but
a significant effect from the test after one

training to the test after two trainings (F(3.130) =
3.37, p=.021,1? = .07). The groups had very
similar, and not significantly different, scores on
the final test after completing both forms of
training (Largest AM = 0.33, F(3,130)=0.09, p
=.965).
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Fig. 4. Estimated baseline and scores after one
and two training sessions. Separate lines based
on training order and year of data collection.
Blue and red lines are from the first year of data
collection, the green and orange from the second.

A blockwise multiple regression analysis
was used to predict the improvement of each
round of training. Age and gender were non-
significant and explained 2% (R?> = .02, p = .348)
of the participants’ improvement in test scores
from baseline to the first test. Adding the type of
training increased the explained variance to 6%
(R*= .06, AR* = .04, p = .019), with the type of
training being a significant predictor (§ = 0.21, p
=.019) of the simulator leading to more
improvement than the current training.

Age and gender were non-significant and
explained 1% (R*>= .01, p = .656) of the
participants’ improvement in test scores from
after the first round of training to after the
second round. Adding the type of training
increased the explained variance to 7% (R* = .07,
AR? = .06, p = .005), with the type of training
being a significant predictor (f = 0.25, p = .005)
of the simulator leading to more improvement
than the current training.
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4. Discussion

In this study, we compared simulator-based night
driving training with traditional methods, where
learners are passengers in real-life traffic, attend
classroom sessions, and participate in outdoor
training.

Simulator training outperformed traditional
methods in both the full dataset and in each year
of data collection. These findings align with
Mikkonen (2007), who reported higher test
scores from simulator-based night driving
training. The training order did not significantly
impact overall learning outcomes, as all groups
achieved similar final test scores.

Simulator training could replace traditional
methods, offering year-round, flexible, and
potentially more cost-effective training for
learners. It also reduces road time, enhancing
safety and minimizing environmental impact.
However, implementing simulators as an
alternative to traditional night driving training
would require updates to Norwegian regulations,
as night driving currently mandates the use of an
actual car, even though learners only observe.

There are several significant differences
between the two training methods making it
difficult to pinpoint what is causing the variation
in test scores. Current training emphasizes verbal
communication and observation, whereas
simulators focus on interaction and experiential
learning. Simulators provide a hands-on context,
allowing learners to experience scenarios like
night driving from a driver’s perspective.
Instructions are integrated with practical
experience, fostering active participation,
whereas traditional methods may lead to passive
learning, particularly in group settings where
distractions are common. Simulators also include
checkpoints, ensuring learners master each
session before progressing.

Simulators offer standardized training,
which minimizes variability and ensures
consistent delivery of key information. However,
traditional training allows instructors to adapt to
individual needs, which simulators handle only
minimally. While simulator training happens
indoors in controlled conditions, reducing
discomfort and distractions, traditional training
on real roads introduces variability in learning
due to differing experiences. Simulators’
structured repetition can enhance learning
outcomes but lack the reflective dialogue and

attitude-building opportunities provided by
instructors.

The study had limitations, including a small
sample size, young participants, and reliance on
multiple-choice tests. These factors, along with
varying baseline knowledge, influenced
outcomes. Driving instructors in this study were
trainees, which might affect the quality but also
ensured focused, supervised instruction. While
simulator training improved knowledge, its
impact on real-world behaviour and accident
rates remains unknown.

Simulator training could complement
traditional methods, offering benefits like cost
efficiency, flexibility, safety, and environmental
advantages. However, its broader adoption in
Norway requires tailored software aligned with
the national curriculum and further research
across all training levels. Future studies should
also explore behavioural and attitudinal impacts
to fully validate simulators as a driver training
tool.

5. Conclusion

In the current study, simulator training
outperformed traditional training for participants
at an early stage in obtaining their driver’s
license. However, because this study only looked
at a small part of a larger curriculum (night
driving training), caution should be taken in any
generalization of the results to the larger driver
training program. Even so, it seems that
simulator training, in which learner drivers are
participating actively, is a potential alternative,
or supplement, to training which is currently
done in classrooms, through demonstrations, and
while the learner driver is a passenger in the car.
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