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Risk perception of driving under the influence: A study with driving simulators

Abstract

After the spread of the COVID-19 pandemic, the number of young drivers (aged between
18-24 years old) involved in driving under the influence has drastically increased compared to
previous years. As a result, avoidable accidents and deaths have increased as well. In the current
study, we considered the Theory of Planned Behavior (TPB), to explain this change. We
hypothesized that the cognitive biases (optimistic bias and illusion of control) shaping the risk
perception of driving under the influence had a major impact for the cohort of people between 18
and 24 years, compared to older/expert drivers. Our goal was to reduce the misperception of the
risk of driving intoxicated, by reducing the effects of the illusion of control and the optimistic bias
through an experiential study. To do so, we used a drive simulator with a software that mimics
driving while intoxicated. In addition to that, at two different time points, we collected quantitative
data about the risk perception of driving while intoxicated of a group of young individuals about to
obtain the driving license (aged 18-24): i) at least two weeks before having a simulator driving
experience; ii) after using the simulator. Moreover, we manipulated the driving experience by
having the software set up to simulate a drive under the influence of alcohol for some participants
and a drive in a sober state for others. We found that after the experience of driving a simulator
the most effective predictors in explaining the difference between the two conditions (sober vs
impaired) are the cognitive bias, particularly the illusion of control.

Keywords: risk perception; drunk driving; safety; driving simulator



Introduction

In 2020, countermeasures taken to prevent the spread of Covid-19 have drastically
diminished road traffic (Istat, 2021a; ITF, 2021; Wegman & Katrakazas, 2021; Yasin et al., 2021).
In consequence to this, in many countries, the rate of accidents drastically decreased (Carson et
al., 2024; Istat, 2021a; ITF, 2021; Jima & Sipos, 2023). However, road accidents caused by alcohol
have increased dramatically during the pandemic and after it leading to an increase in avoidable
deaths, injuries, and causing suffering to thousands of individuals and their families (ITF, 2021;
Jima & Sipos, 2023; Lyon et al., 2023; Vanlaar et al., 2021; Watson-Brown et al., 2021). Recent
data highlighted an increasing number of car accidents for new drivers between the age of 18 and
24 (European Commission, 2024). Moreover, among ltalians, it emerged that the population within
this age range (18-24 years) is more prone to alcohol consumption than 10 years ago (going from
69,1% in 2010 to 73,4% in 2020; Istat, 2021b). Unfortunately, alcohol consumption among younger
drivers (18-24 years old) who are involved in car accidents is not a new issue (Australian Transport
Council, 2011; Istat, 2021b; Mathijssen & Houwing, 2005; Mura, et al., 2003). Previous studies
have investigated the factors that lead youngster to drive under the influence (e.g., drive under the
use of drugs or alcohol) among this specific population (De Blasiis et al., 2017; Leung & Starmer,
2005; Peck et al., 2008; White et al., 2011), without being able to find a proper solution to this
issue. Given the urgency to intervene at the root of the problem, we set up research to investigate
how to prevent driving under the influence among young people who are about to obtain a driver's
license. Specifically, the project aims to reduce the biases underlying youth involvement in alcohol-
related crashes, such as illusion of control and optimistic bias. These biases would lead young
drivers to underestimate the risks associated with driving under the influence. There is evidence
that this underestimation can be successfully reduced through vivid and direct experience of the
consequences of alcohol on driving skills (Brookhuis & De Waard, 2011; Steyvers & De Waard,
1997), thus promoting awareness and the responsible choice not to drive while intoxicated.
Considering the effectiveness of this type of programs, our project aims to reduce the impact of
biases and improve behavior through an experiential method in which participants drive on a
simulator that mimics driving under the influence of alcohol (vs. in a sober state).

Theoretical background

The goal of the project was to reduce the judgment biases that lead to underestimating the
danger of drunk driving. Several studies showed that among the various reasons for young drivers'
involvement in alcohol-related accidents would be unrealistic ideas on their part about the real
consequences of drunk driving (De Blasiis et al., 2017; Leung & Starmer, 2005; Potard et al., 2018;
Vankov & Schroeter, 2021; Yadav et al., 2022). These unrealistic ideas would appear to be
influenced by the illusion of control and optimistic bias (Vankov & Schroeter, 2021; Vankov et
al.,2022).

Specifically, the illusion of control consists of the tendency to see the chances of success
as higher than the probability warrants (Langer, 1975). Individuals with high illusion of control
beliefs tend to overestimate the probability of success associated with their performance and tend
to falsely attribute a random outcome to their ability. Research on driver behavior has shown that
the illusion of control is also a contributing factor in risky driving behavior (McKenna, 1993; Nees et
al., 2021; Stephens and Othsuka, 2014; Svenson, 1981).

Optimistic bias, instead, refers to the decision-makers belief that they are more skilled and
less likely to experience negative events than their peers (Weinstein & Klein, 1996). Gosselin and
colleagues (2010) found that the optimistic bias effect was consistent in different generations. They
not only examined the optimistic bias in three different cohorts, but the authors found that when



compared with a greater cohort, the effect of the optimistic bias was higher. In other words, young
drivers rated their driving risk as being lower than both their same age peers, and older drivers
(Gosselin et al., 2010). Individuals with high levels of optimistic bias, therefore, tend to have biased
judgments in favor of the self, and specifically about driving behaviors, DedJoy (1989) argues that it
is mainly novice drivers who engage in risky behavior in driving, convinced that their peer group is
risk-free.

Both biases fuel a feeling of overconfidence in one's driving abilities and lead individuals to
underestimate the weight of random events that may occur in the environment, thus contributing to
increased risk-taking by drivers, particularly younger ones (Payani et al 2019; Wholber &
Matthews, 2016). These biases are not the only predictors that could explain young drivers’
behaviors. Indeed, referring to the Theory of Planned Behavior (TPB, Ajzen 1991) other factors
that can predict the impaired driving behavior among young people are: 1) attitude, or how
favorable, or unfavorable, the behavior is perceived to be, 2) subjective norm, or whether important
others are perceived as approving or disapproving the behavior of interest, and 3) perceived
behavioral control (PBC), or how easy, or difficult, performing the behavior is perceived to be
(Ajzen 1991; Vankov & Schroeter, 2021). In particular, for this study, we referred to an extended
TPB (Vankov & Schroeter, 2021), which included all the demographic variables (gender, age), TPB
constructs (instrumental attitude, affective attitude, subjective norm, descriptive norm, self-efficacy
and perceived controllability) to assess drivers’ intentions to drive under the influence of alcohol or
drug (Vankov & Schroeter, 2021).

In line with this theoretical model, some research shows that young and inexperienced
drivers between the ages of 18 and 24, especially males, largely overestimate their driving skills by
underestimating the risks involved (Brookhuis & De Waard, 2011). However, recent studies have
shown promising results of interventions aimed at reducing drunk driving. Some recent studies
show that this overestimation of driving abilities by young people can be successfully reduced
through specific intervention programs (see Steyvers & De Waard, 1997). Vividly experiencing the
consequences of alcohol on driving skills seems to foster a better understanding of the reduced
ability to control the vehicle under such conditions, promoting the conscious and responsible
choice not to drive while intoxicated. For example, Brookhuis and colleagues (2010) showed the
role that direct experience of drunk driving appears to play in effectively deterring this type of
behavior. The authors asked a group of people aged between 18 to 27 years, who obtained the
driving license in the previous six months, to drive in a closed circuit under the influence of alcohol.
Subsequently, these people showed increased awareness of the dangers of impaired driving and a
decreased sense of control. Compared to the studies reviewed so far, our study contributes to the
literature by testing a new methodology based on a simulation of driving under the influence rather
than having individuals consume alcoholic drinks before driving a real car. By doing so we extend
the ability of researchers to study the psychological factors related to driving under the influence as
well as the potential for institutions to sensibilize prospective drivers about the risk of drinking and
driving. The approach based on the use of driving simulators has also the advantage to be more
effective in reaching many drivers. For instance, by placing the simulators in the DMVs it would be
possible to reach all drivers since they have to go there to obtain their driving license, and it would
not require the need to set up a private course to allow intoxicated people to drive in a safe
condition. Based on the literature and the above considerations, our project aims to influence risk
perception through an experiential method in which participants are asked to get behind the wheel
of a driving simulator modified to mimic the state of intoxication. Specifically, we hypothesized that:

H1a: After simulating a drive under the influence (versus a drive in a sober state) participants



should show a higher risk perception of driving under the influence.

H1b: Participants exposed to the experience of driving under the influence should show a higher
risk perception of driving under the influence compared with their baseline, while this should not
happen for participants who simulate a drive in a sober state.

H2: Participants levels of illusion of control and optimistic bias should be negatively correlated with
risk perception so that higher levels of these two biases should correspond to lower risk perception
associated with driving under the influence.

Method
Participants

The data collection took place from April 2023 to March 2024, at the local Department of
Motor Vehicle (DMV) office, where the two simulators were located. The 228 participants were
people about to obtain a B driver's license or newly licensed, aged between 18 and 24 years old
(42% female; mean age 19 years + 1.36 years ranging between 18 and 24 years). They were part
of a pool of driving schools that took them to the local DMV office to undergo a test of their
knowledge of the rules of the road. The test is mandatory for all people who want to get a driving
license in Italy. The data collection was structured in 3 sessions (baseline survey, simulated drive,
post-test survey), each stage was mandatory and had to take place to move to the next one.
Before starting each session, participants were informed that they could leave the study at any
moment and get their data deleted. For each session, we obtained participants' consent, and in all
the sessions data were collected anonymously. We discarded all participants who did not complete
the baseline or post-test surveys. We did not consider in our analysis incomplete answers and/or
double answers. Moreover, minors and people who were over 24 years old were excluded from the
study because of the selection criteria required to achieve the sample we needed. In addition, we
had to exclude participants who suffered from epilepsy or photosensitive conditions because they
could not complete the driving simulation on the simulator. The study was approved by the
research team's university ethics committee (protocol number: 5235).

Materials and Procedure

The experiment used a 2 x 3 mixed design with condition (simulated drive under the
influence vs. in a sober state) as a two level between-subjects factor and session (baseline,
simulated drive, post-test) as a three levels within-subjects factor. Participants were randomly
assigned to one of the two between-subjects conditions. At the beginning of the baseline survey,
all the participants were asked to create an identification code which they had to report in the
following sessions to ensure that we could correctly link their responses to the surveys with the
data from the simulator.

Baseline. This was the first session and consisted of an online survey, implemented on
Qualtrics, equal to all the participants. Participants were sent the link at least two weeks before the
drive on the simulator. The goal of the baseline was to have a baseline of soon-to-be drivers’ risk
perception. In particular, we collected data on their perception of the risk of driving under the
influence by asking “How risky do you think it is to drive under the influence of alcohol?” and “On a
scale of 1 to 10, how safe would you feel driving under the influence of alcohol?” for which
participants had to answer on a scale from 1 (not at all) to 10 (very; Gonzalez-lglesias et al., 2014;
Marcil et al., 2001; Vankov, & Schroeter, 2021). We also collected data on participants’ alcohol-
related habits (e.g., “Have you ever seen your parents or family members driving after consuming
alcohol?”) because the literature shows that it is a relevant predictor of the future drivers’ decision
to drive under the influence. Then, to gather further measures of the illusion of control, and the
optimistic bias of young people in relation to driving under the influence of alcohol and drugs we



used two standardized scales: the 30-items DeJoy (1989) scale to measure the optimistic bias and
the illusion of control. The DeJoy (1989) scale is subdivided into three subscales: the involvement
subscale (o = .89 for both the baseline and the post-test), the seriousness subscale (a = .89 for the
baseline and a = .78 for the post-test) and the controllability subscale (o = .64 for the baseline and
o = .65 for the post-test). In each subscale, there is a series of car accidents that can happen on
roads (e.g., “Losing your life in an accident because you did not give right of way”) and for each of
them respondents are asked to rate from 1 (not very likely) to 10 (very likely) how much more likely
it would be for them to be involved compared to their peers. Depending on the subscale they are
answering to, they have to consider the likelihood of being involved in those car accidents
(compared to their peers), or the seriousness of the car accident described, or the controllability
that they have on the described car accidents. For the risk perception of driving intoxicated among
young people we used the Vankov and Schroeter scale (2021; o = .48 for the baseline and o = .35
for the post-test). A sample item of this scale is “In your opinion, how bad or good would it be if you
drove under the influence of alcohol in the next three months?” and answers were given on a 5-
point scale ranging from 1 (very bad) to 5 (very good). Finally, participants answered a series of
demographic questions: age, educational level, household income and were asked about their
knowledge of the sanctions for driving under the influence of alcohol (e.g., “What happens if a
novice driver is stopped driving a car with a blood alcohol level of 0.3 g/1?”) and their personal mail
address to contact them after six months for the follow-up questionnaire. Because of the low
values of the Cronbach’s a = .89 the controllability subscale of the Dejoy scale and the risk
perception scale by Vankov and Schroeter were not used in the analyses. A complete version of
the materials is available in Supplementary Online Materials (SOM).

Driving simulator. To expose participants to the conditions experienced when driving under
the influence or in a sober state, we used a drive simulator model Naked provided by Toccafondi
Multimedia. The simulator included an adjustable car seat, steering wheel, three car pedals
(throttle, break, and clutch), a gear shifter, and a tv screen. Since we were testing participants who
had not driven a car yet, we decided to use only some of the available controls. For instance, the
gearbox was set to automatic. Moreover, of all possible controls on the wheel, the only ones
available to the participants were those to regulate the side mirrors, those to engage first gear and
reverse gear, and those controlling the blinkers. When using the software specification that allowed
us to simulate a drive under the influence, we had the possibility to set the drunkenness of the
driver. This specification of the software introduced a delay between the time in which the driver
operated on the controls (e.g., pressing the brake or steering) and the time in which the car started
to react to the driver’s inputs. This way it was possible to simulate the slower reaction times that
characterize the state of driving under the influence of alcohol. In the experimental room there
were two drive simulators, placed face to face to each other, to reduce the interaction between two
different participants while they were doing the simulation test.

After checking that participants did complete the first survey, we registered them into the
driver simulator device using the same identification code of the baseline survey. In this way it was
possible to collect for each participant the date about their driving (e.g., speed, missed red lights
and so forth). For each participant, we collected data for both the training session and for the
experimental one where they simulated either driving intoxicated or sober. The training route was
the same for all participants, since its scope was to familiarize with the simulator. This trial had a
timer and after 8:02 minutes it ended, otherwise participants could finish it earlier if they reached
the finish line. During the training session participants did not receive any feedback about their
errors or incidents, since the scope of this trial was to familiarize with the device and not to make
people aware of the way they were driving. In all sessions participants were instructed to follow the



arrows on the pavement and reach the finish line without violating the rules of the road.

Once participants were done with the training session, they were randomly assigned to one of the
experimental conditions: simulation of driving under the influence or in a sober state. The route
used in both conditions was the same and it was different from the training one. The only
difference was that in the intoxicated trial participants had a blurred vision and delayed reactivity of
the car to their inputs. Indeed, the response of the steering wheel and the pedals was delayed
consistently with what would happen to a driver under the influence. Even in the experimental
session, there was a time limit of 8:02 minutes and participants could finish earlier if they reached
the finish line or because of an accident.

Driving indicators. During the sessions on the simulator, we collected some specific
indicators that we used as quantitative data to measure the way participants were driving. We
measured the highway infractions (such as failing to give right of way to a pedestrian at a
crosswalk, running a red light, driving on the wrong side of the road, and so forth) and whether they
respected the speed limit. A list of these indicators is available in the SOM.

Post-test. After finishing the sessions on the simulator, participants completed the post-test
survey. Due to time constraints, it was not possible to let them do it immediately at the DMV. Thus,
participants were instructed to do it within the end-of-day, if they forgot to do so they received a
reminder the following morning. The survey was administered online through a Qualtrics link and
took about 10 minutes to complete. Its aim was to evaluate the experience on the simulator and to
measure the different impact of the experimental condition on the risk perception, as the illusion of
control and optimistic bias, of driving while under the influence. For this reason, in the survey we
presented again the standardized scales and questions implemented in the baseline survey.
However, we added some questions about the experience with the driving simulator (e.g., “On a
scale of 1= not at all to 10= very much, how effective do you think driving with the simulator: has
been in making you more responsible when driving on the road”). A complete version of the
materials is available in the SOM.

Results

Descriptive statistics and correlations

Descriptive statistics are reported in Table 1. Risk perception decreased slightly after the
session on the simulator and this change was a little larger for participants who simulated a drive
while sober. However, in both conditions, the risk perception related to driving under the influence
of alcohol was very high (Ms > 9.27 out of 10, SDs < 1.00 in the baseline and Ms > 9.04, SDs <
1.50 in the post-test). In the post-test some participants had a risk perception score lower than
5.00, the middle point, whereas this did not happen in the baseline.

Table 1. Descriptive statistics for the main variables in the study.

Simulation of Simulation of
driving in sober driving under the
state influence
Baseline M (SD)
Risk perception M (SD) 9.44 (.89) 9.27 (.91)
Dejoy seriousness M (SD) 3.82 (.55) 3.77 (.57)
Dejoy involvement M (SD) 2.43 (.88) 2.40 (.92)
lllusion of control M (SD) 1.89 (1.42) 1.86 (1.47)
Optimistic bias M (SD) 3.41 (2.49) 3.61 (.87)
Chance of a police check M (SD) 7.28 (2.56) 6.95 (2.80)
Post-test
Risk perception M (SD) 9.04 (1.46) 9.19 (1.40)




Dejoy seriousness M (SD)
Dejoy involvement M (SD)
lllusion of control M (SD)
Optimistic bias M (SD)
Chance of a police check M (SD)
Additional variables
Gaming frequency N (%)
Never
Very rarely
Only once or twice per week
3-4 times per week
Very often/every day
Alcohol consumption in last month N (%)
Never
Once
2/4 times
2/3 times per week
4/5 times per week
6 or more times per week
Number of drinks N (%)
None
1-2 drinks
3-4 drinks
5-6 drinks
7-9 drinks
10 or more drinks
Relatives driving under the influence N (%)

3.83(.60)
2.85 (.88)
1.67 (1.40)
3.66 (2.44)
7.18 (2.74)

38 (41.3%)

26 (28.3%)

19 (20.7%)
2 (2.2%)
7 (7.6%)

20 (21.7%)
31 (33.7%)
34 (37.0%)
7 (7.6%)
0 (0%)
0 (0%)

21 (22.8%)

54 (58.7%)

11 (12.0%)
4 (4.3%)
2 (2.2%)
0 (0%)

3.87
2.70

(.50)

(.81)
1.53 (1.07)
3.57 (2.65)
6.85 (2.95)

35 (26.7%)
42 (32.1%)
26 (19.8%)
10 (7.6%)
18 (13.7%)

25 (19.1%)

43 (32.8%)

57 (43.5%)
3 (2.3%)
3 (2.3%)
0 (0%)

22 (16.8%)
85 (64.9%)
22 (16.8%)
2 (1.5%)
0 (0%)
0 (0%)

Never 58 (63.0%) 82 (62.6%)
Sometimes 33 (35.9%) 44 (33.6%)
Often 1(1.1%) 5(3.8%)
Very often 0 (0%) 0 (0%)

Looking at the correlations, in the baseline, risk perception correlated negatively with the
illusion of control questions (Table 2). This indicates that increasing levels of risk perception are
associated with a decreasing illusion of control both related to one’s driving under the influence (r =
-.25, p <.001) and to being a passenger in a car driven by a person who is under the influence (r =
-17, p < .05). These two questions were highly correlated (r= .75, p < .001), thus we averaged
them and used a single index of illusion of control in the following analyses. In addition, risk
perception correlated negatively with the first two questions on the optimistic bias, whereas it
correlated positively with the third. These correlations show that increasing risk perception is
associated with a decreasing belief by people that they will be less at risk (r=-.17, p < .05) and
have less severe crashes than their peers (r=-.21, p < .01). These two questions on the optimistic
bias correlated (r = .45, p < .001) and were averaged together for the following analysis. In
contrast, increasing levels of risk perception were associated with participants’ belief that they
would be stopped more than their peers by the police forces (r= .20, p < .01). Finally, risk
perception was correlated negatively with the number of drinks in a typical day when alcohol was
consumed (r = -.16, p < .05) and with the frequency with which participants saw their parents
driving after drinking (r = -.16, p < .05). There was no correlation between risk perception and the
frequency with which participants drunk alcoholic drinks in the last month before the survey.



Table 2. Baseline correlations across the whole sample.

1. 2. 3. 4. 5. 6.
1. Risk perception -- 32%** -.02 .34 -.22%* .20
2. Dejoy seriousness -- .16* -.16* .03 A2
3. Dejoy involvement -- 10 18* .25%*
4. lllusion of control -- 23%** -.09
5. Optimistic bias -- .00

Note: * p <.05; * p <.01; ** p < .001.

In the post-test, participants who simulated driving as sober showed a stronger negative
correlation between risk perception and the two questions on illusion of control (r =-.56, p < .001
for the question about driving under the influence and r = -.50, p < .005 for the question about
being the passenger in a car driven by a person under the influence; Table 3, above the diagonal).
The correlations between risk perception and optimistic bias were more or less in line with those
found in the baseline (r = -.27, p < .01 for the question on the risk of crashing, r=-.21, p < .05 for
the question on how serious a crash could be and r = .25, p < .05 for the question on the likelihood
of being stopped by the police forces). For people who simulated driving as sober, in the post-test,
risk perception was not correlated with alcohol related behaviors (ps = .12 or lower, p = n.s.).

Table 3. Post-test correlations for condition sober (above the diagonal) and under the influence
(below the diagonal) driving simulation.

1. 2. 3 y 5 6. 7 8.
1. Risk ~ 31~ .03 -29+ -30~ 25 -6 M
perception

2. Dejoy *kk *kk *kk

2 ey 42 - 35 01 00 35 14 16
3. Dejoy * *

P -10 03 - 26 11 25 13 -15
4. llusion of o _ 47 14 - 26"  -04  -16  -10
control

5. Optimistic

> -.08 01 07 03 - - 11 05 05
6.Chanceof ;w4 04 -.01 212 - 07 10
police checks

7. Duration 01 A7 =07 -01 05 -.02 - 93**
8. Points lost 04  -17  -09  -01 07 .05 96"

Note: * p < .05; ** p < .01; *** p < .001.

For the participants who simulated the drive under the influence, risk perception correlated
negatively with the two questions on the illusion of control, but these correlations were not as large
as for the people who simulated driving in a sober state (r = -.34, p < .01 for the first question and r
=-.39, p < .01 for the second question; Table 3, below the diagonal). In both conditions, the two
questions on the illusion of control were positively correlated with each other (r= .69, p <.001 and
r=.64, p <.001), therefore we averaged them together in all subsequent analyses. The
correlations between risk perception and the questions measuring optimistic bias were not as clear
for participants simulating the drive under the influence as much as they were for those simulating
the drive in a sober state. For the first questions relative to the chance of being involved in a crash
the correlation was negative and significant (r=-.18, p < .05), whereas for the second question on
the likelihood of causing serious crashes the correlation was almost zero (r < .10, p = n.s.). Finally,



there was a larger, positive correlation between risk perception and the question measuring the
likelihood of being stopped by the police forces while driving under the influence (r= .29, p <.001).
Regression analyses

We first restructured the dataset in long form to have pre- and post-test measures in the
same column for each participant. Afterwards, we run a series of within-subjects linear regression
models in R (R Core Team, 2020) using the 1me4’ package (Bates et al., 2015). In each model we
controlled for the random effect of the participant and included the duration of the simulated drive
as a covariate.

In the first model, we included as predictors the condition (driving: sober vs. drunk), the
session (pre- vs. post-test), gender and the interaction between condition and session with risk
perception as the dependent variable. In the second model, we added the interactions between
condition and gender and between session and gender (we also tested a model including the
three-way condition x session x gender, but this effect was not significant). Finally, in the third
model, we added illusion of control and in the fourth model we added optimistic bias. Results are
reported in Table 4. In the first model, there were significant effects of session (X?=5.98, b = -.40,
SE = .13,t=-3.02, p <.01) and gender (X?=13.72, b = .52, SE = .14, t = 3.70, p < .001), while the
effect of condition was not significant. The interaction between condition and session was quite not
so significant (X?= 3.59, b = .33, SE = .17, t = 1.90, p < .06). The duration of the session on the
simulator was not significant. These results indicate that risk perception was lower after the
session in the simulator than before it and it was higher for women than men. Although the
interaction was not significant, it shows that the decrease of risk perception after the session in the
simulator is almost completely accounted for by the participants in the control condition, those
simulating a drive in a sober state.

In the second model, we found significant effects for session (X?= 6.06, b = -.55, SE = .16, t
=-3.48, p < .001) and gender (X?=13.78, b = .52, SE = .23, t = 2.26, p = .02), whereas the effect
of condition was not significant. In addition, the interaction between condition and session was
significant as well (X?=4.55, b= .37, SE = .17, t = 2.13, p = .03; see Figure 1). Pairwise analyses
with Bonferroni correction for multiple comparisons showed that the difference between baseline
and post-test was significant for the participants who simulated driving in a sober condition (lower
risk perception after the driving session, t = 3.05, p = .003, d = .35), whereas the same difference
was not significant for participants who simulated driving under the influence (t = .30, p=.77,d =
.03).

In the third model, illusion of control was significant and the effects that emerged in the
previous model were still significant as well. People with a higher illusion of control tended to
perceive the risk of driving under the influence as lower (X?=30.33, b =-.23, SE = .04, t=-5.51, p
<.001). Finally, in the fourth model, the effects of both illusion of control (X2= 2743, b=-22, SE =
.04, t=-5.24, p < .001) and optimistic bias (X*=5.87, b =-.04, SE=.02, t =-2.42, p = .02) were
significant. All effects from previous model were also significant except for the interaction between
condition and session that was quite not as significant anymore (X?=3.53, b = .34, SE= .18, t =
1.88, p = .06).
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Table 4. Within-subject linear regression models.

(1) (2) 3) (4)
95% 95% 95% 95%
B b (SE) C.L B b (SE) C.l) B b (SE) C.L B b (SE) C.L
9.02***  [8.70, 9.02***  [8.66, 9.57***  [9.17, 9.70***  [9.29,
Intercept 00 “qe) 935 00 19y  939] 90 (200 996 0 (21) 10.11]
Condition ) ) [-.38, .03 -39, -.04 [-41, -.05 [-.42,
(sober = 0: drunk =1) 03 -06(16) “o5 01 o) a4y 92 (190 33 02 (19 37
Session 17 -.40** [-.66, 23 -55**  [-.87, 97 -.64*** [-.96, 26 -.62*** [-.94,
(baseline = 1; post-test = 0) ’ (.13) -.14] ' (.16) -.24] ’ (.16) -.32] ’ (.16) -.30]
Gender 22 53 [.27, 29 52* [.09, 14 .34 [-.07, 12 .29 [-.12,
(Male = 0; Female = 1) ' (.13) .79] ' (.22) .96] ' (.21) .76] ' (.21) .70]
: . [-.004, .05" [-.003, .04* [-.002, .04 [-.001,
Duration 10 337 (.17) 09] 10 (.03) 10] .10 (.02) 09] .10 (.02) 09]
: ) =23 [-32, - 22" [-.31,
lllusion of control .26 (.04) . 15] .25 (.04) 2 14]
. -.04* [-.08,
Optimistic bias -1 (.02) 214]
e . 337 [-.01, 37" [.03, .36* [.008, 34" [-.02,
Condition x Session A3 (17) 67] 14 (17) 72] 14 (.18) 71] A3 (.18) 69
e i -.25 [-.78, -17 [-65, -.10 [-.58,
Condition x Gender .09 (27) 27] .06 (.25) 71] .03 (24) 38
: .30 [-.05, .36* [.01, .36* [.02,
Session x Gender 10 (17) 64] A2 (.18) 71] A3 (.18) 72]
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Additional analyses

A last within-subjects linear regression model was run including condition, session,
the seriousness subscale of the Dejoy inventory (DedJoy, 1989), gender, and the two-way
interactions between condition, session, and the Dejoy (DeJoy, 1989) seriousness subscale
(a model with the three-way showed that this effect was not significant). We also included
the same covariate as in previous analyses. The results showed significant effects of
session (X?=11.66, 8=-.91, b=-2.17, SE = .64, t=-3.41, p <.001, 95% C.I. = [-3.42, -
.92]), gender (X?=12.77, 3= .18, b= .45, SE= .12, t = 3.57, p < .001, 95% C.I. = [.20, .69]),
and Dejoy seriousness subscale (X?=3.94, 8= .16, b= .34, SE=.17,t=1.99, p < .05, 95%
C.I. =[.002, .67]). This last effect indicated that participants expecting to incur in more
serious events while driving perceived a higher risk. Finally, both the interaction between
condition and session (X?=4.33, 8=.13,b=.35 SE=.17,t=2.08, p = .04, 95% C.I. = [.02,
.68]) and the interaction between session and Dejoy seriousness subscale (X?= 8.05, 8 =
.75, b= .46, SE=.16,t=2.84, p =.005, 95% C.I. = [.14, .68]) were significant. In relation to
the latter, we run a slope analysis showing that the effect of the subscale was significant
both sessions but more so in the post- than in the baseline (respectively, b = .43, SE= 12, t
=3.47, p <.001, 95% C.I. = [.001, .67] for the baseline and b = .90, SE = .13,{=7.00, p <
.001, 95% C.I. = [.48, 1.11] for the post-test; see Figure 2).
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1 2 3 4 5

Dejoy seriousness
Figure 2. Interaction between session and seriousness subscale of the Dejoy.

Discussion
In the present study we investigated whether asking soon-to-be drivers to complete a drive

on a simulator could impact their risk perception about driving under the influence and the biases
that are associated with it (e.g., illusion of control and optimistic bias). Specifically, we measured
the baseline risk perception and biases before randomly assigning the participants to one of two
between-subjects conditions: drive simulating a sober versus intoxicated state. Afterwards, we
assessed risk perception and biases again to assess the effect of the simulated drive. Our results
partially confirmed our hypothesis. We found that, overall, the risk perception of driving under the
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influence was quite high therefore making it unlikely to find that simulating a drive under the
influence could increase it significantly. However, what we found was a significant interaction
between condition and session (baseline versus post drive on the simulator). Participants in the
control condition, where they were simulating driving in a sober state, had a lower risk perception
after the drive than at baseline (while no difference emerged for participants in the experimental
condition, where they were simulating a drive under the influence). A potential explanation for the
high level of risk perception is that participants have not had a real-world driving experience since
the survey on the knowledge of the rules of the road is done before in-car practice starts. This
could also explain the reduction in risk perception among participants in the control condition.
Simulating a drive in a sober state could have been the first driving experience and it may have
made participants underestimate the risk of driving under the influence. In contrast, simulating the
condition of driving while intoxicated seem to have achieved the goal of at the very least avoiding a
decrease in risk perception.

Furthermore, in the first regression model we found an effect of gender showing that risk
perception was higher among women than men. This result is consistent with previous work on risk
perception, and particularly work related to the risk associated with driving (Brookhuis & De Waard,
2011; Gonzalez-Iglesias et al., 2014; Marcil et al., 2001). Finally, once we added to the model both
the illusion of control and the optimistic bias, the interaction between condition and session was not
significant anymore indicating that these two variables' effect on risk perception explained a portion
of the variable that was explained also by our independent factors. This result is consistent with
literature showing that drivers, and more so younger ones, tend to feel excessively in control and to
think that negative events on the road are more likely to happen to other drivers. Indeed, higher
risk perception was associated with a lower illusion of control and a lower optimistic bias.

Since more and more driving simulators are available at home (as videogames) or in
driving schools (as learning tools), the finding that simulating a drive in a sober state leads to a
reduced risk perception leads to call into question their use, at least before a young driver has not
yet started driving a real car. The psychological literature suggests that a good driving simulator
can speed up learning by allowing people to repeat the same actions many more times than what
they could do on the road when, early on, they also need someone to supervise them. However,
the simulator may also take away the physical sensation of driving and the feeling that one could
be hurt if something goes wrong. Therefore, future work should investigate more systematically
whether the simple drive on the simulator could be a predictor of a reduced risk perception of
driving under the influence and whether this happens to all drivers or only to those who have no
actual experience of real-world driving. In other words, is the simulator creating a feeling of
familiarity with the act of driving that reduces the perception of risk in novice drivers or is it
something related to the lack of physical consequences that could be applied to all drivers?
Understanding these implications is fundamental to understand how and when to use a driving
simulator as a teaching tool.

The results of the analyses with the Dejoy scale seem to confirm our conclusion that driving
the simulator can influence risk perception through a reduction of the perception of the seriousness
of the negative events that can happen on the road. We found a general effect of the seriousness
subscale, such that increasing perception of the seriousness of the events that can happen on the
road is associated with higher risk perception. However, the drop in risk perception for participants
that perceived seriousness as low was larger in the post-test compared to the baseline. This
suggests that indeed driving the simulator could cause a reduction of risk perception when people
perceive the seriousness of the consequences as low. Importantly, our work also showed that
simulating a drive in an intoxicated state can prevent this drop in risk perception of driving under
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the influence, thus showing that simulators can indeed have a useful role with younger drivers.
Limitations and future directions

Among the limitations of this study, there are our limited ability to recruit participants, and
the inherent limitations of the software used to simulate driving under the influence. Regarding
recruiting, we were able to maximize it under the circumstances in which we were operating, thus
testing two participants at the time. Since there are batches of 15-20 prospective drivers that take
the quiz at each time slot, a dedicated space with more personnel and simulators would have
allowed to reach an even larger group of people. Regarding the simulation of the intoxicated
driving, one of the modifications to the software was to delay and exaggerate the effect of the
inputs made by the driver thus simulating the slowed reaction times. Of course, this is the opposite
of what happens when a driver is under the influence. In a real-world scenario, the slowed reaction
times and presence of mind would lead to delayed reactions to what is happening on the road.
However, the manipulation of the way the controls react is the easiest way to manipulate this
aspect of driving but for making the drivers drink alcoholics (something that would have not
received the approval of our ethical committee). Still, future work may try to make the experience
even more real, potentially increasing the likelihood of having the desired effect to increase risk
perception regarding driving under the influence. In this respect, a possible direction would be to
use virtual reality (VR) to create an even more immersive experience. We considered this option
when building the study but ultimately decided against it on the basis that it would have required a
longer training session, and that VR could cause nausea in people that are not used to it.

Despite these limitations, we believe that our work provides an important contribution to the
literature showing that driving simulators can be used with goals that go beyond the mere teaching
of how to operate the controls of a car — indeed, in this regard simulators can be a source of
reduced risk perception at least among driver without experience on real cars and roads.
Developing software that simulates the experience of being under the influence could be an
effective way to sensibilize prospective drivers since it can be done in places like the DMV where
all young people have to go to take their knowledge test. Furthermore, it does not require to make
the drivers drink real alcohol or to set up a private course to ensure that participants would drive in
safe and controlled conditions.
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