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"Mind, Brain and Behavior Research Center (CIMCYC), University of Granada, Granada, Spain, ?Presentia, Mindfulness
training, Granada, Spain

Risky decision-making is highly influenced by emotions and can lead to fatal consequences.
Attempts to reduce risk-taking include the use of mindfulness-based interventions (MBI),
which have shown promising results for both emotion regulation (ER) and risk-taking.
However, it is still unclear whether improved emotion regulation is the mechanism
responsible for reduced risk-taking. In the present study, we explore the effect of a 5-week
MBI on risky driving in a group of repeat traffic offenders by comparing them with
non-repeat offenders and repeat offenders without training. We evaluated the driving
behavior of the participants through a driving simulation, and self-reported emotion
regulation, both before and after the intervention. At baseline, poor emaotion regulation
was related to a more unstable driving behavior, and speeding. The group that received
mindfulness training showed improved performance during risky driving situations and
had fewer accidents, although their overall driving behavior remained largely unchanged.
The observed trend toward improved emotion regulation was not significant. We discuss
whether other effects of MBI — such as self-regulation of attention — could underlie the
observed reduction in risky driving in the initial stages. Nonetheless, our findings still
confirm the close relationship between emotion regulation skills and risky driving.

Keywords: mindfulness, risk-taking, repeat traffic offender, emotion regulation, attention regulation

INTRODUCTION

Daily life involves constant decision-making with regard to what actions to take and some
situations can lead us to take certain risks, e.g., when we are in a rush or in a bad or even
euphoric mood. In fact, the factors that modulate the process of risky decision making
include emotion (Angie et al., 2011; Engelmann and Hare, 2018), impulsivity (Nagin and
Pogarsky, 2003), and self-regulation (Kelley et al., 2015). Driving is an example of a typical
everyday risk-taking scenario, where the most extreme consequences are fatal accidents,
estimated at 1.35 million deaths each year (World Health Organization, 2018). Careless driving
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behavior has been identified as one of the reasons why people
take more risks at the wheel and suffer more road accidents
(Taubman - Ben-Ari et al,, 2016), while speeding has also
been linked to higher accident and fatality rates (OECD, 2018).

In driving environments in particular, risky driving and
low perception of risk have been found to be influenced by
emotions (Nesbit et al., 2007; Megias et al., 2011, 2014; Jeon
and Zhang, 2013) and emotion regulation (ER; Navon and
Taubman - Ben-Ari, 2019), where ER represents the ability
to recognize one’s own emotions and to know how to express
and experience them in an adaptive and flexible way (Gratz
and Roemer, 2004). Several studies have found that the use
of appropriate ER strategies is associated with a safer driving
behavior, while difficulties in ER, such as not being aware
or able to control impulsive behavior or emotional responses,
has been linked to risky driving behavior and traffic violations,
for instance exceeding speed limits and mobile use while
driving (Hancock et al, 2012; Trogolo et al., 2014; Sani
et al., 2017; Seibokaité et al., 2017; Parlangeli et al., 2018;
Navon and Taubman - Ben-Ari, 2019).

Due to the influence of ER on risky driving, one promising
strategy for reducing road fatalities could be the use of
interventions that, through the improvement of ER skills, lead
to safer driving behavior (Feldman et al., 2011; Koppel et al.,
2019). One way of enhancing these skills could be the use of
mindfulness-based interventions (MBI), which have been found
to produce an improvement in ER (Eberth and Sedlmeier,
2012), even in clinical populations with ER difficulties (Garland
et al, 2017; Vanzhula and Levinson, 2020). Mindfulness can
be defined as the act of deliberately paying attention to the
present moment, with acceptance, openness, and without
judgment (Kabat-Zinn, 2005). This deliberate attention involves
self-regulation of attention (Tang et al., 2007, 2015; Gil-Jardiné
et al., 2017), a fundamental process for the adaptive execution
of driving, where attention regulation is essential (Groeger, 2001).

Mindfulness, understood as a trait, is the natural mindful
tendency of each individual (Brown and Ryan, 2003) and has
been negatively related to risky driving (Feldman et al., 2011;
Panek et al., 2015; Koppel et al., 2018; Murphy and Matvienko-
Sikar, 2019). In a review of effective interventions for reducing
driving anger, Deffenbacher (2016) concluded that MBI reduced
anger and facilitated more adaptive expression of anger in
drivers (Diebold, 2003; Kazemeini et al., 2013). Some studies
have also found that MBIs improve performance on driving
simulators, although methodological limitations, such as a very
low number of participants and the lack of baseline measurements
as in Kass et al. (2011), or the application of only a 10 min
mindfulness meditation as in Reynaud and Navarro (2019),
and the scarcity of research in this field mean that no firm
conclusions can yet be drawn on this issue (for a review, see
Koppel et al., 2019).

Thus, in the light of these findings, we aimed to test
the effectiveness of a MBI in reducing risky driving behavior
in a group of repeat traffic offenders, measuring behavioral
change through a driving simulation. This type of measurement
has been used to study real driving behavior, with a
correspondence between real and simulated driving

(Meuleners and Fraser, 2015; Branzi et al., 2017). Specifically,
the Honda Riding Trainer (HRT) simulator, used in the
present work, has been used to study the processes underlying
driving skills (Di Stasi et al., 2010, 2011) and for training
in safer driving (Tagliabue et al, 2019). Furthermore,
we hypothesized, based on previous research (Koppel et al.,
2019), that ER skills would improve and that safer driving
is encouraged through improved ER.

MATERIALS AND METHODS

Participants

Our sample was composed of 89 participants (29 women; age
range between 18 and 63 years, M = 34.39, SD = 14.57) recruited
in an online survey from the University of Granada (students,
teachers, and administration staff), as well as during a rehabilitation
course run by a driving school, where drivers recover their
points lost because of traffic rule violations. All participants
were drivers with a valid driving license. The greater number
of men represents the gender differences in driving violations
present in the population (Health and Safety Executive, 2002;
World Health Organization, 2020).

To group drivers into repeat and non-repeat offenders,
we used the following self-reported traffic violations as criteria:
attendance of a rehabilitation course for drivers at least once,
a loss of points according to the Spanish penalty system for
traffic rule violations, being fined at least twice for risky driving
behavior (alcohol or drug use, not using a seat belt, or exceeding
speed limits), or reporting as having usually exceeded speed
limits by more than 20% of the permitted speed. Sixty repeat
offenders, meeting at least one of these criteria, and 29 non-repeat
offenders, meeting none of these criteria, completed the baseline
and post-intervention evaluations.

Half of the risky drivers were selected for a 5-week MBI
program dependent on their weekly availability, which was
established prior to testing, to gather the greatest number of
participants for the intervention groups. At four different time
points along the 2-year period of data collection, we grouped
the participants who coincided at the same weekday availability,
resulting in a quasi-randomized controlled trial. The drop-out
rate of the mindfulness training following the second session
was 6 out of the 30 participants.

Thus, in the current study, we compared the following three
groups: non-repeat offenders (NR, N = 29), repeat offenders
(R, N = 30), and repeat offenders who received mindfulness
training (R-M, N = 30; see Table 1 for more details).

Questionnaires

We used two complementary questionnaires, focusing on the
awareness of emotion and its regulation and different types
of ER strategies, respectively.

Self-Reported Traffic Violation
To group participants into repeat and non-repeat offenders
they reported on demographic variables (sex and age), km
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TABLE 1 | Demographic variables and driving experience (mean and standard
deviation).

NR R R-M
Age 32.38 (14.6) 35.03 (14.66) 35.7 (14.75)
Sex (women/men) 11/18 6/24 12/18
Education level 3.55'(0.51) 3.67'(0.61) 3.4'(0.62)
Estimated km 228867.24 324144.83 373083.33
driven in life (424848.94) (401172.55) (606785.13)
Interval of

estimated km 5.1%(2.82) 6.59"(3.21) 5.83“(3)

driven per year by
car

“Education ranged from 2 (Primary studies) to 4 (Superior level studies).
“Km driven/years is measured in estimated intervals, with 5 = 6,000-9,000;
6 =9,000-12,000; and 7 = 12,000-15,000 km.

driven per year and in life, months of holding a driver license,
number of rehabilitation courses, number of lost points, number
of traffic fines, and frequency of exceeding speed limits.

Difficulties of Emotion Regulation Scale

The Spanish version of the Difficulties Emotion Regulation
Scale (DERS; Gratz and Roemer, 2004; Gomez-Simo6n et al.,
2014) measures different negative aspects of emotion recognition,
control, and regulation strategies. The 36-item questionnaire
consists of six subscales, using a five-point Likert scale from
1 (Almost never, 0-10%) to 5 (Almost always, 91-100%)
evaluates the following: Lack of emotional awareness (six items),
Impulse control difficulties (six items), Non-acceptance of emotional
response (seven items), Difficulties engaging in goal-directed
behavior (five items), Lack of emotional clarity (five items),
and Limited access to emotion regulation strategies (seven items).
The internal consistency of the scale is adequate (Cronbach’s
a = 0.88).

Cognitive Emotion Regulation Questionnaire

The Spanish version of the Cognitive Emotion Regulation
Questionnaire (CERQ; Garnefski et al., 2001; Dominguez-Sanchez
et al, 2013) measures different types of ER strategies. The
36-item questionnaire consists of nine subscales with four items
each, using the same five-point Likert as the DERS: Self-Blame
(Cronbach’s « = 0.61), Rumination (Cronbach’s a = 0.74),
Catastrophizing (Cronbach’s o = 0.72), Other-Blame (Cronbach’s
a = 0.79), Acceptance (Cronbach’s a = 0.64), Positive reinforcing
(Cronbach’s « = 0.89), Refocus on planning (Cronbach’s & = 0.83),
Positive reappraisal (Cronbach’s o = 0.8), and Putting into
perspective (Cronbach’s « = 0.83). The first four and the remaining
five subscales were grouped into negative and positive ER
strategies (Cronbachs a = 0.89/0.79, respectively), respectively,
as suggested by the original authors (Garnefski et al., 2001).

Driving Simulation

For the driving simulation, we used the HRT motorcycle
simulator, which consists of a seat, handlebar, pedals, accelerator,
brakes, turn indicators, and claxon (see Di Stasi et al., 2009;
Megias et al., 2017, for more details). All participants rode

through the same three different traffic scenarios in a
counterbalanced order to measure driving behavior in different
contexts: two urban scenarios, one by day and the other by
night, and a mountain road scenario. Each of these scenarios
contained a total of eight risk situations, such as crossing
pedestrians or obstacles on the road, and was approximately
5-10 min long depending on the type of scenario, speed,
crashes, and variability of the course taken by the participant.
They were projected on the wall in front of the participants
seated on the motorcycle simulator at a distance of 185 cm
on a 110 x 180 cm screen, with a refresh rate of 30 Hz and
a resolution of 1,024 x 768 pixels.

Indices calculated from data recorded by the HRT included:
average and variance of speed (km/h), of speed in a risk
situation (km/h), and of exceeded speed limits (km/h), length
of time spent exceeding speed limits (sec), average throttle
rotation (%), variance of steering wheel (rad), front and rear
brake force (kg), number of accidents, and the average rating
of performance in each risk situation, calculated by the HRT,
ranging from A (good performance) to D (accident), taking
into account variables, such as speed when entering the risk
situation and distance to crash with an object. This last value
is coded from 1 to 4 with lower values indicating greater
risk-taking and worse performance in a risk situation. Exceeded
speed limits, speed in risk situations, and performance ratings
are calculated for the two urban courses only, since the HRT
software does not register measures of speed limits or risk
situations in the mountain road scenario.

Mindfulness-Based Training

The mindfulness-based training was adapted from the
Mindfulness-Based Stress Reduction (MBSR) program widely
used in research (Kabat-Zinn, 2003). The program length
was reduced to 5 weeks with 3-h weekly sessions due to
the availability of the participants. The sessions were prepared
by an instructor with extensive experience in mindfulness-
based training and were delivered by the instructor herself
(CVL) and another instructor (ECV) with experience in
the MBSR program. To avoid the influence of researcher
bias, neither of the instructors was involved in the data
collection. The sessions were designed to enhance situation
awareness and included meditation and yoga practice
(attention to breathing, body scanning, yoga, and guided
meditation), group discussions, and training in ER, as well
as the importance of focusing on what happens in the
present moment both inside and outside, and pausing to
take a breath before observing and finally selecting the
appropriate response.

Procedure

The participants were selected according to their self-reported
traffic violations, which were requested by means of an
online survey (see participants section). The baseline and
post-intervention evaluation was the same. Participants came
to the research center and, as a part of a broader project,
filled in the questionnaires and completed the driving
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simulation, with the order based on the availability of the
facilities (HRT and computer room) and participants’ temporal
availability. The average interval between both evaluations
was approximately 4 months (Mean = 142.26 days, SD = 69.15)
and varied across the participants due to their availability.
Therefore, the length of this interval was included as a
factor in the data analysis.

Data Analysis

As in the literature recommended, we used an intention-to-
treat approach (Gupta, 2011), analyzing participants who
dropped-out in the R-M group.

JASP statistical software (Version 0.11.1, JASP Team, 2020,
freely available at https://jasp-stats.org/) and R Studio (RStudio:
Integrated Development for RStudio, Inc., Boston, MA, 2016,
freely available at http://www.rstudio.com/) were used for
analyses, along with p value null hypothesis statistical testing
(NHST) and Bayesian methods.

We found no differences between the three groups in terms
of gender (Pearson’s y* = 3.291, df = 2, p = 0.193), education
level (Kruskal Wallis H = 0.832, df = 2, p = 0.66), age
[F(2, 86) = 0.421, p = 0.658], or driving experience [km driven
in life: F(2, 85) = 0.664, p = 0.518; km/year by car: F(2,
85) = 1.751, p = 0.18].

Mixed-factor ANCOVAS were conducted to analyze the
effect of the intervention on the driving behavior indices
and the ER strategies. The experimental design includes time
(baseline and post-intervention evaluation) and subscales as
within-subject factors, and group (NR, R, and R-M) as
between-subject factors, using age and interval between
evaluations as covariates. To support our hypothesis with
Bayesian methods, the Bayes Factor (BF,,) was calculated for
all possible models compared to the null model, as well as
the BFpquion for each predictor (Wagenmakers et al., 2018;
Bergh et al, 2020), estimated across all matched models
following Sebastiaan Mathod (Bergh et al., 2020).

For variables with significant time x group interactions,
mediation analysis was conducted. To explore the magnitude
of the intervention effect, an ANCOVA was carried out on
the Behavior Shift Index (BSI; Li et al., 2018), defined as the
magnitude of change between baseline and post-training
evaluation [(Valueperine — Value oq-isaining)/ (ValUeyagerine + Value o,
waining)] With group as the between-subjects factor and age and
interval between evaluations as covariates.

As accident rate is not a continuous variable, these rates
are analyzed by categorizing the difference between baseline
and post-intervention evaluation into improved (difference > 0),
unchanged (difference = 0), and worse performance
(difference < 0). A multinomial regression was conducted, and
risk ratios were estimated with group (NR, R, and R-M) as
the between-subjects factor and age and interval between
evaluations as covariates.

Finally, we explored whether ER and driving behavior are
related, conducting a partial correlation analysis between the
BSI values of all questionnaire subscales and the driving behavior
indices, using age as a covariate. We also confirmed a general

relationship between ER and the driving behavior indices at
baseline in the whole sample (Supplementary Material).

RESULTS

Effect of the Intervention on Emotion
Regulation and Driving Behavior

Analysis of the driving performance ratings revealed a
time x group interaction [F(2, 84) = 3.919, p = 0.024, #*> = 0.085,
BFpdusion = 2.255], as well as a main effect of age
(F(1, 84) = 24.798, p < 0.001, #* = 0.228, BF,quon = 4166.733,
best model BF,, = 4503.795; Figure 1A]. Mediation analysis
revealed differences between baseline and post-intervention
evaluation in the R-M group [F(1) = 10.642, p = 0.003] and
no differences between the two control groups (p > 0.4). The
ANCOVA on BSI scores, indicating the magnitude of changes,
revealed a main effect of group [F(2, 84) = 4.062, p = 0.021,
7* = 0.088, BFusion = 1.993] and no main effect of age [F(2,
84) = 2.869, p = 0.094, 17> = 0.033, BFypqu0n = 0.57; Figure 1B].

No significant time x group interaction effects (p > 0.1) were
found for the remaining indices, although a significant main effect
of age was found (p < 0.001). However, since the performance
rating is based on other indices during the risk situations,
we observed strong associations between all of these indices and
the baseline performance ratings (Pearsons r: min = —0.338,
P <0.001, max = —0.847, p < 0.001; Table 2), while the improvement
in performance rating measured with the BSI is also associated
with the BSI of the other indices (Pearson’s r: min = —0.253,
p < 0.05, max = —0.624, p < 0.001; Table 2), which is even
stronger and more consistent in the R-M group (Pearsons r:
min = —0.407, p < 0.05, max = —0.835, p < 0.001; Table 2).

The multinomial regression analysis of the differences in accident
numbers between baseline and post-intervention evaluations revealed
differences between the R-M and both control groups in the
comparison between worse and better performance (AIC = 196.67,
R-M vs. R: 1.851, p = 0.016, 95% CI = 0.347-3.355; R-M vs.
NR: 1.464, p = 0.046, 95% CI = 0.029-2.9), while the control
groups did not differ from each other (R vs. NR: —0.387, p = 0.58,
95% CI = —1.756-0.982; Figure 1C). Comparing the outcomes
of more and fewer accidents using the relative risk ratios, R are
6.368 times, and NR are 4.325 times, more likely to have more
accidents compared with the M-R group.

No time x group interaction effect was found for ER [DERS:
F(2, 84) = 2.264, p = 0.11, 5> = 0.051, BFp,qus0n = 0.396; CERQ
positive: F(2, 84) = 0.788, p = 0.458, 7 = 0.018, BFjyqus0n = 0.07;
and CERQ negative: F(2, 84) = 1451, p = 0.24, #* = 0.033,
BFpdusion = 0.091]. However, there was a tendency for the R-M
group to show improvement in the DERS and the negative
scales of the CERQ, which can be observed in Figure 2.

In summary, participants who were trained in mindfulness
do not show differences in ER but showed improved performance
in risk situations and had fewer accidents in comparison with
both control groups. It is also worth noting that while age is
an important factor in the prediction of driving behavior, this
factor has almost no influence on the magnitude of improvement
observed as a consequence of the intervention.
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DISCUSSION

In the current study, we explored the effect of MBI on
driving behavior and ER. We evaluated the performance
on a driving simulation and self-reported ER scores of a
group of repeat offenders trained in mindfulness and compared
these measures with those of two control groups, one of
repeat offenders and another of non-repeat offenders.
We found that the intervention had an effect on accidents
and evaluation of performance in risk situations, but no
effect on ER and most of the behavioral indices. However,
driving indices were closely related to the performance
ratings at baseline, while the magnitude of change was related
to the one of performance ratings, being greatest in the
mindfulness trained group.

Effect of Intervention on Driving Behavior

The R-M group of our study had fewer accidents and performed
better in a risk situation, although no differences were found
in terms of the other driving indices, such as speed, acceleration,

and driving direction. However, these indices are closely related
to performance ratings in risk situations, and the magnitude
of change observed in these measures is strongly associated
with the change in performance ratings in the R-M group,
pointing to the possibility that most of the indices are enhanced
in a similar way. As mentioned earlier, the length of the
intervention could have played a role in the non-significance
of some of these effects, which might be greater in a
follow-up study.

Previous research on the effect of mindfulness training on
driving behavior is still scarce. In fact, there is only one study
exploring changes in driving simulation, which found a
(non-significant) reduction in traffic violations in students
enrolled in a Buddhism course (Kass et al., 2011). Since these
authors reported high correlations between situation awareness
of the driving simulation and the scores in mindfulness and
concentration, the mechanism of driving improvements through
meditation training might be due to the greater attention paid
to risk factors on the road (Kass et al., 2011), which would
also be consistent with our results.
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TABLE 2 | Relationship between evaluation of performance in risk situations, as calculated by the Honda Riding Trainer (HRT), and other HRT indices.

Average Variance Average Variance Average Variance Length of Mean Front Variance  Accidents
speed speed speed risk speedrisk exceeded exceeded time spent throttle brake (kg) steering (sum)
(km/h) (km/h) situations  situations speed speed exceeding (%) wheel
(km/h) (km/h) limits limits speed (s) (rad)
(km/h) (km/h)
Evaluation of
performance
in risk -0.752" -0.549™ -0.847" -0.6117 -0.642" -0.528" -0.762" -0.563" -0.338" -0.691" -0.473"
situation
(1-4)
Comelations g4 _oo6" 0624  -0318° 0184  —0219°  -0258 0278 0082  —-0434" -
of BSI values
Correlations
of BSlinthe  -0.685 —0.453" -0.835" -0.542" —0.231 -0.317 —0.438" -0.407" -0.322 -0.528" —
R-M group

“p < 0.001; 'p < 0.05.

Rear Brake Index did not show any significant relationship. Behavior Shift Index (BSI) for accident rate could not be calculated as variable is not continues. Partial correlation
coefficient reported represent Pearson’s 1, except for accident rates where Spearman’s rho is reported.

Furthermore, our findings showed that age is one of the
most important predictors of risky driving behavior on the
simulator, characterized by speeding, an instable direction,
and low evaluations in the performance in risk situations,
which is in line with previous research (Jonah, 1990; Rhodes
and Pivik, 2011). However, we did not find an effect of age
on the magnitude of change produced by the intervention,
which suggests that MBI is equally beneficial for all age
groups. This could have practical implications for the design
of new intervention programs that are primarily aimed at
youths and novice drivers, who are the groups that suffer
the most fatalities (World Health Organization, 2018).

Effect of the Intervention on Emotion
Regulation

In the present study, we found no differences in ER following
the 5-week MBI, although the pattern of results points to
less ER difficulties and a reduction of negative ER strategies,
such as ruminations, catastrophizing, and blaming oneself
or others. Studies with a longer intervention - usually
8 weeks - have found enhanced ER (for a review, see Roemer
et al., 2015). Thus, the lack of significant findings reported
here could be due to the length of the intervention, since,
even after 5 weeks, we were already able to observe some
effects of the intervention.

In the driving context, research has focused on driving
anger and aggressive driving, applying a wide variety of
approaches, including behavioral, cognitive, and relaxation
techniques (for a review, see Deffenbacher, 2016). The first
studies to apply MBI found improvements in driving anger
(Diebold, 2003; Kazemeini et al, 2013). However,
methodological limitations, such as small sample sizes and
the sole use of questionnaires make it difficult to draw any
firm conclusions.

Moreover, training in mindfulness may not only reduce
driving anger, but might also produce other changes in ER
strategies that affect aberrant driving behavior. Thus, it is

important to measure changes in emotion regulation or
expression in general. This issue was addressed in a study
with Chinese bus drivers, where cognitive therapy, using
the same type of ER instruction as that used in the present
intervention, resulted in the greater use of positive ER
strategies (Feng et al,, 2018). These findings may help to
explain the differences we found in the observed changes
associated with the distinct ER strategies. Positive regulation
strategies, such as positive reappraisal, may be enhanced by
the components of cognitive therapy used in the MBI. On
the other hand, mindfulness meditation itself could enhance
ER processes, such as emotional awareness and clarity,
impulsive control, and acceptance of emotional responses,
as well as reduce negative ER strategies. This would be in
line with neuroscientific approaches, where two different
mechanisms have been suggested for the enhancement of
ER through mindfulness top-down and bottom-up processes
(Chiesa et al., 2013; Guendelman et al., 2017).

Emotion Regulation as a Mechanism of
Improvement

Taken together, our results provide first evidence of a
behavioral change following MBI in repeat offenders, a high-
risk group for road accidents and fatalities. Since in the
current study, behavior is measured in a simulated traffic
environment, and not only with questionnaires or decision-
making tasks, the results are promising and suggestive of
real-life behavior. Additionally, it should be noted that, even
though a motorcycle simulator was used, these results may
indicate safer driving behavior in general, as well in other
vehicles such as cars and bikes.

Although research has pointed to ER as the mechanism
underlying safer driving behavior (Feldman et al, 2011;
Koppel et al, 2019), our results only indicate a
(non-significant) tendency for less ER difficulties and the
use of fewer negative ER strategies, such as rumination,
catastrophizing, and self- and other-blame.
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FIGURE 2 | Differences in the emotion regulation (ER) scales between the baseline and post-intervention for each group. Total scores are presented for the
Difficulties Emotion Regulation Scale (DERS; A) and the positive (B) and negative (C) scales of the Cognitive Emotion Regulation Questionnaire (CERQ).

We hypothesize that the first behavioral changes may be faster
and easier to measure than differences in ER, which may
be more stable over time. The improvements in attentional
control, which are enhanced by MBI (Tang et al, 2007;
Malinowski, 2013), might be greater in these first weeks,
generating better performance in risk situations, and thereby
leading to fewer accidents. By paying more attention to road
signals, conditions, and signs of risk, they may have improved
risk perception, and thus, drive safely (Kass et al, 2011).
Changes in ER could require more practice and thus may not
be directly responsible for the behavioral changes we found
in the present study. Nonetheless, our baseline correlations
between ER and driving indices of the driving simulation
(Supplementary Table 1) suggest an association between ER
and driving behavior. Therefore, more research is needed to
identify the precise mechanism by which mindfulness training
can enhance safe driving behavior.

Limitations

Although our findings indicate that MBI lead to a safer
performance in risk situation, more research is needed to
confirm our results and to study long-term effect. Since
our sampling was based on the temporal availability of the
participants, complete randomized trials are needed with a

greater number of participants, as well as studies using
longer MBI programs, to explore whether longer training
improves ER and other indices of driving behavior.
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