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Abstract: The following study will explore the link between mindfulness, driver inattention and a number of driving
performance variables that were tested using the SIMUVEG driving simulator. 67 subjects between the ages of 19 and
27 completed the mindful attention awareness scale, attention-related driving errors scale and attention-related
cognitive errors scale questionnaires, and were evaluated in two driving performance measures: time to line-crossing
and mean speed. The results did not show a correlation between driving performance and mindfulness measures; they
did show low but significant correlations with driver inattention measures. A regression analysis suggested that the
specific measure of driver inattention is a predictor of driving performance, but the more general measures are not.
These results are relevant to the assessment of psychological variables associated with driving performance.
1 Introduction

Over the past decade, there has been exponential growth in research
on mindfulness and its applications. It has been associated with
enhanced well-being, health, creativity, performance and attention,
among other variables [1–3]. Mindfulness refers to paying
conscious attention to an experience without judging it. Although
there is not one universally accepted definition of mindfulness, the
various definitions that do exist all characterise it as ‘being aware
of and paying attention to the present’ [1]. Mindfulness is
exercised in some recreational activities, such as meditation, and in
everyday activities, such as eating and, of course, driving.

The possibility that mindfulness is related to driving performance is
very appealing. It represents a departure from the usual discussion of
the influence of negative factors (distraction, cognitive workload and
perceptual complexity) on driving; instead, mindfulness offers a
positive message: a greater focus on present circumstances would
mitigate negative factors and improve driving performance. This
hypothesis is especially attractive considering that, in principle,
individuals can be trained to be mindful, meaning that a driver’s
behaviour can be improved through techniques such as meditation.
In fact, Abdul Hanan et al. [4] have already advanced this
hypothesis with respect to driving performance. They have
suggested that mindfulness may be useful for predicting speeding
behaviour. As noted by these authors, drivers should be alert and
attentive to what happens in the current moment in the environment
to choose the right action or focus and be fully aware of what is
happening here and now. In short, mindful drivers are less prone to
crashes. Should mindfulness have demonstrable potential, it could
become a very valuable tool to improve driving performance and,
consequently, reduce accidents. A review of the literature on driver
distraction focused on situational awareness carried out by Kass
et al. [5] recommends training in Mindfulness for novice drivers,
because they hypothesise that this might help them to focus on the
stimuli most relevant for driving. In a further study, Kass et al. [6]
found that drivers who received Mindfulness training had greater
situational awareness and better performance in a simulated driving
environment than did a control group. Consistent with these studies,
Feldman et al. [7] found that individuals with lower mindfulness
reported more frequent texting-while-driving. These studies
suggest a link between Mindfulness and driving behaviour.
Driving is a complex process that involves several perceptual,
attentional and motor subtasks. It is well-known that attention (i.e.
selective attention) is a fundamental ability for driving. Drivers
must be able to select relevant stimuli and ignore those stimuli that
are irrelevant to the task (distractors), adapting their behaviour to a
constantly changing environment and anticipating future hazards
[8]. When attention fails, there can be serious consequences,
especially in critical situations. In fact, recent studies suggest that
driver inattention is a factor in 80% of collisions and 65% of near
crashes [9, 10].

Although there is not a general consensus on the driver inattention
definition, it can be characterised as insufficient or no attention, to
activities that are critical to safe driving [11]. This can be
voluntary or involuntary, and have external causes (such as some
incident on the road or engaging in a secondary task while
driving) or internal (such as fatigue, alcohol or a driver’s own
stable traits). As Ledesma et al. [12] note, individual traits have
not been studied as much as other possible sources of inattention,
and it would be interesting to explore whether people who are
prone to attentional failures in everyday life also demonstrate that
tendency behind the wheel. Authors provide a scale to measure
this concept in the driving context (ARDES, attention-related
driving errors scale) [12]. The ARDES is a self-reporting measure
that assesses individual differences in a person’s proneness to
commit attention-related errors while driving. This scale has been
tested in several studies, showing that it has correct psychometric
properties and that it is useful for evaluating individual differences
with regard to driver inattention [12–15]. It is worth noting that in
the original study of Ledesma et al [12] found that ARDES
correlated significantly with the mindful attention awareness scale
(MAAS) [1] one of the most popular evaluation measures of
mindfulness that is focused on assessing one’s attention/awareness
of the present, and with the attention-related cognitive errors scale
(ARCES) [16], which measures cognitive errors in general (e.g.
everyday performance failures) that are not tied to a specific
situation.

With regard to driving performance, three subtasks are usually
mentioned as important to maintaining control of a vehicle:
maintaining longitudinal control (i.e. controlling speed);
maintaining lateral control (i.e. staying in one lane); and avoiding
obstacles. The hypothesis to be tested in this paper is whether the
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previously mentioned attentional and mindfulness scales are related
to driver performance in two of these key aspects: longitudinal and
lateral control. Speed, one of the variables related to longitudinal
control, has already been associated with mindfulness by [4]. It
would appear that the variable lateral control would be correlated
as well, since attention to the present would help one maintain the
continuous control required of it. The third important driving
subtask, avoiding obstacles, was not covered in this study but
should be the objective of subsequent research planned in the future.

The performance variables were evaluated in a driving simulator
to approximate real life situations. In brief, subjects responded to
the previously mentioned scales and drove in a driving simulator.
We expect that the scores on the scales will correlate with the
performance measures taken in the driving simulator.
Fig. 1 SIMUVEG driving simulator
2 Method

2.1 Description of the study

In this study, subjects completed a number of questionnaires that
evaluate mindfulness and inattention (described further in the
measurements section that follows) and drove in a SIMUVEG
driving simulator [17] for approximately 20 min. Subjects were not
given any special instructions beyond being told to drive as they
normally would in the situations presented to them by the
simulator. These situations are based on real traffic accidents that
can be avoided by driving normally, hence they are standard
situations, neither easy nor difficult. To control the effect of being
evaluated on their behaviour behind the wheel, half of the subjects
completed the questionnaires before taking a turn on the simulator
and the other half did hence afterwards.

Driving simulation is used in numerous experimental tests
concerning road safety all over the world. Moreover, it is proven
that there is a correlation between the measures obtained in a
simulator and the measures obtained in real road tests. Driving
simulation also provides a lot of advantages, among other aspects,
it enables subjects to drive in practically the same situations;
therefore it strongly enhances data comparison.

2.2 Participants

72 subjects from the City of Valencia, Spain, participated in the
study; five, however, were discarded because of incomplete data.
All participants were required to have a valid driver’s license.
Subjects were recruited by students enrolled in a research course.
Students in the course contacted other students not in the course
and brought them to the driving simulator facilities. The age of
participants ranged from 19 to 27; the mean age was 22 (DS =
1.69). Participants had their driver’s licenses for an average of
3.22 years (DS = 1.69), with 8 years being the maximum. In terms
of gender, 35 participants were female and 32 were male.

Subjects were healthy and were encouraged to wear corrective
lenses if they had them. None experienced severe symptoms of
simulator sickness, but some did describe low levels of
discomfort; even in these cases, though, it was not an issue that
prevented the subject from going through with the test.

2.3 Test materials and equipment

The high-fidelity SIMUVEG driving simulator (see Fig. 1) was used
for this study. This is a fixed platform simulator with three 6 × 1, 5 m
screens that completely cover a participant’s field of vision under
normal conditions. Three 2000 lumen XGA projectors display
three-dimensional (3D) images in real time. The images were
created with software developed in-house [18]. The projectors run
on a standard computer that is connected to a Renault Twingo
automobile with sensors on the steering wheel, brakes, throttle and
so forth. The car features manual transmission, a rearview mirror
and two side-view mirrors. The driving simulator’s audio system
reproduces 3D audio and Doppler effects.
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There are two SIMUVEG scenarios: first, a low traffic highway
part designed to acquaint the subject with the basics of driving in
the simulator; and second, a two-way rural road part that presents
several traffic events, such as a truck stopped on the verge of a
lane, a tailing car, curves and so on. The first 4.5 km of the total
18 km were used for training purposes; we did not evaluate
driving performance while training. The training track takes place
on the same rural road as the test track and gives subjects a feel
for operating the simulator, including steering, braking, speeding
and so forth.
2.4 Measures

Three kinds of measures were taken in this study: general questions
about the subject; inattention and mindfulness self-rating scales; and
driving simulator performance measures.
2.5 General questions

Subjects responded to questions about their driving experience and
habits. This study, however, did not analyse these responses.

† How long have you been driving?
† Driving frequency (1 = almost every day; 2 = some days a week;
3 = some days a month).
† Kilometres driven per week.
† Have you ever got a traffic ticket? (1 = No; 2 = Yes, once; 3 = Yes,
more than once).
† Have you ever experienced a significant distraction while driving?
† Do you use your mobile telephone while driving?

2.6 Inattention and mindfulness scales

The following scales were used to measure inattention and
mindfulness.

MAAS: The Mindful-Attention Awareness Scale [1],
Spanish-language version [19]. The MAAS has 15 items that
evaluate general awareness and attention to current events and
experiences. All items are negatively worded (e.g. ‘I find it
difficult to stay focused on what’s happening in the present’) and
were reversed for the analysis. In this study, subjects responded
to MAAS items using a 5-point scale, from ‘almost never’ –1– to
‘almost always’ –5–. It should be noted that we chose not to
reverse the results in the scale as is customarily done in other
studies, and therefore the scores in this study reflect
absentmindedness rather than mindfulness. In our sample, the
scale had a Cronbach’s α of 0.82.
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Table 2 Spearman correlations among the variables in the study

ARDES ARCES MAAS MS MTLC

ARDES 1.00
ARCES 0.597** 1.00
MAAS 0.523** 0.617** 1.00
MS 0.253* 0.241* 0.165 1.00
MTLC −0.320** −0.166 −0.078 −0.419** 1.00

Table 1 Descriptive statistics for the variables in the study

Min. Max. Mean SD Asymmetry

MAAS 21.00 56.00 35.04 8.36 0.47
ARCES 16.00 50.00 28.14 7.83 0.50
ARDES 19.00 50.00 30.95 6.79 0.37
MS 61.17 105.69 82.05 9.68 0.70
MTLC 3.69 51.20 12.55 8.95 2.39
ARDES: The ARDES [12], was used to assess driving
attention-related errors. This scale’s 19 items refer to
non-intentional driving errors resulting in whole or in part from
attentional failures (e.g. ‘At a street corner, I fail to realise that a
pedestrian is crossing the street’). Participants were asked to read
each item and indicate on a 5-point scale the frequency with
which the described situations happened to them, ranging from
‘never or almost never’ –1– to ‘always or almost always’ –5–. In
this study, this scale’s Cronbach’s α was 0.82.

ARCES: The ‘Attention-related cognitive errors scale’ [16] is a
12-item scale describing everyday performance failures arising
directly or primarily from brief failures of sustained attention. For
example, one item reads: ‘I have absent-mindedly placed things in
unintended locations (e.g. putting milk in the pantry or sugar in
the fridge)’. As in the MAAS and ARDES, participant’s used a
5-point scale to indicate the frequency with which the described
situations happened to them, ranging from ‘never or almost never’
–1– to ‘always or almost always’ –5–. In the present study, this
scale’s Cronbach’s α was 0.89.

2.7 Driving simulator performance

Driving simulators offer a number of potentially useful measures to
evaluate performance [20]. In this case, ‘Speed’ was chosen as a
measure of longitudinal control. The variant of ‘time to line
crossing’ (TLC) [21] described below was used to evaluate lateral
control. Note that in a driving simulator measures are evaluated
continuously, providing several values per second. Since the data
analysis we carried out was at the subject level, we needed to
summarise the values in some way. The data reduction process we
used is described below.

Mean speed (MS): The SIMUVEG simulator measures mean
speed as the average of maximum speeds computed every ten
meters of driving. This value is very close but not equal to the
simple average speed computed by dividing the total distance
travelled by the total time. It is assumed that low values in this
measure are related to increased mental workload, and that drivers
often try to compensate for increased workload by reducing speed
[20].

Average of minimum TLCs (MTLC): This measure is based on the
TLC used for measuring lateral control. Thus, the minimum TLC
value is calculated every ten meters as an indicator of the
maximum risk of driving off the road. An average for all the
maximum values is calculated per subject. High values in this
variable can be interpreted as associated with good lateral control,
whereas low values would imply repeated episodes of bad lateral
control.

2.8 Data analysis

Correlation coefficients were calculated between the simulator
performance measures (MS and MTLC) and the MAAS, ARDES
and ARCES scales. In addition, a linear regression analysis was
undertaken to determine whether a combination of the scales can
serve as predictors of performance in the driving simulator
(predictor variables: ARDES, MAAS, ARCES; Dependent
variables: MTLC, MS; Method: Enter).
3 Results

Descriptive results are shown in Table 1. The values are for 67 valid
subjects. Note the high value of asymmetry in the MTLC variable
(2.391) and the moderate positive asymmetry values of the other
variables.

Pearson and Spearman correlations were calculated among the
variables. Small differences probably because of slightly
curvilinear relations between the variables were found between the
two types of correlations; consequently, we decided to report only
ordinal correlations. These are shown in Table 2 with significant
correlations flagged with asterisks (*<0.05;**<0.01). The pattern
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of the correlations is rather simple, with self-rating scales on
mindfulness and inattention displaying strong correlations between
them, and performance measures (MS and MTLC) showing
moderate correlations between them. The ARDES scores, on the
other hand, correlated significantly with MS and MTLC, although
these correlations were rather moderate. Finally, the ARCES score
correlated significantly with MS− again, only moderately− but
not with MTLC.

The regression analysis of the total sample suggested that ARDES
is a significant predictor of MTLC (standardised β =−0.42;
t =−2,51, p<0.05), but MAAS (β = 0.17; t =−1.08, p > 0.05) and
ARCES (standardised β = 0.02; t = 0.09, p > 0.05) are not. With
respect to the MS variable, no significant effect was observed in
any of the scales: ARDES (β = 0.02; t = 0.14, p > 0.05), MAAS
(β = 0.01; t = 0.04, p > 0.05), ARCES (β = 0.14; t = 0.79, p > 0.05).
4 Conclusions

As we have discussed in the introduction, the idea of a connection
between mindfulness and driving is very attractive because it
opens up the possibility of training the individuals in being more
focused in the present moment and consequently being more
attentive in risk situations.

Unfortunately, our study does not lend this hypothesis much
support. The results indicate that there were no significant
correlations between the MAAS scores (the typical method for
measuring mindfulness) and the two driving performance
measures. Rather, the results indicate there were significant
correlations between the driving performance measures and the
ARDES, a questionnaire that is specifically designed to measure
inattention while driving. On the other hand, a more general
inattention measure (one designed to measure inattention while
performing everyday activities) was correlated with only one of
the driving performance measures (MS-mean speed) but not the
other (MTLC-average of minimum TLCs). This suggests that
specific measures of inattention while driving have a greater
potential to predict some general aspects of driving performance
than more general inattention measures, such as the ARCES.
Finally, the mindfulness measure was not associated with these
two performance indicators.

However, despite these conclusions, we do not believe the matter
has yet been settled. The current study has several limitations and
therefore its conclusions should be regarded as preliminary and
subject to modification based on future research. In particular, we
see that this study has limitations in terms of the driving
performance measures taken, the effects of training, the sampling
and the different effects on groups. These limitations are discussed
below.

In this study, we worked with only two general driving
performance parameters, one related to longitudinal control (MS)
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and the other with lateral control (MTLC). Although these two
parameters are essential to driving, it is debatable how important
they are to good driving. For instance, with respect to speed, the
optimal speed value is unclear, and driving too fast as well as too
slow can be considered bad driving. This reasoning leads us to
consider the need to study possible non-linear relationships
between speed and the mindfulness and inattention measures in
greater detail. There is a hint of this type of relationship in the fact
that ordinal correlations showed stronger effects than linear
correlations, suggesting a more complicated association between
the variables than the one hypothesised here. With respect to
MTLC, given the correlation found with MS, there exists the
possibility that its correlation is partially dependent on MS;
consequently, a model that includes it would be of interest.

Further, both of these measures are general driving measures. It
can be argued, therefore that the concepts discussed herein are
only relevant in specific situations where attention or focus on the
present may make more of a difference. In short, although
avoidance of obstacles is another key component of driving, we
simply did not consider it here. Therefore measures such as
reaction to hazards or to conditions that require monitoring, such
as changes in the speed limit, would be more sensitive than the
ones used here. Including subtasks as part of the test situation,
such as responding to a phone call or paying attention to an
in-vehicle information system [22, 23], might be of interest here.

In addition, in this study we have only measured the level of driver
mindfulness and inattention, and we have correlated it with the
indicators. It would be interesting to also see if the manipulation
of these levels, via mindfulness training for drivers or perhaps in
techniques for avoiding distractions, impacts performance. Our
results suggest that it might be useful to focus on things that cause
inattention while driving, but this would have to be tested in a
future study.

Yet another limitation of this study is that we used a convenience
sample comprised of young people to represent the general
population of drivers. It is possible that the effects we explored are
not strong enough to reveal themselves in this sample, but they
could possibly manifest themselves in samples of special groups
of drivers, such as those with a history of accidents or with
cognitive or health problems [24]; if this were the case, such
results could lead to measures that would benefit such drivers by
helping them compensate for their debilities. On the other hand,
mindfulness could be an interesting concept for explaining why
young people are more involved in traffic accidents, despite being
a group age with similar or even higher mental resources than the
older group ages.

Finally, as is the norm with driving simulator studies, it should be
stressed that the findings ought to be confirmed in real-life settings.
In the particular case of this study, naturalistic driving [25] might
provide the ideal framework, in combination with the
methodology used here, for further research.
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