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Abstract

When examining the causes of motor vehicle crashes, the fact that driver-related factors are at the forefront makes it reasonable to
investigate the driver behavior in improving traffic safety. The purpose of this research is to examine the relationships between mindful
driving attitudes, prefrontal cortex functions, trait mindfulness and driver behaviors. A total of 528 drivers (62.9% male and 36.9 female)
who have been actively driving for the past year participated in the study. The assessment instruments were: Sociodemographic Form,
Mindful Driving Attitudes Scale (MDAS), Driver Behavior Scale (DBQ), Prefrontal Cortex Functions Scale (PCES) and the Five Facet
Mindfulness Questionnaire - Short Form (FFMQ-S). Path analysis was conducted to identfy the pathways from mindfulness to positive
and negative driver behaviors. The results showed that the fit of the data to the model was quite good. In other words, while mindfulness
predicts prefrontal functions, prefrontal functions predict mindful driving attitudes, and mindful driving attitudes significantly predict
positive and aberrant driver behaviors. In addition, the sequential mediating effects of other variables from mindfulness to positive and
abberrant driver behaviors were also found to be significant. In other words, prefrontal cortex functions and mindful driving attitudes
significantly mediate the path from mindfulness to aberrant driver behaviors. Also, prefrontal cortex functions and mindful driving
attitudes significantly mediate the path from mindfulness to positive driver behaviors. These findings suggest that a driver candidate
training enriched with mindfulness practices could be used to train safer drivers.
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Bilgece farkindalik ile siiriicii davranig1 arasindaki iligkide prefrontal korteks islevleri ve bilgece farkindalikla siiriictiliik tu-
tumlarinin ardigik aracilik etkisi

0Oz

Trafik kazalarinin nedenlerine bakildiginda sirtictilere bagh 6geler bast cekmektedir. Bu nedenle de trafik glivenliginin gelistirilmesi icin
strtct faktorinin incelenmesi 6nemlidir. Bu arastirmanin amact, bilgece farkindaliga dayali (prososyal) siirticti tutumlari, prefrontal kor-
teks islevleri, bir kisilik 6zelligi olarak bilgece farkindalik ve siirticti davranslart arasindaki iliskileri incelemektir. Calismaya, son bir yildir
aktif arac kullanan 528 (% 62 erkek ve % 36.9 kadin) strtct katilmistir. Veri toplama aract olarak; Sosyodemografik Form, ¢alismanin
temel degiskenlerinden olan ve trafik adabini/prososyal tutumlart lcen Bilgece Farkindalikla Siiriiciiliik Tutumlart Olgegi (BFSTO),
Siirticii Davransslart Olgegi (SDO), Prefrontal Kortex Islevleri Olgegi (PKIO) ve Bes Faktorlii Bilgece Farkindalik Olgegi- Kisa Form
(BFBFO-K) kullanilmistir. Calismada, bilgece farkindaliktan olumlu ve olumsuz siiriicii davransslarina giden yollari belirlemek amaciyla
yol analizi yapilmistir. Sonuglar, verinin modele uyumunun oldukea iyi diizeyde oldugunu géstermistir. Diger bir deyisle, bir kisilik 6zelligi
olarak bilgece farkindalik, prefrontal korteks islevlerini; prefrontal korteks islevleri, bilgece farkindalikla strticiiliik tutumlarint yorda-
makta; bilgece farkindalikla stirtictlik davranislart ise olumlu ve sorunlu siiriicti davranslarint anlamli olarak yordamaktadir. Ayrica, kisilik
Szelligi olan bilgece farkindaliktan olumlu ve sorunlu siiriicii davranislarina giden diger degiskenlerin siralt araci etkileri de anlamli bulun-
mustur. Bagka bir ifadeyle, bir kisilik 6zelligi olarak bilgece farkindaliktan sorunlu stiriicii davranislarina giden yolda, prerontal korteks
islevleri ve bilgece farkindalikla siirticilik tutumlart anlamli olarak aracilik eden degiskenler olarak cikmustir. Ek olarak, kisilik 6zelligi olan
bilgece farkindaliktan olumlu siiriicti davranislarina giden yolda da prefrontal korteks islevleri ve bilgece farkindaliga dayals stirtict tutum-
lart anlamli olarak aracilik etmektedir. Bu bulgulardan yola ¢ikarak, bilgece farkindalik egzersizleriyle zenginlestirilmis bir strtict egitiminin
daha giivenli siriicilerin yetistirilmesinde katkisi olacagt dustintilmektedir.

Anahtar kelimeler: trafik gtivenligi, bilgece farkindalikla (mindful) strticti tutumlari, stirticti davransglari, siirticti aday1 egitimi, bilgece
farkindalik, prefrontal korteks islevleri

INTRODUCTION World Health Organization (WHO, 2023), road traffic
crashes are now the 12t leading cause of death globally
for people of all ages. More alarmingly, road traffic injuries
are the leading cause of death among children and youth

aged 5 to 29 years, making this issue not only a public

“Man drives as be lives.”
(Lillman and Hobbs, 1949, p.329)

Road traffic injuries represent a persistent and growing
threat to global public health. Every year, millions of lives
are affected by road crashes—either through fatalities, se-
rious injuries, or long-term disabilities. According to the

health crisis but also a significant barrier to sustainable de-
velopment and human capital investment. Despite ad-
vancements in vehicle safety technologies and road infra-
structure, disparities in traffic safety laws, enforcement,
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and emergency care continue to widen the gap between
high-income and low- and middle-income countries—
where over 90% of road traffic deaths occur. Exceeding
the speed limit, driving under the influence, non-use of
helmet (adult), non-use of seat-belts, distracted driving are
among the most important risk factors highlighted in the
report (WHO, 2023). Approximately half of all road traf-
tic deaths and an even greater proportion of serious traf-
fic-related injuries occur in urban areas, where high pop-
ulation density and mixed traffic conditions increase the
risk of crashes (Dimitriou and Gakenheimer, 2012). “Hu-
man factors” are one of the leading contributors to road
traffic craches. For example, Dingus et al. (2016) stated
that the role of human error in traffic crashes is 90%, de-
spite all the developments in technology, automotive in-
dustry, the improvements related to vehicles and roads
(intelligent transportation systems, adaptation of artificial
intelligence to vehicles, etc.). Therefore, understanding
driver behavior is crucial.

Driver behavior is simply defined as "what the driver
does" (Evans, 2004). Driver behaviors include aberrant
behaviors such as lapses, errors and violations in traffic,
as well as positive behaviors like trying to help and being
polite to other road users in traffic (Reason et al., 1990;
Ozkan and Lajunen, 2005). Errors can be defined as “the
failure of planned actions to achieve their intended conse-
quences” and are not intentional behaviors (e.g., misjudg-
ing the speed of an oncoming vehicle when overtaking;
Parker and Manstead, 1996). Violations are deliberate de-
viations from those practices believed necessary to main-
tain the safe operation of a potentially hazardous system
(Reason et al., 1990). For instance, they include disregard-
ing the speed limit, not stopping even though the traffic
light is red, or driving especially close to the car in front in
order to signal its driver to move over. Lapses, which only
cause embarrassment and discomfort to the actor, include
items such as switching on the headlights when intending
to switch on the windscreen wipers (Reason et al., 1990).
The relevant literature shows that among these behaviors,
violations are especially associated with crash involvement
(Patker et al., 1995; Reason et al., 1990).

As studies in the literature show, driver behavior is also
influenced by culture (Boyce and Geller, 2002; Fuller,
2011; Hennessy, 2011; Lonero and Clinton, 1998; Ozkan
and Lajunen, 2011). In addition, especially since the 2000s,
a new model including interdisciplinary analysis and inter-
pretation became dominant in studies which investigate
traffic and road safety. In this model, it is seen that culture,
especially traffic culture, is associated with traffic safety
(Ozkan and Lajunen, 2011). Traffic culture can be con-
ceptualized as an artifact of cultural heritage, and the cur-
rent environmental conditions, including the socio-eco-
nomic and political climate (Ozkan and Lajunen, 2015).
Therefore, the definition of “safe driver” may also vary
depending on the characteristics of the culture in which
people live.

It can be assumed that prosocial traffic attitudes like
values and norms are also related to traffic culture. In
other words, prosocial traffic attitudes can be conceptual-
ized as internalizing and following traffic regulations with-
out the fear of traffic police or the fines and exhibiting

habitual behaviors that require mutual communication
and understanding in traffic (Hatipoglu and Yasak, 2016).
Numerous studies in the literature have investigated the
role of prosocial attitudes in promoting safe driving be-
haviors and they suggest that individuals who exhibit
greater concern for the well-being of others are more
likely to engage in risk-reducing practices on the road (Ge
et.al, 2021; Kaye et.al, 2022). One study found that drivers
with high prosocial tendencies consistently exhibit safer
and more cooperative behavior, even under conditions of
heavy traffic. These drivers were more likely to maintain
safe distances and adapt appropriately to changing traffic
conditions. On the other hand, drivers with low prosocial
attitudes were found to maintain smaller transverse dis-
tances between vehicles in high-density traffic, a behavior
that may significantly increase the likelihood of collisions
and lane-change conflicts (Ge et.al, 2021).

In the current study, it is assumed that the concept of
“mindful driving attitudes”, which by definition includes
concepts such as empathy, benevolence, responsibility,
and tolerance, would be representative of prosocial behav-
iors and would be related to trait mindfulness and pre-
frontal cortex functions. In the related literature, minful-
ness is defined as a much more inclusive concept than
“awareness”, which is related to consciousness. The term
mindfulness is explained as being able to stay in the pre-
sent moment, observing whatever comes to mind or ex-
perienced in the body without judgment and with com-
passion. Through mindfulness, attention is directed to
whatever is happening in the body, in the mind, or in the
external environment at that moment. In summary, min-
fulness is a process in which the content of these mind-
body observations is accepted with curiosity, understand-
ing, and compassion, without judgment, analysis, or reac-
tion (Kabat-Zinn, 2003). It is stated that people with
higher trait mindfulness scores have higher levels of per-
sonal control, empathy, sense of autonomy, better regula-
tory functions, higher self-esteem, life satisfaction, rigor,
clearer and better perception of personal competence, and
optimism (Bowlin and Baer, 2012). In a review study ex-
amining the relationship between mindfulness and road
safety, it was revealed that mindfulness exercises which
help in increasing minfulness as a trait would be beneficial
in preventing distracted driving (Koppel et al., 2019). An-
other study found that people with higher trait mindful-
ness were less likely to engage in aberrant driver behaviors
such as violations, aggressive driving, errors, lapses, and
phone use (Murphy and Matvienko-Sikar, 2019). In addi-
tion, higher trait mindfulness was found to have a negative
relationship with abberrant driver behaviors such as driv-
ing anger and following the other driver too closely (Ste-
phens et al., 2018).

Based on the above literature, the current study intro-
duces two other variables hypothesized to be related to
driver behaviors. These are mindful (prosocial) driving at-
titudes and prefrontal cortex functions. There is an abun-
dance of research showing that mindfulness is linked to
executive functions and has an impact on the functional
integrity of the prefrontal cortex (Keng et al., 2011; Lyvers
et al., 2013). Studies investigating the role of the brain in
interpersonal communications such as understanding an-
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other person's perspective, empathy, resolution of moral
relationships, conscience, gratitude, guilt, shame, and fear
also showed that the prefrontal cortex has an important
role in all these processes (Barrasso-Catanzaro and Es-
linger, 2016; Siegel, 2007; Seigel, 2009). Other complex
cognitive functions such as attention, memory, decision
making, reasoning, planning, foresight, and problem solv-
ing are also regulated by the prefrontal cortex. It can be
said that the role of the prefrontal cortex in human behav-
ior is very vital because of its relationship with the regula-
tion of mind-body functions, effective communication,
response flexibility, emotional regulation, insight, fear re-
duction, intuition and conscience (Siegel, 2007). The re-
lated literature shows that there is a relationship between
the prefrontal cortex functions and social and agressive
behaviors, and lack of empathy (Sterzer et al., 2007). In
addition, studies using brain imaging techniques have re-
vealed that there is a robust relationship between mind-
fulness practices and prefrontal cortex activity. Studies
also showed that profrontal cortex functions are associ-
ated with emotion regulation and mindfulness (Hisli Sahin
et al., 2023; Creswell et al., 2007; Lutz et al., 2014). Based
on the above literature the main purpose of the current
study is to investigate the relationship between prosocial
driving attitudes, conceptualised in this study as mindful
driving attitudes, trait mindfulness, prefrontal cortex func-
tions, and positive and abberrant driver behaviors.

METHODS

Participants

A total of 528 people aged between 18-65 (M = 36.47, §D
= 13.03), who had driver's license and had been driving
for at least one year, participated in the study. As shown
in Table 1, 332 (62.9%) of the participants are male, 195
(36.9%) are female. The mean period for which partici-
pants held a driving license was 12.96 years (§D = 11.37).
In addition, 62.5% of the participants were college gradu-
ates; 82.5% defined their socioeconomic status middle. In
addition, 54.2% reported driving almost every day, and
36% reported that they drove an average of 1000-5000
km. per year.

Measures

Sociodemographic Form This form, prepared by the re-
searchers, is intended to determine sociodemographic
characteristics such as age, gender, marital status, educa-
tional level, and perceived socioeconomic status, years of
driving, prequency of driving, and involvent in crashes.

Driver Behaviours Scale (DBQ) The scale was devel-
oped by Reason et al. (1990) to determine the type and
frequency of the errors, lapses, and violations drivers
make. The Turkish adaptation of the 28-item scale was
carried out by Sumer et al. (2002). They found a two-fac-
tor structure: Errors (o = .79) and violations (x = .80).
Ozkan and Lajunen (2005), on the other hand, after add-
ing some more items, made it into a 42-item scale and
found a third dimension naming it positive driver behav-

Table 1. Summary Statistics of Drivers’ Demographic
Information and Driver Features (N = 528)

N %
Gender
Male 332 629
Female 195 369
Others 1 0.2
Age (years)
18-30 years 220 417
31-40 years 92 17.4
41-65 years 216 409
Education level
Primary school 13 2.5
Junior high school 20 3.8
High School 101 19.1
Undergraduate 330 625
Postgraduate 64 12.1
Socio-economic status
Low 30 5.7
Middle 450 825
High 47 8.9
Unknown 1 0.2
Kilometers driven in the last year
<1000 km 89 16.9
1000-5000 km 190  36.0
5001-15000 km 138 26.1
>15000 km 111 21.0
Driving Frequency
Per day 286  54.2
About 3 to 4 days a week 109 20.6
About 1 to 2 days a week 74 14.0
A few times a month 38 7.2
Very rarely 18 3.4
Unknown 3 0.6
Crash involvement within the past 3 years
Yes 121 229
No 406 769
Unknown 1 0.2
Traffic fines (last 3 years)
Yes 212 40.2
No 315 59.7
Unknown 1 0.2

iors (Cronbach's alpha = .84).

In the context of driving behavior, errors and viola-
tions are considered to be two separate forms of aberra-
tion (Reason et al., 1990; Ozkan et al., 2005; Youssef et
al., 2023). Errors are defined as unintentional actions that
result from lapses in attention and memory, or misjudg-
ment during driving tasks. In contrast, violations refer to
intentional breaches of traffic rules and deliberate disre-
gard for safe driving norms. Although these two dimen-
sions have distinct psychological underpinnings and may
require different remediation strategies—such as skill
training for errors and attitudinal or legal interventions for
violations—they are both conceptually grouped under the
broader construct of aberrant driving behavior (Reason et
al., 1990; Ozkan et al., 2005; Youssef et al., 2023). In line
with this theoretical framework, we treated errors, lapses
and violations as components of a single aberrant driving
behavior dimension in the current study. The internal con-
sistency of this composite measure was found to be ac-
ceptable, with Cronbach’s alpha coefficient of .86. Thus,
in the current study, the DBQ was handled in the path
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analysis as comprising of two dimensions: positive driver
behaviors and aberrant driver behaviors. The internal con-
sistencies of the subscales were found to be satisfactory,
with Cronbach’s alpha coefficients ranging from .62 to
.80.

Mindful Driving Attitudes Scale (MDAS) This is a self-
report scale developed by Yasak et al. (2022a) after the
Turkish Ministery of Education approached the first au-
thor requesting a booklet that would be used in the driver
candidate training programs. They were specifically inter-
ested in teaching prosocial driving attitudes. The research-
ers, after investigating the related literature, found that
empathy, communication, basic values, responsibility, re-
specting rights of others, and warning each other were the
variables that should be included in this program and pre-
pared a booklet to be used in the training (Hatipoglu and
Yasak, 20106). They were also interested to see how these
variables were perceived by the public. So, they conducted
a pilot study which was published in 2019 (Hatipoglu and
Yasak, 2019). Based on this pilot study, the MDAS was
developed and published in 2022 (Yasak et al., 2022a). The
MDAS is a 4-point Likert type self-report scale consisting
of 33 items. Higher scores indicate prosocial driver atti-
tudes. The scale consists of 4 factors: “basic values” (16
items), “empathy and communication” (8 items), “re-
specting rights of others” (7 items), and “warning each
other” (2 items). Cronbach's alpha coefficients range from
.60 to .80. For the current study, these values ranged from
.60 to .89.

Prefrontal Cortex Functions Scale (PCFS) The PCFS,
developed by Sahin and Ozsoy (2017), is a 29-item self-
report scale rated on a 5-point Likert to measure the ex-
ecutive and regulatory prefrontal cortex functions based
on the Interpersonal Neurobiology approach. The scale
was found to have a five-factor structure: Bodily regula-
tion (x = .80), fear management and intuition (x = .80),
empathy and response flexibility (¢ = .706), insight (« =
.78), and conscience (a = .67). Several studies using the
scale reported reliability scores ranging between .67 and
.93. (Duman and Hisli-Sahin, 2018; Erguler and Durak-
Batigun, 2020; Hisli Sahin et al., 2023; Kaya and Eldogan,
2018; Hisli-Sahin and Varlik-Ozsoy, 2017; Istk and
Incedere, 2016). In the cutrent study, Cronbach's alpha
coefficients of the subdimensions of the scale ranged be-
tween .75 and .90.

Five Facet Mindfulness Questionnaire - Short Form
(FFMQ-S) The 39-item FFMQ-S was developed by Baer
et al. (2006). In another study, it was found that the 20-
item short form of the scale was as valid and reliable as
the original (Tran et al., 2013). In this study, the short
form of the scale adapted to Turkish by Ayalp and Hisli-
Sahin (2018) was used. As a result of the adaptation study,
5 factors were determined. These factors are regulating at-
tention (x = .85), observing without judgement (« = .76),
observing the mind and the body without being affected
(o = .71), sensory awareness (a = .09), and naming emo-
tons (« = .69). In the current study, Cronbach's alpha co-
efficients of these factors ranged from .70 to .89.

Procedure

After obtaining the approval of the ethics committee
(Protocol No: 486; Date: March 1st, 2021) from the
Cankir1 Karatekin University, the data collection phase
was carried out between February and April 2022. The
data was collected online by using the sample of conven-
ience technique, through the use of Surveey.com system.
In order to control for the order effect, besides the De-
mographic Information Questionaire, all of the other
scales were given to the participants in different combina-
tions. The participation was voluntary and the data was
kept strictly confidential. Participants completed the ques-
tionnaires in about 20 minutes.

Data Analysis

Cortrelation analyses, path analysis, and serial mediation
analysis were conducted. Statistical analyses were per-
formed using SPSS-23 and AMOS-21 statistical programs.
Before conducting the analyses, the dataset was reviewed,
and outliers that were outside of the the normal distribu-
tion in both directions were excluded from the dataset,
leading to the fulfilment of the -2 and +2 criteria for
Skewness and Curtosis (George ve Mallery, 2010). There-
fore, the parametric statistics were run for the remaining
528 participants.

RESULTS

Descriptive Statistics on Scales

The means, standard deviations and score ranges of the
scale using the study are given in Table 2.

Relationships Between Variables

A Pearson correlation analysis was performed to deter-
mine the relationships between driver behaviors and other
variables. The results are given in Table 3.

Table 3 reveals that as age and years of driving in-
crease, positive driver behaviors increase and aberrant
driver behaviours decrease. There is also a positive and
significant relationship between the number of crashes
and aberrant driver behaviors (r = .10, p < .01). The rela-
tionship between all subscales and total scores of the
FFMQ-S (except for the observing without judgment sub-
scale) and positive driver behaviors ranged from .10 (p <
.01) to .26 (p < .001). In addition, the relationship between
the FFMQ-S and aberrant driver behaviors ranged from -
09 (p <.05) to -.36 (p < .001).

Significant relationships were also found between the
PCES total and subscale scores and positive driver behav-
iors, ranging from .41 (p <.001) to .18 (p < .001). Similarly,
the PCFS was found to have significant negative relation-
ships with aberrant driver behaviors, ranging from -.38 (p
<.001) to -.16 (p < .001). Additionally, significant positive
relationships ranging from .23 (p < .001) to .40 (p <.001)
were found between the MDAS total and subscale scores
and positive driver behaviors. The relationships between
mindful driving attitudes and aberrant driver behaviors
were found to range between -.14 (p < .001) and -.55 (p <
.001). In addition, the relationships between the PCFS and
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Table 2. Means, SDs, and Score Ranges for All Scales

M M SD Score range Cronbach’s alpha
MDAS-Total 111.25 (3.37) 11.95 67-132 .88
Basic values 55.12 (3.44) 6.55 27-64 .89
Empathy and communication 28.02 (3.50) 3.42 16-32 .68
Respecting rights of others 22.51 (3.21) 413 10-28 73
Warning each other 5.60 (2.80) 1.85 2-8 .60
DBQ
Lapses 6.20 (0.80) 4.51 0-26 .65
Errors 6.47 (0.80) 4.94 0-26 .62
Violations 12.40 (1.03) 8.16 0-44 .80
Aberrant driving behaviors 25.01 (0.89) 14.46 0-88 .86
Positive driving behaviors 49.55 (3.54) 9.25 14-70 .68
PFCFS-Total 109.03 (3.76) 15.11 56-145 .90
Bodily regulation 17.22 (3.44) 3.91 5-25 75
Fear management and intuition 29.61 (3.70) 4.92 13-40 .76
Empathy and response flexibility 21.99 (3.67) 4.31 7-30 .81
Insight 14.93 (3.73) 291 5-20 75
Conscience 25.27 (4.21) 3.78 10-30 .69
FFMQ-S- Total 69.25 (3.40) 9.25 42-98 75
Regulating attention 14.26 (3.57) 4.05 4-20 .89
Observing without judgement 12.07 (3.01) 3.79 4-20 .82
Observing the mind and the body without be-
ing affected 14.17 (3.54) 3.07 5-20 .76
Sensory awareness 14.14 (3.54) 3.28 4-20 .70
Naming emotions 14.62 (3.66) 3.14 4-20 73

Note. MDAS: Mindful Driving Attitudes Scale; DBQ: Driver Behaviours Scale; PFCFS: Prefrontal Cortex Functions Scale; FEMQ-
S: Five Facet Mindfulness Questionnaire- Short Form. *The values in parentheses represent mean scores, calculated by dividing each scale’s total

score by its number of items.

Table 3. Bivariate Correlations Between Study Variables

DBQ- Lapses  DBQ-Errors  DBQ-Violations DBQ-Positive = DBQ-Aberrant
Age (years) - 21k -.08 =17 LIS - 20%%*
Education level .05 -.03 d1ex .01 .08
Years of active driving R -.04 -.06 LA - 12%F
Crash involvement within the past 3 years .04 .04 A3 -.07 10%*
PFCFS-Total - 22%K% - 22%K% VA SIEEES =31k
Bodily regulation - 10%* -.09** L SFEE 18R - 16%**
Fear management and intuition -.20%k - 16%rk - 13%x R - 19%xx
Empathy and response flexibility - 16%F* - 18#Kx AT of | GFeEES - 27THF*
Insight -.08 - 13 oll G G - 18wk
Conscience - 24X - 2T -39 AHIEEES - 38wk
FFMQ-S- Total -.35%F* -.20%F% 200K LG =36
Regulating attention -.33%H* - 22%K% e IR AL - 29k
Observing without judgment -.06 -.08 .05 -01 -.01
Observing the mind and the body s {5k e 1gksx e
without being affected ' ' ’ ' '
Sensory awareness -.04 -.07 -.09* ol (5 -.09*
Naming emotions - 28K - 25%kk a0 i A EES -3
MDAS-Total - 38HHx - 35%F% -5k BHEES =55k
Basic values S A -.26%F* =500k B - 46HRE
Empathy and communication -.38%F* -.35%F% - 42 A0FrE S Yo
Respecting rights of others - 20%F% -.28%F% - 46F* 3t - 43Rk
Warning each other - 12 -.05 - 15wk .03 - 4Rk

*p < .05, ¥Fp < .01, ¥**p < .001, Note. MDAS: Mindful Driving Attitudes Scale; DBQ: Driver Behaviours Scale; PFCES: Prefrontal
Cortex Functions Scale; FFMQ-S: Five Facet Mindfulness Questionnaire- Short Form.

all other scales ranged from .52 (p < .001) to -.39 (p <
.001), while the relationships between FFMQ-S and all
other scales were found to be .52 (p <.001) and -. 35 (p
<.001).

Table 4 presents the bivariate correlations among the
MDAS total score, its subscales (positive and aberrant
driving behaviors), and other key study variables. As
shown, MDAS total scores were positively correlated with

positive driving behaviors (r= .36, p <.01) and trait mind-
fulness (r = .33, p < .01) and negatively correlated with
aberrant driving behaviors (r = —.55, p <.01). These find-
ings support the theoretical link between trait mindfulness
and mindful driving attitudes. Additionally, age showed
significant positive relationship with overall MDAS scores
(r=.206, p <.01), indicating that older participants tend to
report higher levels of mindful driving attitudes. As demon-

120



Yasak et al.

Table 4. Bivariate Correlations Between MDAS Scores and Study Variables

MDAS- Basic Empathy and Respecting rights Warning each
Total values communication of others other
Age (years) 26" 22 28" 16 -01
Education level -15™ -17 -.01 -.10™ -13™
Years of active driving NS oA fIEF LIS 10%* -.04
Crash involvement within the past 3 years S21RRK 20k il Il ol FEE -.08
PFCFS-Total A5 ALHEx S L LIEAES
Bodily regulation LTS LIPS e J4xrx 200
Fear management and intuition oD EES 28%H* LEEES A8 8o
Empathy and response flexibility Koo o R 5 E 20%%% 0%
Insight oGRS P 248 MG N0
Conscience ) 45K 38HH* 0D R AYHE
FFMQ-S- Total GIFEE 5 Bt 2GR .07
Regulating attention 267 N IS LAFEES 5 .04
Observing without judgment -.06 il flitE 07 .02 - 14k
Observing the mind and the body Dk kK Dk 1 ok 09
without being affected ’ ' ' ' '
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*p < .05, ¥Fp < .01, ¥*¥*p < .001. Note. MDAS: Mindful Driving Attitudes Scale; DBQ: Driver Behaviours Scale; PECES: Prefrontal
Cortex Functions Scale; FFMQ-S: Five Facet Mindfulness Questionnaire- Short Form.
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Figure 1. Path Model. Note. N= 528. ***p < .001. Standardized path coefficients among variables are presented. All path coeffi-
cients are statistically significant.

strated in Table 4, minful driving attitudes scores were sig-
nificantly and positively correlated with driving experience
(r= 15, p <.01), indicating that more experienced drivers
tend to display higher levels of mindful driving attitudes.
Conversely, higher levels of education (r = -.15, p < .01)
and a greater number of traffic crashes (r = -.21, p < .01)
were negatively associated with mindful driving attitudes,
suggesting a decline in mindful (prosocial) driving atti-
tudes in those contexts.

Path Analysis

A path analysis was conducted to identify the pathways
from mindfulness to positive and aberrant driver behav-
iors. A single-group path model was tested for the sample.
Goodness of fit indices for the model are presented in Ta-
ble 5. The proposed model is shown in Figure 1. Since the
goodness of fit index values of the baseline model were
acceptable, no error variance associations were made.
The model for the study sample revealed good fit val-
ues (see Figure 1). In this model, mindfulness was signifi-
cantly associated with the prefrontal cortex functions (§ =

49, p <.001) and prefrontal cortex functions were signif-
icantly associated with mindful driving attitudes (§ = .45,
p < .001). Mindful driving attitudes, on the other hand,
were significantly associated with positive driver behav-
iors (§ = .31, p < .001) and aberrant driver behaviors (5 =
-.53, p <.001). Additionally, mindfulness was also signifi-
cantly associated with positive (§ = .16, p < .001) and ab-
errant driver behaviors (§ = -.16, p <.001).

Serial Mediation Analysis

To test the serial mediating effects in the pathway from
mindfulness to positive and aberrant driver behaviors,
95% bias-corrected confidence intervals (BC, CI) were
calculated for the sample, using a bootstrapping method
with 2000 resamples (Shrout and Bolger, 2002). Esti-
mates, standard errors, and Cls of mediation models are
presented in Table 5. Prefrontal cortex functions and
mindful driving attitudes significantly mediated the rela-
tionship between trait mindfulness and aberrant driver be-
haviors (B = -.14, CI[-.17, -.11], p < .001). Additionally,
prefrontal cortex functions and mindful driving attitudes
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Table 5. Model Fitness Index Values for the Sample

X2 df X2/df CFI

GFI AGFI RMSEA NFI IFI

Model 19.80 4 4.95 97

98 94 .08 97 97

Note. CFI: Comparative Fit Index, GFI: Goodness of Fit Index, AGFI: Adjusted Goodness of Fit Index, RMSEA: Root Mean Square
Error of Approximation, NFI: Normed Fit Index, IFI: Incremental Fit Index.

significantly mediated the relationship between trait min-
fulness and positive driver behaviors (B = .07, CIJ[.05, .09],
» <.001).

Table 6. Estimates of Indirect Effects

B (SE) Lower Upper
M — PF — MDA .
— ADB - 14%%%(.02) -17 -11
M — PF — MDA soxk
—, PDB 07+ (.01) .05 .09

Note. M: Mindfulness, PF: Prefrontal Functions, MDA:
Mindful Driving Attitudes, ADB: Aberrant Driver Behav-
iors, PDB: Positive Driver Behaviors. ***p < .001.

DISCUSSION

Safe drivers can be considered as among the most im-
portant factors for a sustainable safe traffic environment
(Dingus et al., 2016; Farooq et al., 2019). Consequently,
the training of driver candidates is undoubtedly curicial
for safe driving. In this context, in Turkey (2015), Private
Education Institutions affiliated with the Ministry of Na-
tional Education carried out major revisions in their train-
ing curriculums (Hatipoglu and Yasak, 2016; Hatipoglu
and Yasak, 2019). Prosocial driving attitudes was added
into this curriculum as a new topic based on the require-
ments and the published regulations of the Ministry (Min-
istry of National Education, 2017). An investigation on
the topic of prosocial driving attitudes revealed that the
topic was studied very limitedly in the field of traffic
safety, within the framework of empathy and altruism (Lu-
cidi et al., 2019; Mallia et al., 2015; Nordfjeern and Simsek-
oglu, 2014; Simsekoglu, 2015; Ulleberg and Rudmo,
2003;). The current study aims to expand the concept of
prosocial driving behavior a little further by relating it to
mindfulness and prefrontal cortex functions, and naming
it as mindful driving attitudes. It was hypothesized that
mindfulness as a trait, prefrontal cortex functions and
mindful driving attitudes would be related to driver be-
haviors.

The results revealed that besides the mentioned varia-
bles, age and education were found to be important vari-
ables to be considered. While age was related to both pos-
itive and aberrant behaviors, education was found to be
related to violations. These findings are supported by
other studies in related literature (Uzumcuoglu-Zihni,
2018; Mesken et al., 2002; Parker et al., 1995; Reason et
al., 1990; Amado et al., 2004; Sumer and Ozkan, 2002;
Yasak et al., 2002). Regarding the association between
mindful driving attitudes and driving behaviors, the cur-
rent study revealed significant relationships in expected
directions, i.e., negative relationship with aberrant driver
attitudes and positive relationship with positive driver be-
haviors. All of the subscales of the MDAS also had signif-
icant relationships in the expected direction with positive
and aberrant driver behaviors, except the “warning each

other” subscale. The relationship between this subscale
and the positive driver behaviors was insignificant.

One of the remarkable findings of this study is the re-
lationship between prefrontal cortex functions and driver
behaviors (positive and aberrant). Our search in the re-
lated literature did not reveal any studies which touched
the subject of prefrontal cortex functions and driver be-
haviors. Most of the studies were based on the relation-
ship between safe driving and empathy, personality, anger,
and mindfulness (Deffenbacher et al., 1994; Koppel et al.,
2019; Lucidi et al, 2019; Notdfjern and Simsekoglu,
2014). The current study revealed a robust relationship of
driver behaviors with prefrontal cortex functions as a total
and with all of its subdimensions like “bodily regulation”,
“fear management and intuition”, “empathy and response
flexibility”, “insight”, and “conscience” (see Table 3).

The second variable of the current study that was hy-
pothesized to be related to driver behaviors is mindful-
ness. Our findings indicated significant positive relation-
ship of mindfulness (total and three subdimensions: “reg-
ulating attention”, “observing the mind and the body
without being affected”, and “naming emotions”) with
positive driver behaviors. However, “observing without
judgement” subdimension did not have a significant rela-
tioship with positive or aberrant driver behaviors. On the
other hand, “sensory awareness” subdimension had sig-
nificant but very low correlations with driver behaviors in
the expected direction (negative relationship with viola-
tions and aberrant driver behaviors and positive relation-
ship with positive behaviors) (see Table 3).

The third variable, mindful driving attitudes, repre-
senting prosocial driving attitudes was also found to be
related to driver behaviors. As expected, mindful driving
attitudes (total and subscales) were found to have robust
relatonships with driver behaviors. The correlations were
negative with aberrant driver behaviors and positive with
positive driver behaviors with the exception of “warning
each other” subdimension which did not have a relation-
ship with any of these behaviors.

Since prosocial driving behavior was the major varia-
ble of a project that was previously proposed to the first
author by the Ministery of National Education, in the cut-
rent study, mindful driver attitudes are treated as both an
independent and a dependent variable. Table 4 shows the
values after correlating this variable with the demographic
variables such as age, education level and years of driving.
The findings showed positive and significant strong rela-
tionship between age and minful driving behaviors like
“basic values”, “empathy and communication”, “respect-
ing rights of others”, and “warning each other.” This is an
understandable result when considering maturity factor
due to age (Murphy and Matvienko-Sikar, 2019; Meital
Navon-Eyal and Ben-Ari, 2020; Shope and Bingham,
2008) and development of the prefrontal cortex which is
also involved in regulating empathic behaviors and emo-
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tions until late twenties (Seigel, 2007). Similar points can
be repeated to explain the positive and significant relation-
ship between years of driving—which can be considered
an indicator of expetience—and mindful (prosocial) driv-
ing behaviors: as years of driving experience increase,
mindful (prosocial) driving behaviors also increase.

However, the relationship between education and
mindful driving behaviors presents a different and unex-
pected finding. Table 4 reveals that as level of education
increases, total mindful driving behaviors, along with the
subdimension of “basic values”, “respecting rights of oth-
ers”, and “warning each other” decrease. This is an intri-
guing finding that may be explained in the contex of the
Turkish culture. It is not an uncommon experience to wit-
ness incidents in big cities, where some people with higher
education feel entitled to be above traffic rules, or even all
rules. This may also be related to the inconsistencies re-
lated to the application of legal rules by the law enforce-
ment authorities or inconsistencies in the quality of edu-
cation between educational institutions.

Furthermore, we also found significant and strong
positive relationships between mindful driving attitudes
and prefrontal cortex functions. The subdimensions, such
as “body regulation”, “fear management and intuition”,

5 ¢

“empathy and response flexibility”, “insight”, and “con-
science”, all were related to the “basic values”, “empathy
and communication”, “respecting the rights of others”,
and “warning each other” subdimensions of mindful driv-
ing (prosocial) attitudes measured by the MDAS. This is
an important finding, considering the neuroplasticity of
the brain and the trainability or the development of the
prefrontal cortex through either mindfulness practices
and/or child rearing practices based on secure attach-
ment. In other words, if mindful (prosocial) driving is es-
sential for road safety, then besides the driver candidate
training programs, there are other dimensions like brain
development and child rearing practices that should be
taken into consideration on a macro level.

There is a robust scientific literature on the importance
of attachment (specifically secure attachment) styles be-
tween the caregivers (later between teachers) and young
children. It has been shown in laboratory studies with an-
imals and cross-sectional research with humans that se-
cure attachment is closely related to prefrontal cortex de-
velopment, which is the regulatory center of the brain and
its functions (Schore, 2001). Secure attachment was also
found to be related to both prefrontal cortex functions
and trait mindfulness, as mediators toward predicting
emotional regulation (Hisli Sahin et al., 2023).

Other very interesting findings of the current study are
the relationships between trait mindfulness and almost all
of its subdimensions, except “observing without judge-
ment.” The other dimensions like, “regulating attention”,
“observing the mind and the body without being af-
fected”, and “naming emotions” were all strongly associ-
ated with “mindful driving behavior.” These findings are
in parallel with previous studies on mindfulness, emo-
tional regulation, and executive functions (Hisli Sahin et.
al, 2023). There could be several reasons for the lack of an
association between “observing without judgement”—an
important dimension of mindfulness—and mindful driv-

ing attitudes; one possible explanation is the low reliability
of the subscale used to measure it. It can also have a cul-
tural explanation. In this culture, observing, developing
opinions, and judging is a very common daily automatic
behavior (Kagitcibast and Cemalcilar, 2016). Therefore,
developing a mindful behavior like “observing without
judgement” can be quite contraty to this automatization.
Another interesting thing that can be observed in Ta-
ble 4 is the relationship between mindfulness as a trait and
mindful driving attitudes. It is seen that event hough the
total score of the FFMQ-S was significantly correlated
with the total score of the MDAS, its correlation with the
“warning each other” subscale of the MDAS was not sig-
nificant. “Warning each other” subdimension of the
mindful driving attitudes was not correlated with the “reg-
ulating attention” and “sensory awareness” dimensions of
the FEFMQ-S. These results might also have several expla-
nations, including cultural factors. It is possible that in this
culture, “warning each other” can be perceived as a so-
cially intrusive or inappropriate behavior that can even
evoke anger (Kagitcibast and Cemalcilar, 2016). It is also
possible that this scale is not tapping very robustly to
“warning each other” variable, indicated by its lower reli-
ability coefficient. On the other hand, the FFMQ-S sub-
dimension of “regulating attention” was found to be pos-
itively related with all three subdimensions of mindful
driving attitudes. This subdimension consists of items
such as "I am not easily distracted", "I have no difficulty
in keeping my attention on what is happening at the mo-
ment", and "I am not easily distracted while doing a job."
In the related literature, attention/distraction is seen as a
complex and multifaceted issue involved in driver behav-
ior (Ozturk, 2022). In a review article that examines the
contributions of mindfulness practices to improve traffic
safety, it is emphasized that these practices were found to
be very useful, especially in reducing distracted driving
(Koppel et al., 2019). In the current study, our findings on
the relationship of trait mindfulness with mindful driving
behaviors also indicate how these mindfulness practices
which can help increase trait mindfulness can be used as
one of the skills to be taugt to increase traffic safety. In
other words, by including mindfulness practices in traffic
safety education, especially in driver candidate training, in-
dividuals might improve their driving attention. Accord-
ing to the results of our study, the subdimensions of “reg-
ulating attention”, “observing the mind and the body
without being affected”, “sensory awareness”, and “nam-
ing emotions” are the four practices that should be em-
phasized during mindfulness training (Kabat- Zinn, 2003).
The main purpose of this study was to investigate the
mediating role of prefrontal cortex (regulatory) functions
and mindful driving attitudes in the relationship between
trait mindfulness and aberrant and positive driver behav-
iors. For this purpose, a path analysis was conducted to
identify pathways from trait mindfulness to positive and
aberrant driver behaviors. The results showed that the fit
of the data to the model is quite good. In other words,
mindfulness significantly predicted prefrontal cortex
functions, prefrontal cortex functions significantly pre-
dicted mindful driving attitudes, and mindful driving atti-
tudes significantly predicted positive and aberrant driver

123



Mindfulness, Prefrontal Functions, and Driving Bebavior

behaviors. In addition, the sequential mediating effects of
these two variables on the path from trait mindfulness to
positive and aberrant driver behaviors were also found to
be significant. Based on these findings, we can assume that
a traffic education enriched with mindfulness techniques
emphasizing attention regulation, observing the mind and
the body without getting affected by the triggers, sensory
awereness and labeling emotions might produce safer
drivers.

It can be noted that these findings, which are im-
portant in terms of driving behavior and therefore traffic
safety, are the most important contribution of the study.
In Turkey as well as in the world, driver candidate training
is a consistently developing field. As we stated in detail in
the introduction, the relevant Ministry in Turkey has made
innovations in this regard. In the revised new curriculum
for driver candidate education, mindful (prosocial) driving
attitudes were added as a topic by the initiation of the re-
searchers (Hatipoglu and Yasak, 2016). The current study,
for the first time, provides scientific evidence highlighting
the importance of mindful (prosocial) driving attitudes in
relation to both positive and aberrant driving behaviors,
within the context of trait mindfulness and prefrontal cor-
tex functions. In conclusion, in the short run, we can say
that increasing the duration of the revised driver candidate
education and training with the incorporation of mindful-
ness techniques of “attention regulation”, “observing
without getting affected”, “sensory awareness”, and “la-
beling emotions” mindfulness skills can be very beneficial
for increasing the practice of safe driving. In the long run,
other revisions in educating parent candidates, preschool,
elementary school teachers, and the public in general on
the importance of “secure attachment” should also be
considered.

There are several limitations of this study, one of them
being the self-report nature of the data collecting instru-
ments. The reliance on participants' self-perceptions and
declarations may have led to subjective interpretations of
the data. Another limitation is the risk of social desirability
bias; individuals may tend to provide responses that are
more socially acceptable or desirable, potentially deviating
from their true attitudes or behaviors. Consequently, these
limitations necessitate a cautious evaluation of the study's
generalizability and the inferences drawn from its find-
ings.

Conclusions

One of the most important contributions of the study is
to reveal the importance of mindful (prosocial) driving at-
titudes, along with prefrontal cortex functions and trait
mindfulness. Therefore, further studies are needed to
comprehensively understand the determinants contrib-
uting mindful driving attitudes as well as to identify and
assess effective interventions aimed at enhancing traffic

safety.
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