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Human factors play a substantial role in road crashes, yet understanding their
contribution remains complex. Risky driving behaviours result from the interplay
of multiple internal and external determinants, among which personality stands out
as a relatively stable individual disposition that influences driving behaviour across
different contexts. Therefore, studies examining the relationship between personality
traits and driving behaviour are essential. This study aimed to construct driver
behaviour profiles based on these relationships within a large sample of Portuguese
drivers. A community sample of 747 licensed drivers, aged under 75 and with at
least three years of driving experience, completed an online survey. Instruments
included the NEO-Five Factor Inventory-20, the Impulsivity and Sensation Seeking
Scale, and the 24-item Driver Behaviour Questionnaire (DBQ). Firstly, multiple linear
regressions were conducted considering the three driving behaviour dimensions
of the DBQ to support the construction of the profiles. Results indicated that
neuroticism, agreeableness, extraversion, impulsivity, and sensation seeking predicted
infractions and aggressive driving. Neuroticism, conscientiousness, and impulsivity
predicted non-intentional errors, while neuroticism, openness, conscientiousness, and
impulsivity were associated with lapses. Even after controlling for age and gender,
personality traits remained significant predictors. Secondly, four driver behaviour
profiles were constructed using two alternative methodologies: an empirical approach
and cluster analysis with k-means. Profiles built using the empirical approach resulted
in four groups of drivers characterised by more easily identifiable driving behaviours:
prudent, regular, distracted/forgetful, and aggressive drivers. The distracted/forgetful
group showed a positive relationship to crash involvement. Overall, the study shows
that the complex driver behaviour needs to be carefully grouped.

1. Introduction

Road crashes remain a leading global cause of
morbidity, mortality, and economic burden,
representing between 1-3% of the world’s
GDP (World Health Organization, 2023). In
Portugal, 642 fatalities were recorded in 2023
(ANSR, 2024), a number that has remained
relatively stable over the past decade, except
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for the temporary reduction during the COVID-
19 pandemic. Despite technological advances
and regulatory measures, human factors
remain a significant contributor to road
accidents (European Commission, 2024).

Driving is a complex activity influenced by
individual characteristics, cognitive processes,
and contextual factors (Hennessy, 2011;
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Oppenheim & Shina, 2011). Consequently,
understanding driver behaviour has become
central to improving road safety.

Research has classified driver errors and
violations using structured taxonomies.
Reason (1990, cited in Weller et al., 2006)
proposed the Generic Error-Modelling
System, distinguishing between pre- and
post-detection processes and developing a
cognitive framework of unsafe acts, which is
divided into errors and violations. Skill-based
errors include slips and lapses (attention or
memory failures), while rule- and knowledge-
based errors involve inappropriate actions
or misapplied strategies. Violations are
intentional deviations from safe driving
norms (Oppenheim & Shina, 2011). These
constructs differ in cognitive mechanisms and
corrective strategies (Parker et al., 1995).

Other taxonomies, such as those by Treat
et al. (1979), further developed by Wierwille
et al. (2002), identified recognition, decision,
and performance errors. More recently,
Khattak et al. (2021) introduced a spatio-
temporal model comprising perception,
recognition, decision, and reaction, based on
naturalistic driving data. Recognition errors
accounted for 39% of crash causes, followed
by decision (34%), performance (8%), and
violations (9%).

Personality traits have long been recognised
as fundamental determinants of risky driving
(Ulleberg, 2002; Vaa, 2014). Impulsivity
and risky driving behaviours association
has been shown in various works (Bicaksiz
& Ozkan, 2016; Deffenbacher et al., 2000).
Sensation-seeking has also been associated
with aggressive driving and infractions, like
excessive speed, aggressive behaviour with
other drivers, and driving under the effect of
alcohol (Yang et al., 2013; Mallia et al., 2015).
Jovanovic et al. (2011) found that neuroticism,
agreeableness, and conscientiousness can
predict driving anger and aggression. Tao
et al. (2017) also found neuroticism and
extraversion to be positively correlated
with driving errors and violations that can
lead to dangerous outcomes. On the other

hand, Correia (2014), only found significant
correlations of neuroticism with lapses.

A recent meta-analysis of 34 studies
conducted by Luo et al. (2023) concluded
that conscientiousness, agreeableness, and
openness to experience were negatively
associated with risky and aggressive driving
behaviours. Conversely, neuroticism
was positively associated with risky and
aggressive behaviours. Extraversion was not
significantly associated with either behaviour,
a result also found in another meta-analysis
by Akbari et al. (2019). However, in the
latter, the authors also concluded that
conscientiousness and openness to experience
were not significantly related to risky driving
behaviours.

Sociodemographic factors also influence
driving. In some studies, younger and male
drivers showed greater tendency to get angry
with other drivers and to commit infractions
(Alujaetal., 2023; Cordazzo et al., 2014; Lawton
et al,, 1997). Other authors found that women
more frequently committed distraction-
related errors with minor safety consequences
(de Winter & Dodou, 2010; Parker et al., 1995).
A cross-cultural study on 32 countries by
Granié et al. (2020) concluded that socially
constructed gender roles shape drivers’ self-
positioning more than perceived social norms
and exert less influence on behaviours when
risk-taking is widely normalised. Age effects
are mixed: Aberg & Rimmo (2010) linked older
age to inattention errors, Cordazzo et al. (2014)
found a negative correlation with lapses, and
Parker et al. (1995) found none.

Profiling driver behaviour, by identifying
consistent patterns of actions, personality
traits, and situational responses that influence
driving performance, can provide valuable
insights for safety research. Incorporating
driver behaviour profiles into the fine-
tuning and calibration of safety simulation
models enhances their capacity to replicate
safety-critical events by accounting for the
variability in human driving behaviour.
This approach enables a more accurate and
realistic representation of real-world traffic
dynamics and driver—vehicle interactions.
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Despite extensive research, there is no
consensus regarding which variables or
analytical methods best describe and predict
driver behaviour profiles (Payyanadan &
Angell, 2022). Existing profiling approaches
differ widely in their theoretical bases,
personality  measures, and  statistical
techniques (Liao et al, 2022; Tselentis &
Papadimitriou, 2023). = Moreover, studies
addressing Portuguese drivers remain
scarce, leaving a gap in understanding the
particularities of their behaviours, which may
differ from other populations.

This study seeks to address these limitations
by developing empirically grounded driver
behaviour profiles based on the integration
of Big Five personality traits, impulsivity, and
sensation seeking within a large Portuguese
sample. Distinctively, it compares an
empirical profiling methodology with the
commonly used k-means clustering approach,
assessing which produces more interpretable
and representative behavioural patterns. By
capturing the variability in driver personality
and behaviour, this work provides an
original and significant contribution to road
safety research—supporting more accurate
modelling of human factors in simulation,
risk prediction, and behavioural intervention
strategies.

2. Methods

2.1 Procedure and sample characterization

A Portuguese community sample was
recruited and invited to participate in an
online survey on the relationship between
personality and driver behaviour. Inclusion
criteria included holding a driving licence,
driving regularly for at least three years, and
being under 75 years of age (older drivers have
been associated with increased prevalence of
cognitive, sensory and motor decline, which
may affect driving performance and be linked
to a higher risk of road traffic accidents
(Zhang et al, 2024; SafetyNet, 2009). In
Portugal, the minimum legal driving age is 18
years. Data were collected over a four-month

period in 2016, aiming to achieve a balanced
distribution across age groups and gender.

All participants completed self-report
questionnaires that included socio-demographic
information, personal accident history, and
validated instruments assessing personality
traits and driving behaviour. Responses were
anonymous. Prior to participation, individuals
were informed about the research objectives
and eligibility criteria.

Table 1. Descriptive statistics of the sample

n (M £ SD)
Age 747 (42.13 £ 12.35)
Driving licence tenure 747 (21.30 £ 11.34)
Years of regular driving experience 747 (20.33 £ 11.33)
417 women- 55.8%

Gender

The final sample comprised 747 participants:
417 women (55.8%), with a mean age of 42.13
+ 12.35 years, a mean driving licence tenure
of 21.30 + 11.34 years, and a mean of 20.33
+ 11.33 years of regular driving experience
(Table 1). Education level was classified on a
seven-point scale, from primary education (1)
to doctoral degree (7). Although all levels were
represented, most participants held graduate
(36.8%) or master’s (30.0%) degrees.

This educational distribution is not
representative of the Portuguese population.
In 2016, only 23.8% of adults held a higher
education degree, and this proportion had
increased to merely 31.4% by 2024 (INE,
2025). The over-representation of highly
educated participants may be attributed to
the online survey format, which tends to
attract individuals with greater digital literacy,
typically associated with higher educational
attainment.

2.2 Instruments

2.2.1 NEO-Five Factor Inventory-20

The Portuguese version of the NEO-Five
Factor Inventory-20 (Bertoquini & Pais-
Ribeiro, 2006) was used to assess the Big Five
personality traits: Neuroticism, Extraversion,
Openness to Experience, Agreeableness,
and Conscientiousness. The instrument
comprises 20 items rated on a 5-point Likert
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scale (1 = strongly disagree to 5 = strongly
agree). Psychometric evaluation of the
Portuguese version involved Exploratory and
Confirmatory Factor Analyses (EFA, CFA)
and Reliability Analysis (Dourado et al.,
2017a,b). Two items were removed, resulting
in a five-factor structure consistent with the
original model and good internal consistency
(Cronbach’s a = 0.68-0.74).

2.2.2 Impulsive Sensation Seeking Scale

Impulsivity and Sensation Seeking were
measured using the Portuguese adaptation
of Zuckerman (1994) Impulsive Sensation
Seeking Scale, translated and validated
by the research team (Dourado et al,
2017a,c). The scale consists of 19 binary
(“True”/“False”) items and yielded a two-
factor model: Impulsivity and Sensation
Seeking, after excluding four items. Each
factor demonstrated good reliability (a = 0.79
and 0.76), and the total scale showed strong
internal consistency (a = 0.82). Sensation
Seeking reflects the pursuit of novel and
intense experiences despite associated risks,
while Impulsivity denotes spontaneous,
unreflective action.

2.2.3 Driver Behaviour Questionnaire

Driving behaviour was assessed using the
Portuguese short version of the Manchester
Driver Behaviour Questionnaire (Correia,
2014; Reimer et al., 2005; Reason et al., 1990),
comprising 24 items rated from 0 (never) to
5 (always). Psychometric analysis produced a
three-factor model with 22 items—Infractions
and Aggressive Driving (IAD, a = 0.77), Non-
intentional Errors (NIE, a =0.73), and Lapses (a
= 0.71)—with an overall internal consistency
of a = 0.84 (Dourado et al.,, 2017a; Dourado
et al., 2017d). IAD represents deliberate rule
violations, NIE refers to unintentional errors
with potential risk, and Lapses indicate minor
attentional failures with limited safety impact.

2.3 Data analysis methods

2.3.1 Hierarchical multiple linear
regressions - methods and statistical
analysis

In a previous analysis, the Pearson correlation
coefficient had already been computed to
explore associations between personality
traits, socio-demographic variables, and
driver behaviour dimensions (correlation
results published in Dourado et al. (2017a) can
be seen in Appendix A).

Subsequently, multiple linear regressions
were performed to analyse how much
variance in the DBQ dimensions (dependent
variables) could be explained or predicted
by the variables that had previously shown
significant correlations, and to evaluate the
relative contribution of each independent
variable. Preliminary analyses were
conducted to ensure that the assumptions
of normality, linearity, independence,
homoscedasticity, and multicollinearity were
not violated. SPSS version 23.0 was used for
the analysis.

The wvariability in the DBQ dimensions
explained by correlated personality traits,
while controlling for socio-demographic
variables, was assessed using hierarchical
multiple linear regressions.

2.3.2 Building driver behaviour profiles-
methods and statistical analysis

Two alternative methodologies were used to
build driver behaviour profiles: an empirical
construction and a cluster analysis with the k-
means method.

2.3.3 Empirical method

Reason (1990) classification of unsafe acts,
further developed by Oppenheim & Shina
(2011), was used as a basis to define four
behavioural profiles: aggressive (frequent
intentional violations), distracted/forgetful
(lapses and non-intentional errors), prudent
(rare errors, lapses or violations), and regular
(moderate behaviour). Personality traits
were scored by quartiles (low, medium,
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high) and used to allocate individuals to
profiles, based on the associations obtained
in the hierarchical multiple linear regression
analysis. Controlling for the personality trait
scores to capture targeted driving behaviour,
drivers were manually assigned to each group,
through iterative adjustments.

Group comparisons were conducted using
ANOVA (Bonferroni or Tamhane post hoc
tests) for normally distributed data, and the
Kruskal-Wallis test with Mann-Whitney U tests
otherwise. The process concluded when at
least three groups demonstrated statistically
significant behavioural differences. Figure 1
shows the flowchart of this methodology.

2.3.4 Cluster technique with k-means

Three clustering hypotheses were tested:
(1) all personality variables; (2) only
those with B > 0.1 in the regression
analyses (Neuroticism, Agreeableness,
Conscientiousness, Impulsivity, Sensation
Seeking); and (3) the set used in the empirical
profiles (Neuroticism, Agreeableness,
Conscientiousness, Extraversion, Impulsivity,
Sensation Seeking). For each hypothesis,
hierarchical clustering was performed using
Ward’s method (Ulleberg, 2002) and the
squared Euclidean distance, determining
the optimal number of clusters through
dendrogram and R? analysis (Maroco, 2014).

The standardised variables were subsequently

analysed using k-means clustering (Ulleberg,
2002). Group differences in IAD, NIE, and
Lapses were compared after testing for
normality and homogeneity of variance.
The selected hypothesis was the one that
maximised significant intergroup differences.

2.3.5 Validation of the profiles using crash
involvement

Considering the profiles obtained by each
method, a linear regression model was applied
to the number of at-fault crashes per year
of driving licence. The objective was to
validate the profiles defined by both methods,
assuming that each profile may be associated
with crash involvement. The linear regression

Hierarchical multiple linear regression analysis

Independent variables: personality’
traits and socio-demographic
variables

Dependent variables: driving
behaviors (IAD, NIE, Lapses)

Which variables contribute
significantly to explain each
driving behavior, and how?

Profiles of driving behavior ereated based on personality variables
pontuation:
Prudent, Regular, Distracted/Forgetful and Aggressive

Transformation of personality variables:
score 1 (low) - [min; quartile 1]
score 2 (medium) : Jquartile 1; quartile 3[
score 3 (high): [quartile 3; max]
Transformation also tested with M£SD, yetit showeda
higher unbalance in therms of distribution of frequencies for
each pontuation.

v

Personality traits scores were
defined for each profile
(low, medium, kigh)

Are individuals
out of the groups?,

A 4

Compare means between’
groups. for each driving
behavior.

for each driving behavior
(IAD. NIE and Lapscs). at
least three groups show
significant differences
between them

End of the
procsss: empirical
profiles created

Figure 1. Flowchart- methodology adopted to
build the empirical driver behaviour profiles

model for the number of crashes per year can
be written as follows:

Yii = Bo+BjXij +749eAGE;
_'JYGenderGENDERi (1)

Where i denotes individuals (i = 1,...,747), and
J denotes the groups for each profile. Yj
represents the number of at-fault crashes per
year of driving licence, and Xj; is a dummy
variable for each profile. For convenience,
the profile classified as regular was included
as the reference category. B; is the estimated
parameter for each j-1 profile.
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Age and gender were included as control
variables, with ysge and Ygenger representing
the respective estimated parameters. The
model parameters were estimated using
NLOGIT 5.

3. Results

3.1 Descriptive analysis

The mean scores (and standard deviations)
of the dimensions of the NEO-FFI-20, ImpSS,
and DBQ are presented in Table 2. These
dimensions correspond to the personality trait
variables entered the regression models. The
mean and standard deviation of the number of
at-fault crashes per year of driving licence are
also included in Table 2.

Table 2. Sample size (n), mean (M), and
standard deviations (SD) of the scale
dimensions and number of crashes per year
of driving licence; Scales’ range

NEO-FFI-20 n (M + SD) Scale range
Neuroticism 747 (7.02 £ 2.29) 0-12
Openness to experience 747 (14.32 + 3.22) 0-16
Conscientiousness 747 (15.97 £ 2.01) 0-16
Agreeableness 747 (11.01 £ 2.09) 0-12
Extraversion 747 (13.98 £ 2.28) 0-16
ImpSS

Impulsivity 747 (1.31 £ 1.56) 0-5
Sensation seeking 747 (4.21 + 2.80) 0-10
DBQ

Infractions and aggressive 747 (8.68 + 5.16) 0-35
driving

Non-intentional errors 747 (5.82 + 3.80) 0-45
Lapses 747 (8.58 + 4.11) 0-30

Number of crashes at fault
per year of driving licence

747 (0.049+ 0.081)

3.2 Hierarchical multiple linear regression
analysis

The hierarchical multiple linear regression
was applied to three distinct models,
considering as dependent variables the three
driving behaviour dimensions of the DBQ: IAD,
NIE, and Lapses. The aim was to identify the
variables influencing each of the three driving
behaviours, with particular focus on the NEO-
FFI and ImpSS variables.

3.2.1 Infractions and aggressive driving
regression

An initial regression model including Age,
Gender, Education, Years of driving licence,
Years of frequent driving, and personality
traits (Neuroticism, Agreeableness, Extraversion,
Impulsivity, and Sensation Seeking) explained
28.3% of the variance in Infractions and
Aggressive Driving (IAD) [F(10.736) = 30.462,
p<.001]. Multicollinearity (VIF>5) was detected
among Age, Years of licence, and Years
of frequent driving; the latter was non-
significant (p = 0.924). A refined model
(Table 3) excluding multicollinear variables
explained 27.2% of the variance [F(8,738) =
35.821, p<.001, Durbin—-Watson = 1.976], with
all predictors significant: Age (B = —0.205),
Gender (B = 0.270), Education (B = —0.193),
Neuroticism (B = 0.085), Agreeableness (B =
—0.106), Extraversion ( = 0.096), Impulsivity
(B = 0.209), and Sensation Seeking (B = 0.136).
No multicollinearity remained (VIF<5).

Impulsivity exhibited the highest partial
correlation (0.216), followed by Sensation
Seeking (0.137). After controlling for socio-
demographic variables (R*adj = 0.154),
personality traits still accounted for an
additional 12.2% of the variance in IAD
[R?change = 0.122, F change(5.738) = 25.085,
p<.001], highlighting their independent
predictive power.

3.2.2 Non-intentional errors regression

In the initial Non-intentional Errors (NIE)
regression model (Table 4), Education,
Neuroticism, Conscientiousness, Impulsivity,
and Sensation Seeking explained 10.3% of
the variance [F(5,741) = 18.102, p<.001]. All
predictors were significant (p<.001) except
Sensation Seeking (B = 0.058, p = 0.126). No
multicollinearity was identified (all VIF<5). A
refined model excluding the non-significant
variable explained 10.1% of the variance
[F(4,742) = 22.000, p<.001, Durbin-Watson
= 2.152], with all predictors significant:
Education (B = 0.148), Neuroticism (B =
0.127), Conscientiousness (f = —0.137), and
Impulsivity (B = 0.190).
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Table 3. Multiple linear regression analysis — Infractions and aggressive driving as a dependent

variable
IAD model Unstandardized coefficients Standardized T Correlations Collinearity statistics
coefficients
B Std. error B Zero order  Partial Part Tolerance VIF

Constant 0.049 2.038 0.024

Age -0.086 0.014 -0.205***  -6.240 -0.239  -0.224 -0.195 0.905 1.104
Gender* 2.809 0.335 0.270*** 8.385 0.254 0.295 0.262 0.938 1.066
Education 0.906 0.152 0.193*** 5.945 0.160 0.214 0.186 0.930 1.075
Neuroticism 0.191 0.079 0.085** 2425 0.092 0.089 0.076 0.802 1.248
Agreeableness -0.263 0.080 -0.106***  -3.287 -0.142 -0.120 -0.103 0.932 1.073
Extraversion 0.217 0.080 0.096*** 2.701 0.138 0.099 0.084 0.775 1.290
Impulsivity 0.690 0.115 0.209*** 6.001 0.259 0.216 0.187 0.805 1.242
Sensation 0.251 0.067 0.136*** 3.760 0.301 0.137 0.117 0.744 1.343
seeking

Note: *(Female = 1, Male = 2).
*Xx ** ¥ ==> Sjgnificance <1%, <5%, <10%

Table 4. Multiple linear regression analysis - Non-intentional errors as dependent variable

NIE model Unstandardized coefficients Standar.dized T Correlations Collinearity statistics
coefficients
B Std. error Zero order  Partial Part Tolerance VIF

Constant 5.199 1.412 3.681

Education 0.511 0.121 0.148*** 4211 0.110 0.153 0.146 0.982 1.019
Neuroticism 0.210 0.060 0.127*** 3.500 0.188 0.127 0.122 0.916 1.091
Conscientiousness  -0.259 0.069 -0.137*** -3.776 -0.188 -0.137 -0.131 0.914 1.094
Impulsivity 0.461 0.086 0.190*** 5.332 0.212 0.192 0.185 0.951 1.051

Note: ***, **, * ==> Significance <1%, <5%, <10%

Impulsivity exhibited the strongest partial
correlation with NIE (0.192), followed by
Education (0.153), Conscientiousness (—0.137),
and Neuroticism (0.122). After controlling
for socio-demographic variables [Step 1:
R%adj = 0.011, F(1,745) = 11.225, p = 0.003],
personality traits accounted for an additional
9.4% of explained variance [R?change =
0.094, F change(3,742) = 26.005, p<.001].
These findings highlight impulsivity and
low conscientiousness as key predictors of
unintentional driving errors, consistent with
prior behavioural research.

3.2.3 Lapses regression

For the Lapses dimension (Table 5),
Age, Gender, Education, Neuroticism,
Conscientiousness, Openness to Experience,
and Impulsivity explained 13.3% of the
variance [F(7,739) = 17.329, p<.001, Durbin-
Watson = 2.160]. Years of driving licence,
Years of frequent driving, and Sensation
Seeking were excluded due to non-significance

and multicollinearity (VIF>5). All retained
predictors were significant: Age (B = —0.075,
p = 0.036), Gender (B = —0.102, p = 0.003),
Education (B = 0.165, p<.001), Neuroticism (B =
0.094, p = 0.009), Conscientiousness (B = —0.121,
p = 0.001), Openness (B = 0.085, p = 0.017), and
Impulsivity (B = 0.215, p<.001).

Impulsivity  exhibited the  strongest
partial correlation (0.220), followed by
Conscientiousness  (—0.124),  Neuroticism

(0.096), and Openness (0.088). Among socio-
demographic variables, Education showed the
strongest correlation (0.166). After controlling
for Age, Gender, and Education [Step 1: R%adj
= 0.039, F(3,743) = 11.225, p<.001], personality
traits explained an additional 9.8% of variance
[AR? = 0.098, F change(4,739) = 21.001, p<.001],
confirming their significant independent
contribution to lapses in driving behaviour.

3.3 Empirical driver behaviour profiles

Four empirical driver profiles were identified
(Tables 6 and 7; Figures 2 and 3):
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Table 5. Multiple linear regression analysis — Lapses as dependent variable

Lapses model  Unstandardized coefficients ~ Standardized T Correlations Collinearity statistics
coefficients
B Std. error B Zero order  Partial Part Tolerance VIF
Constant 8.108 1.792 4.524
Age -0.025 0.012 -0.075** -2.101 -0.092 -0.077 -0.072 0.904 1.106
Gender -0.846 0.286 -0.102*** -2.953 -0.133 -0.108 -0.101 0.971 1.030
Education 0.618 0.135 0.165*** 4578 0.168 0.166 0.156 0.896 1.117
Neuroticism 0.168 0.064 0.094*** 2.617 0.166 0.096 0.089 0.906 1.104
Openness to 0.108 0.045 0.085** 2.400 0.113 0.088 0.082 0932  1.073
experience
Conscientiousness  -0.248 0.073 -0.121*** -3.386 -0.157 -0.124 -0.115 0.908 1.101
Impulsivity 0.565 0.092 0.215*** -6.131 0.227 0.220 0.209 0.947 1.056
Note: *(Female = 1, Male = 2).
rax Fx ¥ ==> Significance <1%, <5%, <10%
Prudent — low Impulsivity and Sensation scores for Conscientiousness, medium

Seeking, average/high Conscientiousness and
Agreeableness (n = 67); Regular - moderate
across traits (n = 429); Distracted/Forgetful -
low/average Conscientiousness, high/average
Neuroticism and Impulsivity (n = 216);
and Aggressive - low Agreeableness, high
Impulsivity and Sensation Seeking (n = 35).

In driving behaviour, the Prudent group
exhibited the lowest IAD, NIE, and Lapse
scores, while the Aggressive group showed
the highest IAD, and the Distracted/Forgetful
group showed higher NIE and Lapses. The
Kruskal-Wallis test revealed significant group
differences, confirmed by Mann-Whitney U
tests: Prudent drivers differed significantly
from Distracted/Forgetful and Aggressive
drivers in all behaviours. The Prudent
and Regular groups exhibited significant
differences in IAD and NIE behaviours. The
Regular and the Distracted/Forgetful presented
significant differences in all behaviours.
While Distracted/Forgetful and Aggressive
groups did not differ significantly.

3.4 K-means driver behaviour clusters

Hierarchical and k-means clustering identified
four driver clusters based on personality
traits —  Neuroticism, Agreeableness,
Conscientiousness, Extraversion, Impulsivity,
and Sensation Seeking (Table 8; Figures 4
and 5). Cluster A exhibited medium/low

scores for Agreeableness and Extraversion,
medium/high scores for Neuroticism and
Sensation-seeking, and a high score for
Impulsivity; Cluster B displayed medium/low
scores for Neuroticism, Impulsivity and
Sensation seeking, medium scores for
Conscientiousness, Agreeableness and
Extraversion; Cluster C showed low score
for Extraversion, medium/low  scores
for Conscientiousness, Agreeableness,
Impulsivity and Sensation seeking and
medium/high  score for Neuroticism.;
and Cluster D demonstrated medium/low
score for Neuroticism, medium scores for
Agreeableness and Impulsivity, medium/high
score for Conscientiousness, and slightly
higher scores for Sensation seeking and
Extraversion.

Given the number of individuals per cluster,
ANOVA was used to compare means between
groups, with Tamhane post-hoc tests applied
as the variances were not homogeneous.
Cluster A showed significant differences from
Clusters B and C across all driving behaviours.
Between Cluster A and Cluster D, significant
differences were observed in NIE and Lapses.
Comparisons between Clusters B and C also
revealed significant differences across all
behaviours, while Clusters B and D, and
Clusters C and D, differed significantly only
in IAD.

Traffic Safety Research 8
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Table 6. A priori scores defined for each personality trait within each group

Prudent Regular Distracted/forgetful Aggressive
Neuroticism low/average average/high average/high
Impulsivity Low average/high high
Sensation seeking Low high

Extraversion average/high

Openness to experience

Conscientiousness average/high low/average
Agreeableness average/high low
Note: Blank cases have no restrictions
Table 7. Descriptive statistics of empirical profiles
Prudent Regular Distracted/forgetful Aggressive
Age 4419 + 12,34 41,51 +£12,32 43,24 + 12,49 38,97 £ 10,99
Gender 62.7% F; 37.3% M 56.4% F; 43.6% M 54.6% F; 45.4% M 42.9% F; 57.1% M
Number of individuals in 67 (9% of total sample) 429 (57% of total sample) 216 (29% of total sample) 35 (5% of total sample)
the group
Empirical Profiles
2,000
Prudent —Regular —Distracted/ Forgetlful —Agrressive
1,500
1,000
0,500
L
3 0,000
N
-0,500
-1,000
-1,500
-2,000
Zscore Zscore Zscore Zscore (Impulsivity) Zscore Zscore
(Conscientiousness) (Agreeableness) (Neuroticism) ’ puisIviIty (Sensation_Seeking) (Extraversion)
Prudent 0,492 0,667 -0,667 -0,836 -1,122 -0,050
—Regular 0,290 0,024 -0,195 -0,329 0,013 0,132
—Distracted/ Forgetlful -0,734 -0,068 0,514 0,684 0,118 -0,338
—Agrressive 0,030 -1,156 0,502 1,412 1,263 0,560

Figure 2. Average score for each personality trait variable across the four empirical profiles

Table 8. Descriptive statistics of k-means clusters

Cluster A Cluster B Cluster C Cluster D
Age 42,62 +12,32 43,35+ 12,62 41,32 +12,31 40,97 + 11,96
Gender 56.3% F;43.7% M  55.6% F;44.4% M  66.3%F;33.7%M 448%F; 55.2% M
Number of individuals in the group 126 248 190 183
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Empirical Profiles

0.800 ——Prudent —Regular —Distracted/ Forgetlful —Agrressive
0,600
0,400
0,200
o
<)
2
N 0,000
-0,200
-0,400
-0,600
-0,800
Zscore(IAD) Zscore(NIE) Zscore(Lapses)
—Prudent -0,624 -0,392 -0,258
—Regular -0,050 -0,120 -0,139
—Distracted/ Forgetlful 0,178 0,337 0,351
—Agrressive 0,709 0,146 0,032

Figure 3. Average score in IAD, NIE and Lapses for each empirical profile

K-means Clusters

2,000

—Cluster A —Cluster B —Cluster C Cluster D
1,500
1,000
0,500
o -
30,000
A
N // \
-0,500 / \
-1 ,000 \
-1,500
-2,000
Zscore Zscore
(Conscientiousness Zscore Zscore Zscore (Sensation_Seekin Zscore
) ) "7 (Agreeableness) (Neuroticism) (Impulsivity) ) o) (Extraversion)
—Cluster A -0,743 -0,025 0,597 1,525 0,745 -0,179
—Cluster B 0,229 0,309 -0,574 -0,609 -0,590 0,161
—Cluster C -0,477 -0,452 0,748 -0,378 -0,595 -0,970
Cluster D 0,697 0,068 -0,410 0,167 0,905 0,912

Figure 4. Average score for each personality trait variable across the four k-means clusters

Traffic Safety Research

10



Félix Dourado et al. (2026) Personality traits as predictors of driver behaviour: a comp...

K-means Clusters

Cluster C Cluster D

0,800
Cluster A =——Cluster B
0,600
0,400
0,200
[
g 0,000
-0,200
-0,400
-0,600
-0,800
Zscore (IAD)
Cluster A 0,486
=—(Cluster B -0.313
Cluster C -0,144
Cluster D 0,240

Zscore (NIE) Zscore (Lapses)

0,389 0,447
0,243 0,216
0,074 0,026
0,015 0,042

Figure 5. Average score in IAD, NIE and Lapses for each k-means cluster

3.5 Validation of the profiles of each
method based on the number of crashes
per year

Two models were applied to analyse the
number of at-fault crashes per year of
driving licence, as described in Section
2.3.5. Table 9 presents the results of the
regression model using the empirical profiles
as independent variables, which, together
with age and gender, explain 7.11% of the
variance [F(5,741) = 11.336, p<.0001]. In
this model, the Regular profile was used as
the reference category. Apart from gender
and age, only the Distracted/Forgetful profile
showed statistical significance, possibly due to
the higher number of observations compared
with the Prudent and Aggressive profiles.
This result highlights the difference between
the Distracted/Forgetful and Regular profiles.
The positive value estimated by the model
indicates a higher crash risk for this profile
compared with the Regular one.

Table 10 presents the results of the
regression model using the k-means clusters as

independent variables, which, together with
age and gender, explain 5.26% of the variance
[F(5,741) = 8.234, p<.0001]. The results show
that none of the profiles were statistically
significant, despite the relatively balanced
number of observations across clusters.

4. Discussion

4.1 The predictive ability of personality
traits

Regression analyses indicated that personality
traits, although accounting for modest
variance, significantly predicted driving
behaviour beyond socio-demographic factors.
Infractions and Aggressive Driving (IAD)
showed the highest explained variance (ad;.
R?% =0.272), followed by Lapses (adj. R? =0.133)
and Non-intentional Errors (NIE) (adj. R2 =
0.101).

Higher Impulsivity, Sensation Seeking,
Extraversion and Neuroticism, and lower
Agreeableness, predicted higher IAD scores
These findings led us to conclude that

Traffic Safety Research 11
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Table 9. Regression model results for the number of crashes per year of driving licence, using
empirical profiles, age and gender as independent variables

Model empirical profiles Coefficient  Std. error z p-value 95% Cl
Constant 0.11174 0.01135 9.85 0.0000 [0.08950; 0.13398]
Age -0.0014 0.00024 -6.40 0.0000 [-0.00197;-0.00105]
Gender -0.0122 0.00585 -2.01 0.0449 [-0.02320;-0.00027]
Prudent 0.0033 0.01036 0.32 0.7483 [-.01698 ; 0.02363]
Regular - - - - -
Distracted/forgetful 0.0255 0.00657 3.88 0.0001 [0.01261 ;0.03838]
Aggressive -0.01142 0.01386 -0.82 0.4102 [-0.03859;0.01575]

Table 10. Regression model results for the number of crashes per year of driving licence, using
k-means clusters, age and gender as independent variables

Model k-means clusters Coefficient  Std. error z p-value 95% CI
Constant 0.1176 0.01242 9.47  0.0000 [0.09326;0.14196]
Age -0.0015 0.00024 -6.10 0.0000 [-0.00192;-0.00098]
Gender -0.0117 0.00596 -2.05 0.0403 [-0.02390;-0.00054]
Cluster A 0.0084 0.00915 0.92 0.3588 [-0.00953;0.02632]
Cluster B -0.0030 0.00769 -0.39 0.6987 [-0.01806;0.01210]
Cluster C - - - - -

Cluster D -0.0057 0.00833 -0.68 0.4942 [-0.02201;0.01063]

having a higher tendency to search for
intense experiences and feelings, and at
the same time having low compassion for
others, can explain aggressive behaviours
while driving, like becoming impatient
with a slow driver and overtaking on the
right (illegal manoeuvre in Portugal). The
results also show that being talkative and
assertive (extraversion), associated with
the other traits, can also be correlated
with pursuing aggressive behaviours on
the road, like showing hostility to other
drivers. Nevertheless, previous studies did not
consistently confirm the role of Extraversion
and Neuroticism, suggesting difficulty in
defining a stable predictor set. Male gender
and younger age were associated with higher
IAD, corroborating earlier findings (Cordazzo
et al., 2014; Granié et al., 2020). Importantly,
even when controlling for Age, Gender,
and Education, the personality traits still
contributed significantly to explaining this
aggressive behaviour.

The results of the non-intentional errors
(NIE) regression also led us to claim that high
tendency to act with little or no forethought
(high impulsivity), together with low self-
discipline (low conscientiousness) and high
propensity to ruminate and experience

feelings as anxiety (high neuroticism) can
contribute to committing errors that can have
dangerous outcomes. These results are in
line with some previous findings (Tao et al,,
2017). Controlling for the effect of Education,
personality traits maintained their predictive
ability. Gender, age and driving experience
were not significant predictors, consistent
with some studies (Cordazzo et al., 2014;
Parker et al.,, 1995) but contradicting others
(Deffenbacher et al., 2000; Correia, 2014).

Impulsivity was also the strongest predictor
of Lapses, alongside low Conscientiousness
and high Neuroticism. The wvariable
Openness to experience also revealed positive
association in this regression analysis,
putatively showing that people with higher
levels of intellectual curiosity, creativity and a
preference for novelty have higher tendency
to perpetuate errors related to distractibility.
Female gender and younger age predicted
higher Lapses, supporting existing evidence.
When controlling for the socio-demographic
variables, personality traits continued to
significantly contribute to the model.

Overall, the consistent influence of
Impulsivity and Neuroticism across all
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models underscores their central role in
characterising driver behaviour.

4.2 Driver Behaviour Profiles

Analysis of empirical profiles revealed
distinct behavioural and personality patterns.
The Aggressive group scored high in
Impulsivity and Sensation Seeking but
low in Agreeableness, while the Prudent
group showed the inverse pattern — high
Agreeableness and low Impulsivity and
Sensation Seeking (Figure 2). This symmetry
was also evident in driving behaviour, with
the Regular group occupying an intermediate
position (Figure 3). Significant group
differences emerged in Infractions and
Aggressive Driving (IAD) and Non-intentional
Errors (NIE) between Prudent and Aggressive
drivers, and in IAD when comparing Prudent
with Regular or “Aggressive with Regular
groups.

The Distracted/Forgetful group exhibited
the highest frequency of NIEs and Lapses,
associated with elevated Neuroticism and
Impulsivity.  Moderate Agreeableness and
Sensation Seeking likely explain the lower
occurrence of intentional violations. This
group displayed higher error and violation
levels than Regular drivers, who showed
balanced traits and moderate error and
violation rates (Figure 3). Comparisons
between Distracted/Forgetful and Regular
drivers revealed significant differences
across all behavioural dimensions. The
Distracted/Forgetful group also showed lower
Conscientiousness and higher Agreeableness
than the Aggressive group, which can explain
more unintentional errors and lapses but
fewer deliberate violations. Regular drivers
represented the majority (n = 429), followed
by Distracted/Forgetful (n = 216), Prudent (n
= 67), and Aggressive (n = 35), reflecting the
rarity of extreme behaviours.

K-means clustering produced comparable
patterns (Figures 4 and 5). Cluster A-
characterised by high Impulsivity and low
Conscientiousness, showed the highest IAD,
Lapses, and NIE scores, encompassing
impulsive/aggressive and distracted drivers.

Cluster B represented prudent behaviour with
the lowest error levels, while Clusters C and D
displayed moderate scores, differing primarily
in Extraversion. Cluster sizes were relatively
balanced: Cluster B (n=248), Cluster C (n =
190), Cluster D (n = 183), and Cluster A (n
= 126). Cluster A aligned most closely with
the Aggressive group, and Cluster B with the
Prudent group, while Distracted/Forgetful and
“Regular groups overlapped with Clusters C
and D.

Comparison of both methodologies showed
that Cluster A included drivers with the
highest mean scores across all behaviours,
while the Aggressive group primarily
committed intentional violations, with a
higher IAD mean (0.709 vs. 0.486). The Prudent
group, comparable to Cluster B, displayed
the lowest scores and greater behavioural
homogeneity. The Distracted/Forgetful group
showed elevated NIE and Lapse scores but no
significant differences from the “Aggressive
group. This profile partially overlapped with
Clusters C and D, which were less clearly
defined.

The linear regression model results
associating the number of at-fault crashes
per year of driving licence with the profiles
reinforce the conclusion that profiles based
on the k-means method do not accurately
represent risky behaviour, as no profile
showed statistical significance, even with
a higher number of observations in each
cluster. In contrast, the results of the model
applied to the empirical method showed
that the Distracted/Forgetful group had a
positive relationship with the number of at-
fault crashes per year compared with the
Regular group. The other groups did not show
statistical significance, possibly due to the
small number of observations per group.

The positive estimate for the Distracted/
forgetful group aligns with expectations,
considering Table 6, which shows that this
group exhibits average to high scores for
Neuroticism and Impulsivity, as well as low
to average scores for Conscientiousness.
Despite the extensive number of studies
examining the association between Driver
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Behaviour Questionnaire (DBQ) scores and
crash involvement (e.g., Bobermin & Ferreira,
2022), to the best of the authors’ knowledge,
none has considered profiles derived from
the combined dimensions of the NEO-FFI-
20, ImpSS, and DBQ. Nevertheless, studies
focusing on the relationship between DBQ
factors and crash involvement have reported
small positive correlations between violations
and errors and self-reported crashes (de
Winter et al., 2015; de Winter & Dodou, 2010).
Assuming the Distracted/Forgetful group can
be associated with these behaviours, the
findings of the present study are consistent
with several previous works.

4.3 Study strengths and limitations

A major strength of this study lies in its
comprehensive integration of validated
psychological instruments—the NEO-FFI-
20, Impulsive Sensation Seeking Scale,
and Driver Behaviour Questionnaire—
to  construct multidimensional driver
behaviour profiles. The empirical profiling
approach demonstrated greater predictive
validity than k-means clustering, with
the Distracted/Forgetful group showing a
significant positive association with crash
involvement, thereby reinforcing the model’s
ecological validity.  The identification of
four theoretically coherent profiles - Prudent,
Regular, Distracted/Forgetful, and Aggressive
- highlights meaningful distinctions in
personality and driving behaviour, providing
novel insights into driver typologies. The
large community sample (N = 747) and robust
psychometric reliability further strengthen
the findings.

Nevertheless, limitations include reliance
on self-reported data, which may introduce
consistency and acquiescence biases, and
a sample with an overrepresentation of
highly educated individuals, which is not
representative of the Portuguese population.
Moreover, the complexity of human
behaviour is not captured in all its dimensions,
limiting the conclusions. In this study
we only applied K-mean cluster algorithm.
Experiment with other clustering algorithms

would be important to validate these results.
Additionally, given that road crash events are
relatively rare over a driver’s lifetime, self-
reported at-fault crashes are typically sparse,
thereby reducing the statistical power of the
analysis and limiting the ability to detect
meaningful association.

Another aspect to consider concerns the
temporal context of the dataset. Data
were collected in 2016, nevertheless the
dataset may still be considered relevant,
as the psychological constructs examined—
particularly personality traits—are generally
regarded as relatively stable across adulthood
and repeatedly linked to driving behaviour,
as outlined in the introduction. Similarly,
the DBQ has shown enduring validity
across different traffic contexts since its
development. Nonetheless, we acknowledge
that the Portuguese driving environment has
evolved since 2016, including technological
advancements in vehicles, changes in road
safety policies, and shifts in traffic density,
which may influence the expression or
frequency of specific behaviours. Therefore,
the findings should not be interpreted as
fully representative of current conditions.
Instead, they provide valuable insight into
the underlying psychological mechanisms
shaping driver behaviour, while highlighting
the need for updated datasets to confirm
contemporary applicability.

Despite these constraints, the study offers
an original and methodologically rigorous
contribution to understanding personality-
based differences in driving behaviour.

5. Conclusions

This study identified the key personality traits
underlying three risky driving behaviours—
Infractions and Aggressive Driving (IAD), Non-
intentional Errors (NIE), and Lapses—within
a large sample of Portuguese drivers. Two
methodologies were compared for developing
driver behaviour profiles: an empirical
approach and k-means clustering. Although
both produced four groups, the empirical
method yielded more coherent, interpretable,
and behaviourally distinct profiles, whereas
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k-means resulted in heterogeneous clusters.
These results highlight that statistical
clustering methods, if applied mechanically
and without a nuanced understanding of
behavioural theory, especially if applied to
limited samples, risk oversimplifying the
intricate psychological processes that drive
human behaviour.

Regression analyses showed that personality
traits, particularly Impulsivity and Neuroticism,
significantly predicted IAD, Lapses, and NIE
beyond socio-demographic factors. = Male
gender and younger age were further
associated with higher IAD, while female
gender and younger age were linked to
increased Lapses. The use of validated
psychometric  instruments  (NEO-FFI-20,
ImpSS, DBQ) and a robust sample strengthens
the reliability of these results and contributes
novel evidence to Portuguese road-safety
research, consistent with international
findings (de Winter et al., 2015).

Future  studies should incorporate
experimental and naturalistic driving
methods to verify whether the identified
profiles correspond to objectively distinct
behavioural patterns. Such multidisciplinary
approaches may enhance understanding of
human factors in traffic safety, support the
identification of high-risk driver subgroups,
and inform targeted safety interventions. The
findings may also contribute to more effective
driver training by aligning it with learner
profiles. From the perspective of traffic
analysis, particularly in traffic simulation,
these findings can be incorporated to better
represent distinct driving behaviours and,
consequently, to more accurately reproduce
traffic dynamics, especially at the microscopic
level. Additionally, in the context of vehicle
technology development, these profiles can
inform the improvement of various systems,
including driver assistance features. For
example, warning systems and in-vehicle
interfaces may be tailored to individual
drivers in terms of timing, modality and
interaction, while distraction and fatigue
detection systems could potentially benefit
from profile-based customisation.

CRediT contribution

Joana Félix Dourado: Conceptualization,
Formal analysis, Investigation, Methodology,
Writing — original draft, Writing — review
& editing. Sara Ferreira: Formal analysis,
Methodology, Supervision, Writing — original
draft, Writing — review & editing. Ana Telma
Pereira: Formal analysis, Methodology,
Supervision. Ana Bastos Silva: Supervision.
Alvaro da Maia Seco: Supervision.

Acknowledgements

The authors are deeply grateful to all the
participants in this study and to all the
professionals involved.

Declaration of competing interests

The authors declare that there are no conflicts
of interest.

Declaration of generative Al use

Al tools were used to improve English
expression and clarity.

Prior dissemination declaration

The current research derives from earlier
works presented on international conferences
and published in their proceedings: Dourado
et al. (2017a,b,c) and Dourado et al. (2017d).
Earlier results of the predictive ability of
personality traits were presented in the
Road Safety and Simulation International
Conference, held in The Hague, the
Netherlands, in 2017, with no publication
associated.

Ethics statement

This work forms part of the doctoral project
approved by the Faculty of Sciences and
Technology of the University of Coimbra. The
data were obtained in 2016, at a time when
only informed consent was required.

Traffic Safety Research 15



Félix Dourado et al. (2026) Personality traits as predictors of driver behaviour: a comp...

Funding statement

PhD grant by Foundation for Science
and Technology (PD/BD/105718/2014).
UID/04427/2025 of the CITTA-Research Center
for Territory, Transports and Environment
with DOI: https://doi.org/10.54499/UID/04427/
2025, funded by Fundacdo para a Ciéncia e
a Tecnologia, I.P./ MECI through the national
funds.

Data availability statement

Data are available from the corresponding
author upon reasonable request.

Editorial information

Handling editor: Mette Mgller, Technical
University of Denmark (DTU), Denmark.

Reviewers: Désirée Hagmann, Zurich
University of Applied Sciences (ZHAW),
Switzerland; Ioni Lewis, Queensland
University of Technology, Australia.

Submitted: 8 December 2025; Accepted: 13
May 2026; Published: 22 May 2026.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International
License (CCBY-4.0). View this license's legal deed at https://creativecommons.org/licenses/by/4.0 and legal code
at https:/creativecommons.org/licenses/by/4.0/legalcode for more information.

Traffic Safety Research 16


https://doi.org/10.54499/UID/04427/2025
https://doi.org/10.54499/UID/04427/2025
https://creativecommons.org/licenses/by/4.0
https://creativecommons.org/licenses/by/4.0/legalcode

Félix Dourado et al. (2026) Personality traits as predictors of driver behaviour: a comp...

References

Aberg, L., Rimmo, P. A. (2010). ‘Dimensions of
aberrant behavior’. Ergonomics, 41, 39-56.
https://doi.org/10.1080/001401398187314

Akbari, M., Kamran, B. L., Heydari, S. T,
Motevalian, S. A., Tabrizi, R., Asadi-Shekari,
Z., JMSullman, M. (2019). ‘Meta-analysis
of the correlation between personality
characteristics and risky driving behaviors’.
Journal of Injury and Violence Research, 11(2).
https://doi.org/10.5249/jivr.v11i2.1172

Aluja, A., Balada, F., Garcia, O., Garcia, L. F.
(2023). ‘Psychological predictors of risky
driving: the role of age, gender, personality
traits (Zuckerman’s and Gray’s models), and
decision-making styles’. Frontiers in Psychology,
14, 1058927. https://doi.org/10.3389/fpsyg.2023.
1058927

Autoridade Nacional de Seguranca Rodovidria
(ANSR) (2024). ‘Road accidents report’.
Technical report. Accessed March
2025, http://www.ansr.pt/Estatisticas/
RelatoriosDeSinistralidade/Pages/default.aspx

Bertoquini, V., Pais-Ribeiro, J. L. (2006). ‘Estudo
de Formas Reduzidas do NEO-PI-R’. Psicologia:
Teoria, Investigacdo e Prdtica, 11(1), 85-101.

Bobermin, M., Ferreira, S. (2022). ‘Evaluating
individual heterogeneity in the probability
of crash involvement’. 8th International
Conference on Road Safety and Simulation. 8-10
June, Athens, Greece

Bicaksiz, P, Ozkan, T. (2016). ‘Impulsivity and
driver behaviors, offenses and accident
involvement: A systematic review’.
Transportation Research Part F: Traffic
Psychology and Behaviour, 38, 194-223. https:
//psycnet.apa.org/doi/10.1016/j.trf.2015.06.001

Cordazzo, S. T. D., Scialfa, C. T., Bubric, K., Ross, R. J.
(2014). ‘The Driver Behaviour Questionnaire:
A North American Analysis’. Journal of Safety
Research, 50, 99-107. https://doi.org/10.1016/j.
jsr.2014.05.002

Correia, J. P. (2014). Tragos de personalidade,
estados emocionais e condugdo: um estudo
comparativo entre condutores de ambos o0s
sexos. Doctoral thesis, Faculty of Medicine,
University of Lisbon. Portugal.

de Winter, J. C. F.,, Dodou, D. (2010). ‘The
Driver Behaviour Questionnaire as predictor of
accidents — A meta-analysis’. Journal of Safety
Research, 41, 463. https://doi.org/10.1016/].jsr.
2010.10.007

de Winter, J. C. F., Dodou, D., Stanton, N. A.
(2015). ‘A quarter of a century of the DBQ: some

supplementary notes on its validity with regard
to accidents’. = Ergonomics, 58(10), 1745-1769.

https://doi.org/10.1080/00140139.2015.1030460

Deffenbacher, J. L., Huff, M. E.,, Lynch, R. S., Oetting,
E. R, Salvatore, N. F. (2000). ‘Characteristics
and treatment of high anger drivers’. Journal of
Counseling Psychology, 47, 5-17. https://psycnet.
apa.org/doi/10.1037/0022-0167.47.1.5

Dourado, J. F., Marques, C., Pereira, A. T., Nogueira,
V., Macedo, A., Bastos Silva, A. M. C,, Seco, A.
J. M. (2017a). ‘Further validation of the driver
behaviour questionnaire — confirmatory factor
analysis in a Portuguese sample’. European
Psychiatry, 41(S1), S694-S694. https://doi.org/10.
1016/j.eurpsy.2017.01.1220

Dourado, J. F., Marques, C., Pereira, A. T., Nogueira,
V., Macedo, A., Silva, A. M. B, Seco, A. ].
(2017b). ‘The Portuguese Validation of the
Impulsive Sensation Seeking Scale’. European
Psychiatry, 41(S1), S797-S797. https://doi.org/10.
1016/j.eurpsy.2017.01.1535

Dourado, J. F., Pereira, A. T., Marques, C., Azevedo,
J., Nogueira, V., Macedo, A, Silva, A. M. B., Seco,
A.J. M. (2017¢). ‘Confirmatory Factor Analysis of
NEO-FFI-20 in a Portuguese Sample’. European
Psychiatry, 41(S1), S255-S255. https://doi.org/10.
1016/j.eurpsy.2017.02.052

Dourado, J. F., Pereira, A. T., Nogueira, V., Silva, A.
M. C. B, Seco, A. J. M. (2017d). ‘Personality
and Driver Behaviour Questionnaire:
Correlational Exploratory Study’. Transport
Infrastructure and Systems: Proceedings
of the AIIT International Congress on
Transport Infrastructure and Systems (pp.
787-794). Rome, Italy, 10-12 April 2017,
https://doi.org/10.1201/9781315281896-101

European Commission (2024). ‘Road safety
thematic report — Main factors causing fatal
crashes’.  Technical report, European Road
Safety Observatory. Brussels, Directorate
General for Transport.

Granié, M. A, Thévenet, C., Varet, F., Evennou,
M., Oulid-Azouz, N., Lyon, C., Meesmann, U.,
Robertson, R., Torfs, K., Vanlaar, W., Woods-Fry,
H., Van den Berghe, W. (2020). ‘Effect of Culture
on Gender Differences in Risky Driver Behavior
through Comparative Analysis of 32 Countries’.
Transportation Research Record, 2675(3), 274—
287. https://doi.org/10.1177/0361198120970525

Hennessy, D. (2011). ‘Social, Personality and
Affective Constructs in Driving’. in Handbook
of Traffic Psychology. Chapter 12, In B. Porter
(Ed.).

Jovanovic, D., Lipovac, K., Stanojevic, P., Stanojevic,
D. (2011). ‘The effects of personality traits
on driving-related anger and aggressive

Traffic Safety Research 17


https://doi.org/10.1080/001401398187314
https://doi.org/10.5249/jivr.v11i2.1172
https://doi.org/10.3389/fpsyg.2023.1058927
https://doi.org/10.3389/fpsyg.2023.1058927
http://www.ansr.pt/Estatisticas/RelatoriosDeSinistralidade/Pages/default.aspx
http://www.ansr.pt/Estatisticas/RelatoriosDeSinistralidade/Pages/default.aspx
https://psycnet.apa.org/doi/10.1016/j.trf.2015.06.001
https://psycnet.apa.org/doi/10.1016/j.trf.2015.06.001
https://doi.org/10.1016/j.jsr.2014.05.002
https://doi.org/10.1016/j.jsr.2014.05.002
https://doi.org/10.1016/j.jsr.2010.10.007
https://doi.org/10.1016/j.jsr.2010.10.007
https://doi.org/10.1080/00140139.2015.1030460
https://psycnet.apa.org/doi/10.1037/0022-0167.47.1.5
https://psycnet.apa.org/doi/10.1037/0022-0167.47.1.5
https://doi.org/10.1016/j.eurpsy.2017.01.1220
https://doi.org/10.1016/j.eurpsy.2017.01.1220
https://doi.org/10.1016/j.eurpsy.2017.01.1535
https://doi.org/10.1016/j.eurpsy.2017.01.1535
https://doi.org/10.1016/j.eurpsy.2017.02.052
https://doi.org/10.1016/j.eurpsy.2017.02.052
https://doi.org/10.1201/9781315281896-101
https://doi.org/10.1177/0361198120970525

Félix Dourado et al. (2026) Personality traits as predictors of driver behaviour: a comp...

behavior in traffic among Serbian drivers’.
Transportation Research Part F: Traffic
Psychology and Behaviour, 14, 43-53.

Khattak, A. ]J., Ahmad, N., Wali, B.,, Dumbaugh,
E. (2021). ‘A taxonomy of driving errors
and violations: Evidence from the naturalistic
driving study’. Accident Analysis & Prevention,
151, 105873. https://doi.org/10.1016/j.aap.2020.
105873

Lawton, R., Parker, D., Stradling, S., Manstead, A.
(1997). ‘The role of affect in predicting social
behaviours: the case of road traffic violations’.
Journal of Applied Social Psychology, 27, 1258-
1276. https://doi.org/10.1111/j.1559-1816.1997.
th01805.x

Liao, X., Mehrotra, S., Ho, S., Gorospe,
Y, Wu, X, Mistu, T. (2022). ‘Driver
Profile Modeling Based on Driving Style,
Personality Traits, and Mood States’. IEEE
Conference on Intelligent Transportation
Systems, Proceedings, ITSC (pp. 709-716).
https://doi.org/10.1109/ITSC55140.2022.9921996

Luo, X, Ge, Y, Qu, W. (2023). ‘The association
between the Big Five personality traits and
driving behaviors: A systematic review
and meta-analysis’.  Accident Analysis and
Prevention, 183. https://doi.org/10.1016/j.aap.
2023.106968

Mallia, L., Lazuras, L., Violani, C., Lucidi, F. (2015).
‘Crash risk and aberrant driving behaviors
among bus drivers: The role of personality
and attitudes towards traffic safety’. Accident
Analysis and Prevention, 79, 145-151. https://doi.
org/10.1016/j.aap.2015.03.034

Maro6co, J. (2014). ‘Andlise Estatistica com o
SPSS’. in (62 edi¢do edn). Péro Pinheiro: Report
Number.

Oppenheim, 1., Shina, D. (2011). ‘Human Factors
and Ergonomics’. in Handbook of Traffic
Psychology. Chapter 15, In B. Porter (Ed.),
London: Academic Press (Elsevier imprint).

Owsley, C., McGwin, G. ]J.,, McNeal, S. F. (2003).
‘Impact of impulsiveness, venturesomeness and
empathy on driving by older adults’. Journal of
Safety Research, 34, 353-359. https://doi.org/10.
1016/j.jsr.2003.09.013

Parker, D., Reason, ]. T, Manstead, A.
S. R, Stradling, S. G. (1995). ‘Driving
errors, driving violations and accident
involvement’. Ergonomics, 38, 1036-1048.
https://doi.org/10.1080/00140139508925170

Payyanadan, R. P, Angell, L. S. (2022). ‘A
Framework for Building Comprehensive Driver
Profiles’. Information (Switzerland), 13(2). https:
//doi.org/10.3390/info13020061

Reason, J. T. (1990). ‘Human Error’. in . Cambridge:
Cambridge University Press.

Reason, J. T, Manstead, A. Stradling, S.,
Baxter, ]., Campbell, K. (1990). ‘Errors
and violations on the roads: A real
distinction?’. Ergonomics, 33, 1315-1332.
https://doi.org/10.1080/00140139008925335

Reimer, B., D’Ambrosio, L. A,, Gilbert, ]J., Coughlin,
]J.F.,Biederman, J., Surman, C., Fried, R., Aleardi,
M. (2005). ‘Behavior differences in drivers
with attention deficit hyperactivity disorder:
The driving behavior questionnaire’. Accident
Analysis and Prevention, 37, 996-1004. https:
//doi.org/10.1016/j.aap.2005.05.002

SafetyNet (2009). ‘Older drivers’. Technical report,
European Road Safety Observatory, European
Commission. https://road-safety.transport.
ec.europa.eu/document/download/688696de-
1888-48ea-87da-b5d2f4bbeba8_en

Tao, D., Zhang, R, Qu, X. (2017). ‘The role of
personality traits and driving experience in self-
reported risky driving behaviors and accident
risk among Chinese drivers’. Accident Analysis
and Prevention, 99, 228-235. https://doi.org/10.
1016/j.aap.2016.12.009

Treat, J. R.,, Tumbas, N. S., McDonald, S. T., Shinar,
D., Hume, R. D., Mayer, R. E,, ... (1979). ‘Tri-level
study of the causes of traffic accidents: final
report. Executive summary’. Technical report,
Institute for Research in Public Safety, Indiana
University, Bloomington.

Tselentis, D. 1., Papadimitriou, E. (2023). ‘Driver
Profile and Driving Pattern Recognition for
Road Safety Assessment: Main Challenges and
Future Directions’.  IEEE Open Journal of
Intelligent Transportation Systems, 4, 83-100.
https://doi.org/10.1109/0J1TS.2023.3237177

Ulleberg, P. (2002). ‘Personality subtypes of young
drivers. Relationship to risk-taking preferences,
accident involvement, and response to a traffic
safety campaign’. Transportation Research Part
F: Traffic Psychology and Behaviour, 4, 279-297.
https://doi.org/10.1016/S1369-8478(01)00029-8

Vaa, T. (2014). ‘From Gibson and Crooks to
Damasio: The role of psychology in the
development of driver behaviour models’.
Transportation Research Part F: Traffic
Psychology and Behaviour, 25, 112-119.
https://doi.org/10.1016/j.trf.2014.02.004

Weller, G., Schlag, B., Gatti, G., Jorna, R., van de
Leur, M. (2006). ‘Human factors in road
design: State of the art and empirical evidence’.
Technical report, European Commission,
Directorate-General for Transport and Energy.
Document ID RI-TUD-WP8-R1-V5-Human-
Factors, Brussels.

Wierwille, W. W.,, Hanowski, R. J., Hankey, J. M,,
Kieliszewski, C. A, Lee, S. E., Medina, A., Dingus,
T. A. (2002). ‘Identification of driver errors:
overview and recommendations’. Technical

Traffic Safety Research 18


https://doi.org/10.1016/j.aap.2020.105873
https://doi.org/10.1016/j.aap.2020.105873
https://doi.org/10.1111/j.1559-1816.1997.tb01805.x
https://doi.org/10.1111/j.1559-1816.1997.tb01805.x
https://doi.org/10.1109/ITSC55140.2022.9921996
https://doi.org/10.1016/j.aap.2023.106968
https://doi.org/10.1016/j.aap.2023.106968
https://doi.org/10.1016/j.aap.2015.03.034
https://doi.org/10.1016/j.aap.2015.03.034
https://doi.org/10.1016/j.jsr.2003.09.013
https://doi.org/10.1016/j.jsr.2003.09.013
https://doi.org/10.1080/00140139508925170
https://doi.org/10.3390/info13020061
https://doi.org/10.3390/info13020061
https://doi.org/10.1080/00140139008925335
https://doi.org/10.1016/j.aap.2005.05.002
https://doi.org/10.1016/j.aap.2005.05.002
https://road-safety.transport.ec.europa.eu/document/download/688696de-f888-48ea-87da-b5d2f4bbeba8_en
https://road-safety.transport.ec.europa.eu/document/download/688696de-f888-48ea-87da-b5d2f4bbeba8_en
https://road-safety.transport.ec.europa.eu/document/download/688696de-f888-48ea-87da-b5d2f4bbeba8_en
https://doi.org/10.1016/j.aap.2016.12.009
https://doi.org/10.1016/j.aap.2016.12.009
https://doi.org/10.1109/OJITS.2023.3237177
https://doi.org/10.1016/S1369-8478(01)00029-8
https://doi.org/10.1016/j.trf.2014.02.004

Félix Dourado et al. (2026) Personality traits as predictors of driver behaviour: a comp...

report, FHWA. Report No. FHWA-RD-02-003.

World Health Organization (2023). ‘Global status
report on road safety 2023’. Technical report,
Geneva. Licence: CC BY-NC-SA 3.0 IGO.

Yang, J., Du, F, Qu, W, Gong, Z., Sun, X.
(2013). ‘Effects of Personality on Risky Driving
Behavior and Accident Involvement for Chinese
Drivers’. Traffic Injury Prevention, 14(6),
565-571. https://doi.org/10.1080/15389588.2012.
748903

Zhang, Y., Zhu, W,, Xiao, Y., Kramer, A. F, Lin, Y.

(2024). ‘A Systematic Review and Meta-Analysis
of Older Adults’ Cognitive Impairments and
Effects on Road Safety’. Proceedings of the
Human Factors and Ergonomics Society Annual
Meeting (pp- 1279-1286). https://doi.org/10.1177/
10711813241284571

Zuckerman, M. (1994). ‘Behavioral expressions and

biosocial bases of sensation seeking’. in . New
York: Cambridge University Press.

Traffic Safety Research 19


https://doi.org/10.1080/15389588.2012.748903
https://doi.org/10.1080/15389588.2012.748903
https://doi.org/10.1177/10711813241284571
https://doi.org/10.1177/10711813241284571

Félix Dourado et al. (2026) Personality traits as predictors of driver behaviour: a comp...

APPENDIX A

Table 11. Pearson Correlation Coefficient (r) between social demographic, personality traits,
driver behaviour dimensions and accidents per year of driving licence variable (Source: Dourado
et al., 2017a).

IAD NIE Lapses DBQ Accid/driving lic year
IAD r 0.214
sig. <0.001
N 747
NIE r 0.431 0.221
sig. <0.001 <0.001
N 747 747
Lapses r 0.326 0.540 0.176
sig. <0.001 <0.001 <0.001
N 747 747 747
DBQ r 0.792 0.802 0.764 0.260
sig. <0.001 <0.001 <0.001 <0.001
N 747 747 747 747
Age r -0.239 -0.050 -0.092  -0.176 -0.211
sig. <0.001 173 .012 <0.001 <0.001
N 747 747 747 747 747
Gender r 0.254 0.014 -0.133 0.079 0.046
sig. <0.001 0.697 <0.001 .030 0.743
N 747 747 747 747 747
Education r 0.16 0.110 0.168 0.188 0.012
sig. <0.001 .003 <0.001 <0.001 0.743
N 747 747 747 747 747
Years of driving license r -0.174 -0.036 -0.072  -0.130
sig. <0.001 .323 .048 <0.001
N 747 747 747 747
Years of frequent driving r -0.166 -0.044 -0.080 -0.132
sig. <0.001 225 .029 <0.001
N 747 747 747 747
Neuroticism r 0.092 0.188 0.166 0.182 0.058
sig. .012 <0.001 <0.001 <0.001 0.112
N 747 747 747 747 747
Extraversion r 0.138 -0.038 -.071 0.027 -0.001
sig. <0.001 0.301 .052 0.462 0.984
N 747 747 747 747 747
Openness to Experience r -0.017 -0.015 0.113 0.031 -0.013
sig. 0.636 0.686 .002 0.400 0.731
N 747 747 747 747 747
Agreeableness r -0.142 -0.038 0.010 -0.082 -0.017
sig. <0.001 0.296 0.779 .026 0.640
N 747 747 747 747 747
Conscienciousness r -0.026 -0.188 -0.157  -0.146 -0.071
sig. 0.474 <0.001 <0.001 <0.001 0.053
N 747 747 747 747 747
Impulsivity r 0.259 0.212 0.227 0.299 0.064
sig. <0.001 <0.001 <0.001 <0.001 0.081
N 747 747 747 747 747
Sensation Seeking r 0.301 0.115 0.131 0.246 0.047
sig. <0.001 .002 <0.001 <0.001 0.202
N 747 747 747 747 747
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Continued...
IAD NIE Lapses DBQ Accid/driving lic year
ImpSS r 0.337 0.177 0.195 0.312 0.062
sig. <0.001 <0.001 <0.001 <0.001 0.089
N 747 747 747 747 747
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