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Abstract: The driver’s personality is a key human factor for the assessment of the fitness to drive
(FTD), affecting driving decisions and behavior, with consequences on driving safety. No previous
study has investigated the effectiveness of Minnesota Multiphasic Personality Inventory (MMPI)-2
scales for predicting the FTD. The present study aimed to compare two MMPI-2-based models
of normal and pathological personality traits (i.e., Inventory of Driving-related Personality Traits
(IVPE)-MMPI vs. Personality Psychopathology Five (PSY-5) scale) in predicting the cognitive FTD.
One hundred young and eighty-seven adult active drivers completed the MMPI-2 questionnaire
as a measure of personality and a computerized driving task measuring for resilience of attention
(Determination Test (DT)), reaction speed (Reaction Test (RS)), motor speed (MS), and perceptual
speed (Adaptive Tachistoscopic Traffic Perception Test (ATAVT)). The effects of age, gender, and
education were also controlled. Results showed that the models controlled for demographics over-
performed those neglecting them for each driving outcome. A negative effect of age was found
on each driving task; the effect of gender, favoring males, was found in both the RS and the MS,
and the effect of education was found on the DT and the ATAVT. Concerning personality traits,
significant effects were found of sensation seeking (IVPE-MMPI) on each outcome; of anxiety (as a
measure of emotional instability; IVPE-MMPI) and introversion (PSY-5) on the measures of MS; and
of psychopathic deviation (as a measure of self-control; IVPEMMPI) on the DT. The study confirmed
the key role of demographic factors in influencing the FTD, further suggesting the usefulness of some
MMPI2-based personality scales in the assessment of driving-related personality determinants.

Keywords: fitness-to-drive; personality; cognition; regression models; assessment; MMPI-2

1. Introduction

Research on traffic accidents shows that the human factor is considered the main
factor underlying motor vehicle crashes [1–5]. Driving a motor vehicle is a complex
activity that relies on visual, motor, and cognitive skills [6–9]. The other psychological
factor that plays a key role in driving performance is personality, as it affects both driving
behaviors and the likelihood of being involved in car accidents [10,11]. Personality can be
defined as the individual difference in the tendency to show consistent patterns of thoughts,
feeling, and actions [11,12]. According to Nichols et al. (2012), “Personality significantly
affects much of what we do as humans” [13] (p. 134). The way in which the individual
personality has an impact on driving behavior could be considered a relevant issue to road
safety [14,15]. In fact, several scholars agree on recognizing the driver’s personality as a
more general or distal factor that interacts with more proximal factors (e.g., driving skills
and driving behaviors), thus determining the likelihood of being involved in motor vehicle
accidents [10,16–18].
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Despite the wealth of literature in the field, according to Sommer et al. [5], it seems
to be extremely difficult to determine a clear relationship between personality, driving
behaviors, and accidents. According to Poó and Ledesma [15], such complexity seems to be
attributable to the heterogeneity of variables that affect driving behaviors, such as drivers’
characteristics, behavioral patterns, and the environmental context [3], which have been
studied separately rather than in a multidimensional approach [19].

Moreover, personality traits have been assessed using different theoretical models
(e.g., the five-factor model or the sixteen personality factors), which makes it challenging to
integrate and compare results [15]. Thus, the research on driving-related personality traits
is rather fragmented [20].

Personality traits seem to influence driving goals and driving performance, which are
two components of the tactical level of the hierarchical model of driving behavior proposed
by Michon [6] as being composed by three levels: strategic, tactical, and operational.

The strategic level includes decisions and choices that precede the driving activity
(e.g., travel destination, the vehicle, and the road to go through). At the tactical level, the
driving goals and driving performance are adjusted according to real traffic demands by
cognitive processes and decisions. The operational level describes the implementation of
driving maneuvers and reactions to the driving environment, supported by cognitive and
motor resources.

Thus, driving-related personality traits differentially affect the three levels of the
driving behavior model. In this context, the present study addresses the relationship of
both driving-related and pathological personality traits with cognitive prerequisites for
the fitness to drive. The following sections highlight the main findings of the different
frameworks of personality traits investigated in driving research. Moreover, the links
between normal and pathological personalities, the driver’s demographic characteristics,
and cognitive prerequisites for driving are also introduced.

1.1. Models of Personality Traits in Driving

The relationship between personality and the fitness to drive has been usually ex-
amined following different theoretical frameworks such as the five-factor model [21],
the Myers–Briggs Type Indicator [22], Eysenck’s personality model [23], the alternative
five-factor model [24], and Cattell’s sixteen personality factors [25]. All these personal-
ity perspectives are suitable for studying driving-related personality traits, and they are
associated with certain driving measures.

The five-factor model [21,26,27] is the best-accepted personality theory, and it is
composed of neuroticism, extraversion, openness, agreeableness, and conscientiousness.
Extraversion has been shown to be positively associated with risky driving [28–30]. Neuroti-
cism seemed to be related to vehicular accidents and fatalities [30–32]. Conscientiousness
was found to be negatively correlated with risky driving [33] and motor vehicle crashes [34].
Concerning agreeableness and openness, the former was shown inversely associated with
risky driving [33], whereas the latter was positively associated with traffic accidents [35].

Regarding Eysenck’s theory of personality [36], which classifies personality into ex-
traversion, neuroticism, and psychoticism, high scores on extraversion have been found to
be positively correlated with motor vehicle crashes and aberrant driving behaviors [37,38].
Neuroticism was associated with aggressive driving and fatigue [39,40]. Finally, psychoti-
cism showed a positive correlation with self-reported driving behaviors [41] and driving
skills [42].

By using Cattell’s sixteen personality factors (16PF) [43], previous studies have demon-
strated that [44] measures of emotional stability, liveliness, warmth, social boldness, ab-
stractedness, openness, and dominance are combined with risky driving and a higher
motor vehicle crash incidence [44–46]; on the other hand, measures of vigilance, apprehen-
sion, self-reliance, perfectionism, sensitivity, and tension have shown associations with
safe driving [44–46]. Moreover, Yan et al. [47] clustered the 16PF scores obtaining four
personality types, namely inapprehension, insensitivity, apprehension, and unreasoning.
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The participants labeled within the unreasoning type had the worst simulated driving
performance, with more collisions than the participants belonging to the other three types.

Since personality may change during a lifetime [48], influencing in a different way the
driving behavior of male and female drivers [49,50], some demographic aspects (i.e., age
and gender) need to be considered in the study of driving-related human factors [51].

1.2. Age and Gender Differences in Driving-Related Personality Traits

The background research approaching driving-related personality traits suggests sig-
nificant age and gender differences among drivers [51]. The age group most frequently
involved in road accidents is represented by young, novice drivers. The young have the
tendency to underestimate traffic risks, to overestimate their driving skills, and, finally,
to use unsafe strategies to manage hazardous driving events [52–54]. According to Zi-
cat et al. [55] sensation seeking, trait anxiety, and anger are considered the personality
factors most involved in driving actions among young adults. Sensation seeking has been
defined as “the seeking of varied, novel, complex and intense sensations and experiences,
and the willingness to take physical, social, legal, and financial risks for the sake of such
experience” [56] (p. 27).

Sensation seeking is strictly linked to impulsivity, but they are not the same con-
struct [57]. While the former refers to the search for stimulating experiences, impulsivity
refers to the lack of self-control in response inhibition [57,58]. Young drivers with high
sensation seeking were more likely to go fast, to not wear safety belts, to drive after drink-
ing alcohol, to have a low risk aversion, to drive recklessly, to state high self-reported
risky driving behaviors, and, thus, to report a high accident risk [59–64]. Trait anxiety
seemed to have a non-linear relationship with risky driving in young drivers [55]. The high
level of trait anxiety was positively associated with risky driving behaviors, while a low
anxiety score was more likely associated with a decreased self-perceived crash risk and
negative driving attitudes [14,65]. Finally, driving anger seemed to predict aggressive as
well as risky driving, and it has been associated with reckless driving behaviors in younger
drivers [19,59].

On the contrary, the literature regarding older drivers has devoted less attention to
driving-related personality traits focusing mainly on perceptual and cognitive risk fac-
tors [9,11,66,67]. According to a recent review [67], studies focusing on standard tools for
assessing personality traits (non-driving-specific) generally found no significant associa-
tions between them and driving measures. Conversely, studies that employed specific tools
for assessing driving-related personality traits (e.g., sensation seeking, anxiety, impulsivity,
etc.) have shown strong relationships between them and both rule violations and driving er-
rors [66,68]. Moreover, in the study of Lucidi et al. [9], sensation seeking positively affected
self-reported driving violations, whereas hostility showed associations with driving lapses
and errors in a sample of active older drivers. Furthermore, anxiety, normlessness, and
hostility predicted attitudes toward driving safety, which, in turn, predicted self-reported
aberrant driving behaviors [9]. Personality is a key aspect of the fitness to drive in younger
drivers, and since personality traits may change during the lifetime (including aging) [48],
the relatively few studies on older drivers have argued that it is surprising that the previous
literature paid so little attention to the study of personality [11,66].

According to Norris et al. [69] and Constantinou et al. [70], the significant effect of
gender on car crash proneness might interact with personality among young drivers. Males
seemed to show a higher level of sensation seeking, with more self-reported accidents
and driving violations than females, who, in turn, presented higher scores on sensitivity
to punishment, which may then be considered a protective factor against risky driving
behavior [70]. Scott-Parker et al. [71] showed that a high sensation-seeking propensity
and owning a car significantly predicted self-reported speeding in young female drivers.
Moreover, females were showed to be more likely engaged in self-regulatory behaviors than
males [50]. Otedal and Rundmo [49] showed that male drivers, instead, are found to be
more likely associated with both normlessness personality and risky driving. Eduardo and
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Ildefonso [72] found a marked significant effect of personality on traffic accidents in males,
while they found no evidence for females. According to the authors, such difference is
attributable to gender-related differences in positive affect, risk perception, driver violence,
and impulsivity [73–75].

1.3. Normal and Pathological Personality Traits Related to the Cognitive Fitness to Drive

Relatively few studies have investigated the relationship between normal or patholog-
ical personality traits and cognitive functions related to driving. By using a driving-specific
computerized tool (e.g., the Vienna Test System) [76], Nechtelberger et al. [77] recently
investigated the relationship between personality traits, cognitive abilities, and fluid intelli-
gence in drivers with a revoked driving license due to intoxicated driving (alcohol/drug
consumption). Authors found that participants with higher emotional instability showed
lower hand–eye coordination, poorer selective attention, and poorer resilience of attention,
as well as lower perceptual and motor speed, compared with those lower in emotional
instability. Moreover, a high level of sense of responsibility was linked to a high fitness to
drive, hand–eye coordination, and perceptual speed. Finally, a high level of self-control
was found to be a significant predictor of higher motor speed. Vetter et al. [78] found a
similar effect of social responsibility on cognitive prerequisites of the fitness to drive in a
sample of professional drivers.

Sommer et al. [5] investigated cognitive and personality predictors of driving fitness.
The authors measured driving-related abilities and personality traits of participants (e.g.,
sensation seeking, social responsibility, accepted level of risk, self-control, and emotional
stability) and observed their on-road driving performance. First, results showed that
the relationship between personality and the fitness to drive may not be linear; indeed,
the artificial neural network provided superior results when compared with classical
multivariate methods. Second, measures of emotional stability, social responsibility, and the
subjectively accepted level of risk added incremental validity to driving-related cognitive
abilities in predicting the on-road driving performance.

Both studies [5,77] used the Inventory of Driving-related Personality Traits (IVPE) [79],
which is a standardized questionnaire consisting of 39 items measuring four driving-
related personality traits, namely sensation seeking, social responsibility, self-control, and
emotional stability. Results from both studies pointed out the predictive role of social
responsibility, emotional stability, and self-control on both cognitive prerequisites for the
fitness to drive and the on-road driving performance.

Finally, recent studies have reported age and gender differences in cognitive functions
implied in the fitness to drive, such as memory, perceptual speed, motor reaction times,
resilience of attention, executive functions, and visuospatial skills [77,80,81].

Regarding pathological personality, according to Alavi et al. [42], mental illness might
adversely affect cognitive functions essential for driving, particularly in the case of a comor-
bidity with alcohol and/or drug abuse [82,83]. The authors stated that the consequences of
mental illness could jeopardize the driving behaviors of the normal population. Drivers
who reported depression and anxiety and those with psychiatric disorders (e.g., bipolar dis-
order, schizophrenia spectrum, major depressive disorder) showed an impaired fitness to
drive, and they reported significantly higher driving violations and motor vehicle accidents
when compared with healthy participants [42,84–86].

According to Waller [87], the psychopathological condition and its drug therapy leads,
at all ages, to impairments in cognitive functioning (e.g., attention and concentration) and
psychomotor skills that are determinants to the fitness to drive [84,87]. Mood disorders
have been previously associated with fatal car accidents [88] and with decreased reaction
times in a simulated driving task [89]. During an on-road driving test, untreated depressed
patients showed a higher standard deviation of the lateral position (i.e., a measure of vehicle
control tracking) than healthy controls [90]. Furthermore, both young and adult drivers
with ADHD (characterized by inattention, hyperactivity, and impulsivity) [91] showed
lower simulated driving performance than controls [92], and ADHD was significantly
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associated with traffic accidents [93]. Anxiety disorders were associated with driving
violations and intoxicated driving [94–96]. Obsessive-compulsive symptoms increased the
odds of accidents by more than twofold in a sample of Persian bus and truck drivers [42].
Moreover, other research [97–99] demonstrated that people with personality disorders (e.g.,
schizoid, paranoid, compulsive, avoidant, borderline, etc.) showed higher accident rates,
drunken driving, reckless driving, failure to stop, and improper turns when compared
with their controls.

Since psychopathological personality traits may adversely affect cognitive and motor
skills involved in driving fitness [84], the assessment and detection of pathological traits in
the non-clinical driving population might be essential from a preventative perspective [42].
It is likely that a diagnostic interview employed in the evaluation of a pathological personal-
ity and mental illness might help to better estimate the individual fitness to drive, especially
for professional drivers [42]. To this purpose, the Minnesota Multiphasic Personality Inven-
tory (MMPI) [100] is one of the most used personality questionnaires for a comprehensive
assessment of both healthy and pathological personalities [101]. Despite this, it has been
rarely used in driving research. The second version of the tool, MMPI-2 [102], is a 567-
item questionnaire that provide scores on 77 personality scales. Among these scales, the
Personality Psychopathology Five (PSY-5) scale can also be scored [103]. According to the
Personality Psychopathology Five model [104], five broad personality traits (e.g., aggres-
siveness, negative emotionality, psychoticism, disconstraint, and introversion) are relevant
in everyone’s daily living and describe individual differences in personality traits that
could impact clinical problems. This model of personality addresses personal differences
in adaptive functioning in both clinical and non-clinical samples [105].

To the best of our knowledge no previous study has investigated the usefulness of the
PSY-5 scale in discriminating the drivers’ fitness-to-drive.

1.4. The Present Study

Psychopathological personality traits might have consequences in daily activities,
leading to clinical problems. From a preventative point of view, the screening of these traits
in the evaluation of the fitness to drive could be a promising way to discriminate potential
risky drivers. Moreover, the focus on driving-related personality traits may be helpful in
designing training interventions improving safety in driving practices.

The main aim of the present study was to compare two MMPI-2-based models of
personality traits (driving related and pathological) in predicting the measures of cognitive
and motor prerequisites of the fitness to drive in a sample of non-clinical young (18–34
years) and adult (37–64 years) drivers. A secondary aim of the study was to investigate
the potential effects of the two personality models on driving prerequisites controlling
for demographic characteristics (e.g., age, gender, and level of education). To this pur-
pose, the model of traits from the Inventory of Driving-related Personality Traits (IVPE;
e.g., sensation seeking, social responsibility, self-control, and emotional stability) [79] was
subsumed by selecting associated personality traits provided by the MMPI-2. This model
was compared with the Personality Psychopathology Five model (PSY-5; e.g., aggressive-
ness, negative emotionality, psychoticism, disconstraint, and introversion) [105] in the
prediction of resilience of attention, motor speed, reaction speed, and visual perceptual
speed, separately.

First, as observed in recent studies [77], a significant and negative effect of age was
expected on measures of the fitness to drive in both models. Moreover, a gender effect was
expected on measures of resilience of attention in favor of females and on motor speed in
favor of males [81]. No effects of education were expected on driving measures. To the
best of our knowledge, no previous studies have investigated the employability of PSY-5
personality traits in predicting driving measures. Significant results are expected for an
inverse relationship of aggressiveness, psychoticism, and neuroticism on measures of the
fitness to drive [30–32,84]. In light of previous studies that employed the IVPE [5,77,78], it
was hypothesized that (a) sensation seeking would negatively affect all prerequisites of
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driving fitness due to a decreased ability to adapt responses to the task’s demands [106]
and (b) social responsibility, emotional stability, and self-control would positively affect
resilience of attention, motor and reaction speed, and perceptual speed independently of
age and gender [5,77].

The two investigated MMPI-based models were tested twofold for each outcome: in
one instance considering only personality traits and secondly by adding to those demo-
graphic variables (i.e., age, gender, and level of education).

2. Materials and Methods
2.1. Participants

A power analysis to estimate the sample size was carried out using G*Power 3.1 [107]
with the following parameters: test family (F-tests); linear multiple regression (fixed
model, R2 increase as a statistical test); a p-value of 0.022 (according to a Bonferroni
correction/which assumes a mean correlation coefficient of 0.30); a cautious low effect
size (0.10); a power of 0.80; and eight tested predictors. Results indicated that a sample
size of 162 participants was adequate to warrant an 80% chance of correctly rejecting the
null hypothesis.

This study enrolled 187 healthy participants, including 64 females, between 18 and
64 years of age, of which 100 were younger adults between 18 and 34 years of age (33 fe-
males, age mean ± SD = 23 ± 3.53 years, level of education mean ± SD = 13.2 ± 1.03 years)
and 87 were mature adults aged between 37 and 64 years (31 females, age mean ± SD =
54.3 ± 7.32 years, level of education mean ± SD = 11.2 ± 2.82 years). Descriptive statistics
for the two groups are reported in Table S1. All participants were required to (i) speak
Italian as their mother tongue; (ii) hold a valid current driver’s license, provisional or
above; (iii) have normal cognitive functioning (above the standardized cutoffs); (iv) have
normal or corrected-to-normal vision; (v) have driven more than one time within the last
month; and (vii) not be and (viii) not have been a professional driver (e.g., of a taxi, truck,
or bus). The participants were volunteers recruited with the support of a proxy informant,
generally undergraduate and graduate students, and trainees. All participants were blind
to the hypothesis of the study and signed their informed consent prior to enrollment.

The Ethical Committee of the Department of Education, Psychology and Communi-
cation of the University of Bari approved the study protocol, and the whole study was
performed following the Declaration of Helsinki and its later amendments.

2.2. Materials and Procedures

All participants were from the metropolitan area of Bari, Italy. Participants had to be
in a good general state of physical and psychological health. All participants were enrolled
between April and July 2019. A brief interview was administered by supervised trainees in
clinical psychology and neuropsychology to collect demographic information, to exclude
neurodegenerative and vision/acoustic disorders, and to gather information about each
participant’s driving rates. After completing the interview, all participants completed the
below-described tests.

2.2.1. Overall Cognitive Functioning

The Montreal Cognitive Assessment (MoCA) [108] was used to evaluate the over-
all cognitive functioning. MoCA assesses several cognitive domains, namely visuospa-
tial/executive, naming, attention, language, abstraction, memory, and orientation, on a
30-point scale. The best cutoff used in an Italian sample was a MoCA score of <=17 [109,110]
for discriminating participants with probable cognitive impairment. No one was excluded
from the sample.

2.2.2. Fitness-to-Drive Screening

The Fitness to Drive Screening (DRIVESC-Version 03) [77] is a test set of Schuh-
fried’s Vienna Test System. This tool allows one to validly assess an individual’s fitness
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to drive [111–115]. The apparatus includes an ergonomic response panel, two foot ped-
als, a standard audio output device (headset), and a video screen. The experimental
screening took approximately 25 min, and it included three subtests: Reaction Test (RT),
Determination Test (DT), and Adaptive Tachistoscopic Traffic Perception Test (ATAVT).

The RT measures the participant’s motor time and reaction time. Participants had to
react to a specific combination of auditory and visual stimuli as quickly and as accurately as
possible. Each participant was instructed to keep one finger on a rest button while stimuli
were presented. When the relevant combination occurred, the participant had to release
the finger from the rest button, quickly press the response button, and then immediately
replace the finger on the rest button. The RT provides two distinct measures: (i) reaction
speed (RS), that is, the time taken to initiate the movement, and (ii) motor speed (MS), that
is, the time taken to press the response button after the finger has been lifted from the rest
button. The measures are taped in milliseconds: a short time of reaction (i.e., high visual
and motor reaction speed) corresponded to a higher ability to quickly respond.

The DT provides a measure of resilience of attention, that is, reactive stress tolerance.
Participants had to react as quickly and as accurately as possible to rapidly changing
acoustic and visual stimuli of different frequencies and colors. The software varied the
speed of stimuli presentation to adapt to each participant’s ability in terms of accuracy
(i.e., hits, omissions, and false alarms) and response delay (i.e., milliseconds), providing a
unique score.

The ATAVT measures the ability to gain an overview of a traffic scenario that includes
the quick detection of objects and visual patterns [116]. The ATAVT was administered in
the right-hand traffic form according to the Italian traffic laws. In this subtest, pictures of
everyday traffic scenarios were presented very briefly after an acoustic cue. Participants
had to state which of the five groups of objects (i.e., motorcycles/bicycles, automobiles,
traffic signs, traffic lights, and pedestrians) they perceived. The participants’ performance
was the number of correct responses (omissions and false alarms were also recorded).

The scores of the three subtests were provided as a raw score (called parameters) and
percentile ranks. For statistical analysis, only percentile ranks were considered.

The entire procedure was made clear to the participants beforehand. Participants
were assessed individually in a silent and well-lit room, without disturbances, in the
Department of Educational Sciences, Psychology, Communication of the University of Bari.
Each assessment session was accomplished by two instructed research assistants and lasted
60–90 min, with breaks provided, as requested.

2.2.3. Personality Assessment

The Minnesota Multiphasic Personality Inventory 2 [102] is a personality questionnaire
used for the evaluation of the personality profile [117,118]; this tool is one of the most used
in the assessment of normal and pathological personalities. It includes 567 true-or-false
items. The assessed personality traits are divided into different groups of scales, namely
validity, content, clinical, and supplementary indicators. The scores are provided as raw
scores and T-scores. According to the Italian validation [118], a T-score of >65 represents
attributable symptoms due to the presence of psychopathology. For the purposes of the
present study, the personality traits of interest were extracted from different scales and
were considered for statistical analysis.

The Personality Psychopathology Five traits were scored from the entire pool of
items of the MMPI-2, following the study of Harkness et al. [103]. The PSY-5 scale in-
cludes traits of aggressiveness (AGGR), psychoticism (PSY), constraint (DISC), negative
emotionality/neuroticism (NEGE), and introversion (INTR).

The IVPE-MMPI-based personality traits were selected according to their shared char-
acteristics with the constructs included in the IVPE (e.g., sensation seeking, emotional
stability, self-control, and social responsibility). First, the MMPI-based sensation-seeking
scale (MSS) was developed from the item pool of the MMPI-2, inspired by the study of
Viken et al. [119], who previously developed and validated an 18-item MMPI-derived
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sensation-seeking scale. A preliminary factorial analysis was performed on the 16 items
available in the MMPI-2. The anxiety (ANX) scale was selected from the group of sup-
plementary traditional scales of the MMPI-2 as a measure of emotional stability. The
scale of psychopathic deviation (PD) extracted from the group of clinical scales was se-
lected as a measure of self-control, according to the definition provided in the Manual
of the MMPI-2 [120]. Finally, the scale of social responsibility (SR) was selected from the
supplementary additional scales from the MMPI-2, mirroring the IVPE’s social responsibil-
ity factor.

2.3. Statistical Analysis

A chi-square test between gender (females and males) and age (young and adult) was
performed to test for their independence. Independent samples t-tests were performed to
test differences in performance measures, level of education, and personality measures
between both age and gender groups. Factor analysis was performed on the items of
the developed MMPI-based sensation-seeking scale (MSS) using Jamovi software [121].
Internal consistency was determined using Cronbach’s alpha. Explorative factor analysis
(EFA) was carried out to achieve the best factorial solution for the MMPI-based sensation-
seeking scale (MSS), namely a single-factor solution found by Viken et al. [119]. Correlation
coefficients and related p-values were calculated between all the employed variables.
Finally, to investigate the influence of demographic and personality variables on driving
performance, a series of multiple regression analyses was performed using the lavaan
package in R software [122]. The value of p was set to 0.05 for calculation of statistical
significance. Two groups of regression models for each driving prerequisite were tested for
both PSY-5 vs. IVPE-MMPI-based predictors: (1) one ignoring demographic variables and
(2) the other including demographic variables as predictors. The effect size Cohen’s f2 was
estimated for each model [123]. For each of the two comparisons (PSY-5 vs. IVPE-MMPI),
the Akaike Information Criterion (AIC) was considered. The lower the model’s AIC, the
better the model’s fit [124].

3. Results
3.1. Descriptive Statistics and Preliminary Analyses

Means, standard deviations, and correlation coefficients for the variables employed
in the study are showed in Table S1. Cronbach’s alpha is reported for psychometric stan-
dardized tools. The chi-square test on contingency tables showed that in the composition
of the sample, genders were equally represented in each age group (χ2 = 0.143, p = 0.70).
The results of Welch’s t-test for independent samples revealed a significant difference in
the level of education between young and adult drivers (education: Welch’s t(106) = 6.34,
p < 0.001) with a large effect size (Cohen’s d = 0.98), in favor of young drivers. More-
over, the t-test for independent samples revealed significant differences between the age
groups in cognitive and driving tests, in favor of young drivers (MoCA: t(185) = 3.44,
p < 0.001; DT: Welch’s t(150) = 10.50, p < 0.001; MS: t(185) = 5.71, p < 0.001; RS: t(185) = 4.47,
p < 0.001; ATAVT: t(185) = 6.18, p < 0.001). Regarding the measures of personality, the
young drivers showed significantly higher scores on sensation seeking and psychopathic
deviation (MSS: t(185) = 5.85, p < 0.001; PD: Welch’s t(184) = 3.68, p < 0.001) and lower
scores on social responsibility (SR: t(185) = −2.09, p < 0.038) than adult drivers. Consider-
ing gender differences, males showed significantly lower motor and reaction times (MS:
t(185) = −6.87, p < 0.001; RS: t(185) = −3.05, p < 0.005) and higher sensation-seeking scores
(MSS: t(185) = −4.28, p < 0.001) than females, who, in turn, showed higher scores on anxiety
(ANX: Welch’s t(107) = 3.03, p < 0.003). No significant gender differences were found
in the level of education, overall cognitive functioning, and the remaining driving and
personality measures.
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3.2. Factor Analysis and Reliability of the MMPI-2-Based Sensation-Seeking Scale (MSS)

The items of the MSS were extracted from the MMPI-2, as reported by Viken et al. [119]
by using the former version of the MMPI. Exploratory factor analysis (EFA) was performed
on 16 items to investigate the factorial structure of the instrument. The Kaiser–Meyer–Olkin
measure verifies a discrete sampling adequacy (KMO = 0.71), and Bartlett’s test of sphericity
indicated that the correlation structure was adequate for the analysis (χ2 (120) = 372,
p < 0.001). Six items showed factor loadings below the set cutoff (cutoff = 0.25) and
were removed. The single-factor solution made by 10 items accounted for 17.5% of the
variance, with factor loadings from 0.295 to 0.685. The best-fitting model provided an
adequate fit to the data (χ2 (35) = 50.9, p < 0.04; TLI = 0.862, BIC = −132, RMSEA = 0.052,
90% CI = 0.012–0.078). Internal consistency for the unique factor of the MSS total score
was also evaluated using Cronbach’s alpha. The MSS showed an internal consistency
value of 0.66.

3.3. Multiple Regression Analyses

A series of multiple regression analyses was run considering the personality traits
included in PSY-5 and IVPE-MMPI-based models as predictors of the driving measures.
For each driving outcome (e.g., DT, MS, RS, ATAVT), four multiple regression models were
created: two uncontrolled and two controlled for demographics.

3.3.1. Resilience of Attention (DT)

The first group of regression models were tested on the DT. The first comparison
was performed between models uncontrolled for demographics. Effects are reported in
Table 1a. R2 for the IVPE-MMPI model was equal to 0.11 (adj. R2 = 0.089) and for the
PSY-5 model was equal to 0.03 (adj. R2 = 0.013). A lower AIC was found for the former
(AIC = 1722.726) compared to the latter (AIC = 1738.693). Moreover, the models showed
almost equal small effect sizes (Cohen’s f 2 < 0.15). The PSY-5 model showed no significant
effects of personality predictors. With respect to the IVPE-MMPI model, significant results
were found for the effects of sensation seeking (β = 0.660, p < 0.001) and psychopathic
deviation (β = 0.475, p < 0.012).

The second comparison was performed controlling for demographics in both the IVPE-
MMPI model and the PSY-5 model. Significant and non-significant effects are reported
in Table 1b. R2 for the IVPE-MMPI model was equal to 0.41 (adj. R2 = 0.39) and for the
PSY-5 model was equal to 0.42 (adj. R2 = 0.39). A lower AIC was found for the latter
(AIC = 1650.703) compared to the former (AIC = 1650.544). Moreover, the models showed
almost equal large effect sizes (Cohen’s f 2 > 0.60). Significant effects were found for age
and level of education in both the IVPE-MMPI model (AGE: β = −25.869, p < 0.001; EDU:
β = 1.741, p < 0.014) and the PSY-5 model (AGE: β = −27.550, p < 0.001; EDU: β = 1.589,
p < 0.028).

3.3.2. Reaction Speed (RS)

The first comparison was performed between models uncontrolled for demographics.
Effects are reported in Table 2a. R2 for the IVPE-MMPI model was equal to 0.05 (adj.
R2 = 0.03) and for the PSY-5 model was equal to 0.06 (adj. R2 = 0.03). A lower AIC was
found for the former (AIC = 1770.433) compared to the latter (AIC = 1771.143). Moreover,
the models showed almost equal small effect sizes (Cohen’s f 2 < 0.15). The PSY-5 model
showed no significant effects of personality predictors. With respect to the IVPE-MMPI
model, a significant result was found for the effect of sensation seeking (β = 0.578, p < 0.007).
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Table 1. Standardized beta coefficients. Standard errors and significance levels for predictors of the Determination Test
(DT) variable. Adjusted R2 and Akaike Information Criterion (AIC) are also reported. Comparisons between models are
presented uncontrolling for demographics (a) and considering their contribution (b).

(a) MODELS’ COMPARISON: DETERMINATION TEST

IVPE-MMPI PSY-5

β Std. Err. t p-Value β Std. Err. t p-Value

MSS 0.660 0.187 3.526 <0.001 AGGR −0.162 0.219 −0.742 0.458
SR 0.129 0.210 0.614 0.539 PSYC −0.491 0.277 −1.775 0.077
PD 0.475 0.188 2.526 0.012 DISC 0.301 0.196 1.532 0.127

ANX −0.188 0.219 −0.856 0.393 NEGE −0.022 0.247 −0.089 0.929
INTR 0.101 0.207 0.489 0.625

Adj. R2 0.089 0.013
∆Adj. R2 0.076

AIC 1722.726 1738.693

(b) MODELS’ COMPARISON: DETERMINATION TEST

IVPE-MMPI PSY-5

β Std. Err. t p-Value β Std. Err. t p-Value

AGE −25.869 3.477 −7.437 <0.001 AGE −27.550 3.326 −8.283 < 0.001
GEN −1.593 3.313 −0.481 0.631 GEN −0.900 3.052 −0.295 0.768
EDU 1.741 0.701 2.482 0.014 EDU 1.589 0.718 2.212 0.028
MSS 0.112 0.174 0.642 0.522 AGGR 0.078 0.177 0.439 0.661
SR 0.038 0.173 0.219 0.827 PSYC −0.340 0.218 −1.599 0.120
PD 0.175 0.157 1.112 0.267 DISC −0.012 0.158 −0.077 0.938

ANX −0.130 0.184 −0.704 0.482 NEGE −0.028 0.196 0.142 0.887
INTR −0.003 0.163 −0.020 0.984

Adj. R2 0.390 0.393
∆Adj. R2 0.003

AIC 1650.703 1650.544

MMPI, Minnesota Multiphasic Personality Inventory; IVPE, Inventory of Driving-related Personality Traits; PSY-5, Personality Psy-
chopathology Five; MSS, MMPI-based sensation-seeking scale; SR, social responsibility; PD, psychopathic deviation; ANX, anxiety; AGGR,
aggressiveness; PSYC, psychoticism; DISC, disconstraint; NEGE, negative emotionality; INTR, introversion; AGE, age; GEN, gender;
EDU, education.

The second comparison was performed controlling for demographics (e.g., age, gender,
and level of education) in both models. Effects are reported in Table 2b. R2 for the IVPE-
MMPI model was equal to 0.16 (adj. R2 = 0.13) and for the PSY-5 model was equal to 0.20
(adj. R2 = 0.17). A lower AIC was found for the latter (AIC = 1745.271) compared to the
former (AIC = 1753.562). Moreover, the models showed medium effect sizes (Cohen’s
f 2 = 0.15). Significant effects were found for age and gender in both the IVPE-MMPI model
(AGE: β = −11.960, p < 0.009; GEN: β = 12.980, p < 0.003) and the PSY-5 model (AGE:
β = −15.517, p < 0.001; GEN: β = 12.222, p < 0.002).

3.3.3. Motor Speed (MS)

The first comparison was performed between models uncontrolled for demograph-
ics. Effects are reported in Table 3a. R2 for the IVPE-MMPI model was equal to 0.13
(adj. R2 = 0.11) and for the PSY-5 model was equal to 0.04 (adj. R2 = 0.01). A lower AIC
was found for the former (AIC = 1730.416) compared to the latter (AIC = 1751.499). More-
over, the models showed almost equal small effect sizes (Cohen’s f 2 < 0.15). The PSY-5
model showed no significant effects of personality predictors. With respect to the IVPE-
MMPI model, significant results were found for the effects of sensation seeking (β = 0.756,
p < 0.001) and anxiety (β = −0.651, p < 0.004).
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Table 2. Standardized beta coefficients. Standard errors and significance levels for predictors of the reaction speed (RS)
variable. Adjusted R2 and Akaike Information Criterion (AIC) are also reported. Comparisons between models are
presented uncontrolling for demographics (a) and considering their contribution (b).

(a) MODELS’ COMPARISON: REACTION SPEED

IVPE-MMPI PSY-5

β Std. Err. t p-Value β Std. Err. t p-Value

MSS 0.578 0.212 2.721 0.007 AGGR 0.138 0.239 0.580 0.536
SR −0.074 0.238 −0.312 0.755 PSYC −0.134 0.302 −0.443 0.659
PD 0.167 0.213 0.784 0.434 DISC 0.312 0.215 1.453 0.148

ANX −0.119 0.249 −0.476 0.634 NEGE −0.356 0.269 −1.320 0.189
INTR −0.347 0.226 −1.537 0.126

Adj. R2 0.033 0.034
∆Adj. R2 0.001

AIC 1770.433 1771.143

(b) MODELS’ COMPARISON: REACTION SPEED

IVPE-MMPI PSY-5

β Std. Err. t p-Value β Std. Err. t p-Value

AGE −11.960 4.578 −2.612 0.009 AGE −15.517 4.284 −3.621 <0.001
GEN 12.980 4.362 2.975 0.003 GEN 12.222 3.931 3.109 0.002
EDU 1.772 0.923 1.919 0.056 EDU 1.017 0.925 1.099 0.273
MSS 0.065 0.229 0.286 0.775 AGGR 0.222 0.228 0.974 0.331
SR −0.098 0.227 −0.434 0.664 PSYC 0.025 0.281 0.092 0.917
PD 0.052 0.207 0.249 0.803 DISC 0.086 0.253 −1.568 0.118

ANX 0.079 0.243 0.327 0.743 NEGE −0.395 0.252 −1.568 0.118
INTR −0.389 0.210 −1.849 0.066

Adj. R2 0.130 0.172
∆Adj. R2 0.042

AIC 1753.562 1745.271

The second comparison was performed controlling for demographics (e.g., age, gender,
and level of education) in both models. Effects are reported in Table 3b. R2 for the IVPE-
MMPI model was equal to 0.36 (adj. R2 = 34) and for the PSY-5 model was equal to 0.37 (adj.
R2 = 0.34). A lower AIC was found for the former (AIC = 1677.486) compared to the latter
(AIC = 1677.801). Moreover, the models showed almost large effect sizes (Cohen’s f 2 > 0.35).
Significant effects were found for age and gender in both the IVPE-MMPI model (AGE:
β = −15.537, p < 0.001; GEN: β = 23.393, p < 0.001) and the PSY-5 model (AGE: β = −17.381,
p < 0.001; GEN: β = 23.598, p < 0.001). Considering the PSY-5 model, a significant effect of
introversion (β = −3.500, p < 0.048) emerged.

3.3.4. Perceptual Speed (ATAVT)

The last group of regression models was tested on the ATAVT. The first comparison
was performed between models uncontrolled for demographics. Effects are reported in
Table 4a. R2 for the IVPE-MMPI model was equal to 0.08 (adj. R2 = 0.06) and for the
PSY-5 model was equal to 0.01 (adj. R2 = 0.01). A lower AIC was found for the former
(AIC = 1778.803) compared to the latter (AIC = 1793.477). Moreover, the models showed
almost equal small effect sizes (Cohen’s f 2 < 0.15). The PSY-5 model showed no significant
effects of personality predictors. Considering the IVPE-MMPI model, a significant result
was found for the effect of sensation seeking (β = 0.820, p < 0.001).
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Table 3. Standardized beta coefficients. Standard errors and significance levels for predictors of the motor speed (MS)
variable. Adjusted R2 and Akaike Information Criterion (AIC) are also reported. Comparisons between models are
presented uncontrolling for demographics (a) and considering their contribution (b).

(a) MODELS’ COMPARISON: MOTOR SPEED

IVPE-MMPI PSY-5

β Std. Err. t p-Value β Std. Err. t p-Value

MSS 0.756 0.191 3.958 <0.001 AGGR −0.055 0.226 −0.243 0.808
SR −0.015 0.214 −0.074 0.940 PSYC −0.306 0.287 −1.068 0.286
PD 0.375 0.191 1.955 0.051 DISC 0.365 0.203 1.795 0.074

ANX −0.651 0.224 −2.907 0.004 NEGE 0.307 0.256 1.201 0.231
INTR −0.315 0.214 −1.472 0.143

Adj. R2 0.113 0.012
∆Adj. R2 0.101

AIC 1730.416 1751.499

(b) MODELS’ COMPARISON: MOTOR SPEED

IVPE-MMPI PSY-5

β Std. Err. t p-Value β Std. Err. t p-Value

AGE −15.537 3.735 −4.159 <0.001 AGE −17.381 3.578 −4.858 <0.001
GEN 23.393 3.559 6.572 <0.001 GEN 23.598 3.282 7.189 <0.001
EDU 1.234 0.753 1.637 0.103 EDU 1.161 0.773 1.503 0.135
MSS 0.042 0.187 0.226 0.822 AGGR 0.001 0.191 0.003 0.998
SR −0.003 0.185 −0.017 0.986 PSYC −0.071 0.235 −0.302 0.763
PD 0.261 0.169 1.548 0.123 DISC 0.076 0.170 0.444 0.658

ANX −0.319 0.198 −1.613 0.108 NEGE 0.207 0.211 0.984 0.327
INTR −0.350 0.176 −1.991 0.048

Adj. R2 0.342 0.344
∆Adj. R2 0.002

AIC 1677.486 1677.801

Table 4. Standardized beta coefficients. Standard errors and significance levels for predictors of the Adaptive Tachisto-
scopic Traffic Perception Test (ATAVT) variable. Adjusted R2 and Akaike Information Criterion (AIC) are also reported.
Comparisons between models are presented uncontrolling for demographics (a) and considering their contribution (b).

(a) MODELS’ COMPARISON: PERCEPTUAL SPEED

IVPE-MMPI PSY-5

β Std. Err. t p-Value β Std. Err. t p-Value

MSS 0.820 0.217 3.772 <0.001 AGGR −0.240 0.253 −0.946 0.345
SR 0.194 0.244 0.796 0.426 PSYC −0.192 0.320 −0.598 0.550
PD 0.132 0.218 0.605 0.546 DISC 0.255 0.227 1.120 0.264

ANX −0.235 0.255 −0.921 0.358 NEGE −0.078 0.286 −0.274 0.784
INTR 0.126 0.239 0.528 0.598

Adj R2 0.060 0.011
∆Adj R2 0.049

AIC 1778.803 1793.477

(b) MODELS’ COMPARISON: PERCEPTUAL SPEED

IVPE-MMPI PSY-5

β Std. Err. t p-Value β Std. Err. t p-Value

AGE −18.100 4.599 −3.936 <0.001 AGE −18.592 4.460 −4.168 <0.001
GEN 1.720 4.328 0.393 0.695 GEN 5.401 4.092 1.320 0.189
EDU 1.857 0.927 2.002 0.046 EDU 2.144 0.963 2.226 0.027
MSS 0.360 0.230 1.567 0.118 AGGR −0.122 0.237 −0.514 0.607
SR 0.124 0.228 0.543 0.588 PSYC −0.038 0.293 −0.131 0.896
PD −0.080 0.208 −0.387 0.699 DISC 0.013 0.212 0.062 0.950

ANX −0.157 0.244 −0.642 0.521 NEGE −0.043 0.262 −0.164 0.870
INTR 0.071 0.219 0.328 0.743

Adj. R2 0.184 0.169
∆Adj. R2 0.015

AIC 1755.272 1760.332
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The second comparison was performed controlling for demographics (e.g., age, gen-
der, and level of education) in both the IVPE-MMPI model and the PSY-5 model. Significant
and non-significant effects are reported in Table 4b. R2 for the IVPE-MMPI model was equal
to 0.21 (adj. R2 = 0.18) and for the PSY-5 model was equal to 0.20 (adj. R2 = 0.17). A lower
AIC was found for the former (AIC = 1755.272) compared to the latter (AIC = 1760.332).
Moreover, the models showed almost equal medium effect sizes (Cohen’s f2 > 0.15). Signifi-
cant effects were found for age and level of education in both the IVPE-MMPI model (AGE:
β = −18.100, p < 0.001; EDU: β = 1.857, p < 0.046) and the PSY-5 model (AGE: β = −18.592,
p < 0.001; EDU: β = 2.144, p < 0.027).

4. Discussion

The present study aimed to compare the relationships between two MMPI-2-based
models (IVPE-MMPI vs. PSY-5) and cognitive measures of the fitness to drive in a sample
of young and adult drivers. Demographic characteristics (i.e., age, gender, and level of
education) were also considered among the predictors. The study showed that demo-
graphic variables have a strong effect on cognitive prerequisites of driving, shadowing the
contribution of personality factors (i.e., IVPE-MMPI and PSY-5 factors). Results showed
that (i) age negatively affects all driving measures; (ii) gender significantly predicts a higher
reaction and motor speed, in favor of males; and (iii) the level of education positively affects
resilience of attention and perceptual speed. The group of adult participants showed poorer
performance in all the driving subtasks than the younger participants. Moreover, male
participants exhibited significantly lower visual and motor reaction times than females.
Finally, the level of education predicted the accuracy of the participants’ performance in DT
and ATAVT tasks, indicating higher levels of the fitness to drive. These results highlighted
the crucial role of the demographic characteristics as determinants of the fitness to drive
over the measures of personality. Regardless of demographic variables, the IVPE-MMPI-
based model showed a better fit with all the driving measures than the PSY-5 model. As
shown by the comparisons between the models’ AIC values, IVPE-MMPI-based personality
traits showed a better predictive model on each driving prerequisites than PSY-5 traits.
Results showed that (i) sensation seeking positively affects all the cognitive prerequisites;
(ii) psychopathic deviation, as a measure of self-control, positively affects the resilience
of attention; and (iii) anxiety, as a measure of emotional stability, negatively affects motor
reaction speed.

4.1. Effects of Demographic Variables

Previous studies have encouraged the consideration of age, gender, and level of
education as key human characteristics in the prediction of risky driving [51] and collision
rates [125]. The results of the present study showed negative effects of age on resilience
of attention (Table 1b), reaction times (Tables 2b and 3b), and perceptual speed (Table 4b).
These results support previous evidence of the age-associated decline in cognitive, motor,
and perceptual functions being important for driving, such as eyesight (e.g., diminished
visual acuity and narrowed peripheral vision), reaction speed, perceptual speed, selective
attention, and muscle strength [5,81,126–129]. Moreover, these results partially replicate
evidence found by Nechtelberger et al. [77] in a sample of intoxicated drivers. By using
the Vienna-DRIVESC package, the authors recently demonstrated that older age is linked
to poor performance in eye–hand coordination, resilience of attention, reaction speed,
perceptual speed, and short-term memory, reflecting decreased driving fitness. These age-
related changes were attributed to a deterioration of biological systems [130] that lead to
structural and functional changes in diverse brain regions (e.g., prefrontal cortex, cerebellar
gray and white matter) [131–133]. Anstey et al. [7] summed up a series of age-related
changes (e.g., increased physical frailty, decreased visual acuity, executive functioning
decline, etc.) associated with crash risk and driving cessation in older drivers.

The results of the present study revealed gender differences in simple reaction times
favoring males. Male participants showed significantly higher reaction (Table 2b) and
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motor (Table 3b) speeds compared with female participants, connecting lower reaction
times to higher levels of the fitness to drive. This result confirms that of Dykiert et al. [134],
who found lower reaction times in males than in females in simple but not in complex
reaction tasks. In the study of Karia et al. [135], males showed lower reaction times
than females in both simple and complex visual reaction tasks. In terms of motor speed,
several studies have demonstrated that the male gender is significantly associated with a
lower response time [136–138]. These differences directly affected the simulated driving
performance, resulting in slower brake reactions in female drivers [138]. In a large number
of the above-cited studies, differences between males and females in reaction times were
attributed to the differential hormonal action (e.g., testosterone exposure, antidiuretic
hormone, insulin, etc.) that affects axonal and nerve conduction [139–141].

Moreover, a significant effect of the level of education was found on the measures
of resilience of attention (Table 1b) and perceptual speed (Table 4b): with an increase in
the number of years of education, the fitness to drive increased. Previous studies have
demonstrated that education affects cognitive performance in different ways, directly by
stimulating cognitive functions and brain development and indirectly through lifestyle
choices, social interaction, types of occupation, and health behaviors [142,143]. Educa-
tion offers enriching experiences that improve domain-general cognitive skills such as
processing speed, working memory, reasoning, and cognitive control [144–146]. It has
been argued that the effects of education on cognitive functioning are evident across the
lifespan, influencing individual differences in cognitive skills that appear in adulthood
and persist with aging [147]. A few studies have investigated the effect of the level of
education on cognitive abilities that are crucial for the fitness to drive. From a behavioral
perspective, a high level of education is found to be positively associated with an increased
tendency to speed and to wear safety belts [148]. In a previous study aimed to investigate
the role of cognitive abilities in predicting measures of the fitness to drive [81], we found
similar results on resilience of attention and perceptual speed for the effect of the overall
cognitive functioning but not for education. It is likely that education accounted for the
same explained variance that was predicted by cognitive functioning on the same driving
prerequisites. The significant correlation observed between the MoCA total score and the
participants’ level of education supported this conclusion (Table S1). Overall, these results
confirmed that education is a modifiable factor associated with cognitive functioning [149]
that constitutes a strong cognitive component of safe driving [148].

4.2. Effects of Personality Traits Models

In the present study, both the personality models in use (i.e., IVPE-MMPI model and
PSY-5 model) showed a small effect size in the prediction of driving cognitive prerequi-
sites(Tables 1a, 2a, 3a and 4a). As stated above, the effects of some personality traits lost
their statistical significance when demographic variables were added among predictors.
The results confirmed the idea that personality is a distal or a secondary human factor
affecting the fitness to drive beyond more proximal factors (i.e., driving style and per-
formance indices) [10]. It cannot be ignored that proximal factors are most affected by
socio-demographic rather than personality factors [51]. The MMPI-2 personality traits
explained a small amount of variance of the cognitive prerequisites moreover overshad-
owed by the effects of the demographic variables. In other words, these effects may have
resulted in illusory relationships between personality and cognitive prerequisites largely
explained by demographic factors, indeed. Given the distal role of personality in the
models of driving behavior, these results may be attributable to (i) the smaller sensitivity
of the measures of personality in discriminating the fitness to drive compared with other
classes of variables (e.g., demographic, cognitive, behavioral) [10] and (ii) their suscep-
tibility to response bias, such as simulating a socially desirable response to self-report
data [150,151]. This bias affects particularly self-reported measures collected in the context
of assessment procedures aimed at obtaining a personal advantage (e.g. driving or firearms
license, child adoption competence) [152,153]. Nevertheless, significant results found in
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models neglecting for the contribution of demographic variables have also been discussed,
as follows.

First, the IVPE-MMPI model demonstrated a better fit to the data than the PSY-5 moedl.
PSY-5 scales detect personality differences that affect clinical problems [105]. The better
fit found for the IVPE-MMPI model could be explained with reference to the non-clinical
condition of participants involved in this study. It is likely that PSY-5 scales, thought
to detect personality traits that could be early markers of clinical problems in everyday
life, were less specific in predicting driving outcomes. According to Nef et al. [67], the
employment of standard personality questionnaires for the assessment of driving-related
personality traits generally leads to non-significant results. Moreover, since the items of the
personality scales included in the PSY-5 model in many cases can be referred to symptoms
that are clearly recognizable even by unexperienced people [150,151,154], it is plausible to
assume that these items were subjected to higher levels of self-deception or impression
management than those included in the IVPE-MMPI model [150,151,154].

Significant results were found for the effects of sensation seeking on resilience of
attention, reaction time, and perceptual speed. The higher the sensation seeking, the
higher the performance, which reflects an increased fitness to drive. These results are quite
new if compared with those reported in the literature that showed the detrimental role of
sensation seeking on driving safety [14,59,61–64]. Sensation seeking has been frequently
associated with unsafe driving outcomes such as driving violations and motor vehicle
accidents [59,60]. Nonetheless, in a previous study by Nechtelberger et al. [77], sensation
seeking was the only nonpredictive personality trait of the same prerequisites of the fitness
to drive assessed in this study. Moreover, in the study by Sommer et al. [5], sensation
seeking was not significantly associated with the measures of on-road driving performance.
According to Sommer et al. [5], this could mean that sensation seeking negatively affects
decisions made at the strategic level, whereas the criterion measure of driving fitness used
in the present study entirely accounted both tactical and operational driving behaviors [5,6].
Moreover, it has been demonstrated that high sensation seekers exhibit enhanced responses
to intense stimulation [48,155]. This could particularly affect the tactical and operational
driving behaviors, especially when speed is higher and decision times decrease. A recent
study showed that high sensation seekers perform better and quicker in a stressful physical
task than low sensation seekers, releasing a significantly lower level of cortisol and showing
less strain [155]. Furthermore, measures of sensation seeking have been found strongly
linked to extreme sports participation [156]. The present results, showing positive effects of
sensation seeking on cognitive and motor prerequisites of the fitness to drive, could also be
explained by reference to the arousability of the noradrenergic system [56]. When exposed
to intense stimulation, higher sensation seekers show increased central nervous activity,
which allows them to react in a more efficient way than lower sensation seekers [48]. As a
result, higher sensation seekers may show an accurate control of the vehicle, at least at an
operational level, particularly in highly stimulating driving situations (e.g., driving on a
single-lane costal road).

Psychopathic deviation, as a measure of self-control, showed significant effects on
resilience of attention. The higher the PD score, the higher the traffic stress tolerance.
This result seems to suggest that high self-control could negatively affect performance in
complex reaction tasks. Previous studies have demonstrated that measures of self-control,
extrapolated from the IVPE, fail in significantly predicting resilience of attention when
compared with emotional instability [5–77]. Despite the PD scale being an MMPI-based
measure more linked with self-control, it might be not suitable for the assessment of this con-
struct. However, previous research demonstrated that some pathological traits are linked
to over-focused selective attention (e.g., social dominance, fearlessness, etc.) [157]. Sadeh
and Verona [158] found that high psychopathic personality traits were associated with
reduced distractor processing in an attentional task compared to participants who scored
lower in these traits. Moreover, psychopathic traits were associated with the tendency to
take risks [158]. It is likely that the PD scale used in this study detected subthreshold psy-
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chopathology symptoms since it assesses markers of subclinical expression of the clinical
disease. The fact that psychopathic personality traits have been associated with a reduced
deep processing of irrelevant stimuli could partially explain the findings of this study
observed in a non-clinical sample.

Moreover, the results showed a significantly negative effect of anxiety, as a measure
of emotional instability, on motor reaction times. A plethora of studies have reported
that emotional instability is one of the driving-related personality traits that contribute to
enhancing the prediction of the fitness to drive in young and adult drivers [5,19,60–62,77].
Sommer et al. [5] assessed the drivers’ personality by using the IVPE and employed a
standardized driving test as a criterion of driving fitness. The authors found that emotional
stability was the main variable among others personality traits (e.g., sensation seeking,
social responsibility, and self-control) significantly associated with on-road driving perfor-
mance. Vetter et al. [78] showed that social responsibility was the only personality trait
that significantly predicted the driving performance in a sample of professional drivers.
It seems that in professional drivers, emotional stability is not the main predictor of the
measures of driving performance. The authors argued that their contrasting results to
those found by Sommer et al. [5] were attributable to the methodology used: professional
drivers were subjected to comprehensive personality assessment before being hired in their
company, and candidates with less suitable personality profiles were excluded. Thus, social
responsibility played a more important role in predicting the fitness to drive of professional
drivers than emotional instability [78]. Moreover, the results presented in this study for
the effect of anxiety are in line with those of Nechtelberger et al. [77], who found that
high scores in emotional instability result from an increased physical/motor reaction time.
Considering this evidence, we could argue that the anxiety scale coming from the MMPI-2
might be suitable for the assessment of the driver’s emotional instability.

Finally, a significant effect of introversion (PSY-5) was found on motor reaction times,
in addition to the effects of demographic variables. The higher the introversion score,
the lower the motor reaction speed. Previous studies have reported extroversion-related
differences in motor processing speed [159–161]. Extroverts showed lower reaction times
in motor but not in visual reaction tasks (speed reaction) than introverts [159]. Introverts
preferred accuracy over speed, whereas extroverts tended to respond faster regardless
of accuracy [161]. Such extroversion-related differences in motor reaction speed were
explained with a psychophysiological-behavioral experimental paradigm by Stahl and
Rammsayer [161]. The authors demonstrated that introverts were faster in premotor
processing than extroverts but slower in central and peripheral motor processing. This
result suggests the potential usefulness of the introversion scale of the MMPI-2 in the
prediction of motor speed connected to driving.

Regardless of the effects of the demographic group of variables, results suggested that
measures of sensation seeking, anxiety (as a measure of emotional instability), psychopathic
deviation (as a measure of self-control), and introversion, taken from the MMPI-2, could
be valid predictors of driving fitness at the tactical and operational levels of driving
behaviors [6].

Overall, this study suggested the paramount importance of not omitting the inclusion
of demographic variables in the study of trait factors (i.e., personality, attitudes, cognition)
associated with driving behavior. Socio-demographic factors should be controlled in the
assessment of personality determinants for the fitness to drive to achieve more accurate
predictive models, also isolating the real contribution of personality variables in predicting
driving behavior.

5. Conclusions

Personality traits have been considered a must-have domain of psychological assess-
ment for the fitness to safe driving since the early 20th century [162]. To the best of our
knowledge, this was the first research that employed two MMPI-2-based models to assess
driving-related personality traits in predicting the fitness to drive. The present study could
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be helpful for professionals in driving mobility centers in the context of the assessment of
the psychological fitness to drive, particularly for the driving license renewal of young and
adult drivers. Moreover, the assessment of psychopathological personality traits associated
with risky driving, through the PSY-5 scale, could be useful in the screening of professional
drivers to be hired in transportation companies. Nonetheless, the present study provides a
photograph with light and shadow on the role of personality as a significant predictor of
the fitness to drive, suggesting its weak predictive value for cognitive prerequisites of safe
driving when controlled for demographic variables.

Future research could include theoretical and methodological improvements. First,
the predictive validity of other MMPI-2 scales (e.g., clinical, content, supplementary, etc.)
in the evaluation of the psychological fitness to drive might be explored. Second, the social
desirability bias and in general the effect of dissimulation should be controlled in self-
reported personality measures, especially in the context of driving license revision/renewal.
Third, the right-hand form administered for the subtest of perceptual speed (ATAVT) limits
the generalization of the obtained results to countries with right-hand driving. Further
research may find useful to compare both the left- and right-hand form with participants
from countries with different traffic laws. Finally, other domains such as driving attitudes,
values, and habits [163] might be introduced to improve the effectiveness of driving
behavior and accident risk prediction, keeping the demographic variables constant. A fully
multidimensional perspective on human factors related to driving behaviors should help
scholars and policy makers to ensure a greater degree of safety for people behind the wheel
and for all other fragile road users.
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and distal predictor of risky driving in the context of other personality traits. Int. J. Psychol. Behav. Sci. 2014, 4, 57–69. [CrossRef]

41. Furnham, A.; Saipe, J. Personality correlates of convicted drivers. Pers. Individ. Differ. 1993, 14, 329–336. [CrossRef]
42. Alavi, S.S.; Mohammadi, M.R.; Souri, H.; Kalhori, S.M.; Jannatifard, F.; Sepahbodi, G. Personality, Driving Behavior and Mental

Disorders Factors as Predictors of Road Traffic Accidents Based on Logistic Regression. Iran. J. Med. Sci. 2017, 42, 24–31.
43. Cattell, H.E.; Mead, A.D. The Sixteen Personality Factor Questionnaire (16PF); Sage Publications: London, UK, 2008.
44. Zhang, C.; Li, C.; Fan, M.; Sun, W.; Wang, P.; Wang, S. A control study of personality characteristics of motor trou-ble-makers.

Chin. J. Behav. Med. Brain Sci. 2009, 1, 63–64. [CrossRef]
45. Hilakivi, I.; Veilahti, J.; Asplund, P.; Sinivuo, J.; Laitinen, L.; Koskenvuo, K. A sixteen-factor personality test for predicting

automobile driving accidents of young drivers. Accid. Anal. Prev. 1989, 21, 413–418. [CrossRef]
46. Manglam, M.K.; Sinha, V.K.; Praharaj, S.K.; Bhattacharjee, D.; Das, A. Personality Correlates of Accident-Proneness in Auto-

Rickshaw Drivers in India. Int. J. Occup. Saf. Ergon. 2013, 19, 159–165. [CrossRef]
47. Yan, L.; Wang, Y.; Ding, C.; Liu, M.; Yan, F.; Guo, K. Correlation Among Behavior, Personality, and Electroencephalography

Revealed by a Simulated Driving Experiment. Front. Psychol. 2019, 10, 1524. [CrossRef] [PubMed]
48. Zuckerman, M. Sensation Seeking and Risky Behavior; American Psychological Association (APA): Washington, DC, USA, 2007.
49. Oltedal, S.; Rundmo, T. The effects of personality and gender on risky driving behaviour and accident involvement. Saf. Sci. 2006,

44, 621–628. [CrossRef]
50. Gwyther, H.; Holland, C. The effect of age, gender and attitudes on self-regulation in driving. Accid. Anal. Prev. 2012, 45, 19–28.

[CrossRef]
51. Lourens, P.F.; Vissers, J.A.; Jessurun, M. Annual mileage, driving violations, and accident involvement in relation to drivers’ sex,

age, and level of education. Accid. Anal. Prev. 1999, 31, 593–597. [CrossRef]
52. Gregersen, N.P. Young drivers’ overestimation of their own skill—an experiment on the relation between training strategy and

skill. Accid. Anal. Prev. 1996, 28, 243–250. [CrossRef]
53. Deery, H.A. Hazard and risk perception among young novice drivers. J. Saf. Res. 1999, 30, 225–236. [CrossRef]
54. Lucidi, F.; Russo, P.M.; Mallia, L.; Devoto, A.; Lauriola, M.; Violani, C. Sleep-related car crashes: Risk perception and deci-sion-

making processes in young drivers. Accid. Anal. Prev. 2006, 38, 302–309. [CrossRef]
55. Zicat, E.; Bennett, J.M.; Chekaluk, E.; Batchelor, J. Cognitive function and young drivers: The relationship between driving,

attitudes, personality and cognition. Transp. Res. Part F Traffic Psychol. Behav. 2018, 55, 341–352. [CrossRef]
56. Zuckerman, M. Behavioral Expressions and Biosocial Bases of Sensation Seeking; Cambridge University Press: Cambridge, UK, 1994.
57. Steinberg, L.; Albert, D.; Cauffman, E.; Banich, M.; Graham, S.; Woolard, J. Age differences in sensation seeking and impulsivity

as indexed by behavior and self-report: Evidence for a dual systems model. Dev. Psychol. 2008, 44, 1764–1778. [CrossRef]
58. Zuckerman, M. Attribution of success and failure revisited, or: The motivational bias is alive and well in attribution theory. J. Pers.

1979, 47, 245–287. [CrossRef]
59. Arnett, J.J.; Offer, D.; Fine, M.A. Reckless driving in adolescence: ‘State’ and ‘trait’ factors. Accid. Anal. Prev. 1997, 29, 57–63.

[CrossRef]
60. Ulleberg, P. Personality subtypes of young drivers. Relationship to risk-taking preferences, accident involvement, and response

to a traffic safety campaign. Transp. Res. Part F Traffic Psychol. Behav. 2001, 4, 279–297. [CrossRef]
61. Jonah, B.A.; Thiessen, R.; Au-Yeung, E. Sensation seeking, risky driving and behavioral adaptation. Accid. Anal. Prev. 2001,

33, 679–684. [CrossRef]
62. Iversen, H.; Rundmo, T. Personality, risky driving and accident involvement among Norwegian drivers. Pers. Individ. Differ. 2002,

33, 1251–1263. [CrossRef]
63. Machin, M.A.; Sankey, K.S. Relationships between young drivers’ personality characteristics, risk perceptions, and driving

behaviour. Accid. Anal. Prev. 2008, 40, 541–547. [CrossRef] [PubMed]
64. Cestac, J.; Paran, F.; Delhomme, P. Young drivers’ sensation seeking, subjective norms, and perceived behavioral control and their

roles in predicting speeding intention: How risk-taking motivations evolve with gender and driving experience. Saf. Sci. 2011,
49, 424–432. [CrossRef]

65. Starkey, N.J.; Isler, R.B. The role of executive function, personality and attitudes to risks in explaining self-reported driving
behaviour in adolescent and adult male drivers. Transp. Res. Part F Traffic Psychol. Behav. 2016, 38, 127–136. [CrossRef]

66. Schwebel, D.C.; Ball, K.K.; Severson, J.; Barton, B.K.; Rizzo, M.; Viamonte, S.M. Individual difference factors in risky driving
among older adults. J. Saf. Res. 2007, 38, 501–509. [CrossRef]

67. Nef, T.; Bieri, R.; Müri, R.M.; Mosimann, U.P. Non-illness-related factors contributing to traffic safety in older drivers: A lit-erature
review. Exp. Ageing Res. 2015, 41, 325–360. [CrossRef]

68. Owsley, C.; McGwin, G., Jr.; McNeal, S.F. Impact of impulsiveness, venturesomeness, and empathy on driving by older adults.
J. Saf. Res. 2003, 34, 353–359. [CrossRef]

69. Norris, F.H.; Matthews, B.; Riad, J.K. Characterological, situational, and behavioral risk factors for motor vehicle accidents: A
prospective examination. Accid. Anal. Prev. 2000, 32, 505–515. [CrossRef]

http://doi.org/10.1016/j.trf.2010.09.005
http://doi.org/10.5923/j.ijpbs.20140402.01
http://doi.org/10.1016/0191-8869(93)90131-L
http://doi.org/10.3760/cma.j.issn.1674-6554.2009.01.023
http://doi.org/10.1016/0001-4575(89)90001-8
http://doi.org/10.1080/10803548.2013.11076975
http://doi.org/10.3389/fpsyg.2019.01524
http://www.ncbi.nlm.nih.gov/pubmed/31338049
http://doi.org/10.1016/j.ssci.2005.12.003
http://doi.org/10.1016/j.aap.2011.11.022
http://doi.org/10.1016/S0001-4575(99)00015-9
http://doi.org/10.1016/0001-4575(95)00066-6
http://doi.org/10.1016/S0022-4375(99)00018-3
http://doi.org/10.1016/j.aap.2005.09.013
http://doi.org/10.1016/j.trf.2018.03.013
http://doi.org/10.1037/a0012955
http://doi.org/10.1111/j.1467-6494.1979.tb00202.x
http://doi.org/10.1016/S0001-4575(97)87007-8
http://doi.org/10.1016/S1369-8478(01)00029-8
http://doi.org/10.1016/S0001-4575(00)00085-3
http://doi.org/10.1016/S0191-8869(02)00010-7
http://doi.org/10.1016/j.aap.2007.08.010
http://www.ncbi.nlm.nih.gov/pubmed/18329405
http://doi.org/10.1016/j.ssci.2010.10.007
http://doi.org/10.1016/j.trf.2016.01.013
http://doi.org/10.1016/j.jsr.2007.04.005
http://doi.org/10.1080/0361073X.2015.1021650
http://doi.org/10.1016/j.jsr.2003.09.013
http://doi.org/10.1016/S0001-4575(99)00068-8


Brain Sci. 2021, 11, 313 20 of 23

70. Constantinou, E.; Panayiotou, G.; Konstantinou, N.; Loutsiou-Ladd, A.; Kapardis, A. Risky and aggressive driving in young
adults: Personality matters. Accid. Anal. Prev. 2011, 43, 1323–1331. [CrossRef]

71. Scott-Parker, B.; Watson, B.; King, M.J.; Hyde, M.K. A further exploration of sensation seeking propensity, reward sensitivity,
depression, anxiety, and the risky behaviour of young novice drivers in a structural equation model. Accid. Anal. Prev. 2013,
50, 465–471. [CrossRef] [PubMed]

72. Eduardo, M.-G.; Ildefonso, M.M. On the long-run association between personality traits and road crashes: Findings from the
British cohort study. Pers. Individ. Differ. 2020, 155, 109677. [CrossRef]

73. Rhodes, N.; Pivik, K. Age and gender differences in risky driving: The roles of positive affect and risk perception. Accid. Anal.
Prev. 2011, 43, 923–931. [CrossRef] [PubMed]

74. Liu, J.; Zubieta, J.-K.; Heitzeg, M. Sex differences in anterior cingulate cortex activation during impulse inhibition and behavioral
correlates. Psychiatry Res. Neuroimaging 2012, 201, 54–62. [CrossRef]

75. Hennessy, D.A.; Wiesenthal, D.L. Gender, Driver Aggression, and Driver Violence: An Applied Evaluation. Sex Roles 2001,
44, 661–676. [CrossRef]

76. Schuhfried GmbH. Manual: Fitness to Drive Screening. Test Label DRIVESC; Version 03, Revision 1; Schuhfried GmbH: Moedling,
Austria, 2016.

77. Nechtelberger, M.; Vlasak, T.; Senft, B.; Nechtelberger, A.; Barth, A. Assessing Psychological Fitness to Drive for Intoxicated
Drivers: Relationships of Cognitive Abilities, Fluid Intelligence, and Personality Traits. Front. Psychol. 2020, 11. [CrossRef]

78. Vetter, M.; Schünemann, A.L.; Brieber, D.; Debelak, R.; Gatscha, M.; Grünsteidel, F.; Herle, M.; Mandler, G.; Ortner, T.M. Cognitive
and personality determinants of safe driving performance in professional drivers. Transp. Res. Part F Traffic Psychol. Behav. 2018,
52, 191–201. [CrossRef]

79. Herle, M.; Sommer, M.; Wenzl, M.; Litzenberger, M. Manual Inventory of Driving-related Personality Traits (IVPE); SCHUHFRIED
GmbH: Mödling, Austria, 2004.

80. Adenzato, M.; Brambilla, M.; Manenti, R.; De Lucia, L.; Trojano, L.; Garofalo, S.; Enrici, I.; Cotelli, M. Gender differences
in cognitive Theory of Mind revealed by transcranial direct current stimulation on medial prefrontal cortex. Sci. Rep. 2017,
7, srep41219. [CrossRef]

81. Tinella, L.; Lopez, A.; Caffò, A.O.; Grattagliano, I.; Bosco, A. Spatial Mental Transformation Skills Discriminate Fitness to Drive in
Young and Old Adults. Front. Psychol. 2020, 11. [CrossRef] [PubMed]

82. Armstrong, J.L.; Whitlock, F.A. Mental Illness and Road Traffic Accidents. Aust. N. Z. J. Psychiatry 1980, 14, 53–60. [CrossRef]
83. Niveau, G.; Kelley-Puskas, M. Psychiatric disorders and fitness to drive. J. Med. Ethics 2001, 27, 36–39. [CrossRef] [PubMed]
84. Cuevas, C.D.L.; Ramallo, Y.; Sanz, E.J. Psychomotor performance and fitness to drive: The influence of psychiatric disease and its

pharmacological treatment. Psychiatry Res. 2010, 176, 236–241. [CrossRef]
85. Wickens, C.M.; Smart, R.G.; Mann, R.E. The Impact of Depression on Driver Performance. Int. J. Ment. Health Addict. 2014,

12, 524–537. [CrossRef]
86. Mohammadi, M.; Alavi, S.; Jannatifard, F.; Mohammadi Kalhory, S.; Babareisi, M.; Khodakarami, R. Bipolar disorders in truck

drivers with driving licence gategory D&C. Tehran: 5th congress of Iranian Psychological association. Contemp. Psychol. Biann. J.
Iran. Psychol. Assoc. 2015, 1411–1414.

87. Waller, J.A. Chronic Medical Conditions and Traffic Safety. New Engl. J. Med. 1965, 273, 1413–1420. [CrossRef] [PubMed]
88. Ohberg, A.; Penttila, A.; Lonnqvist, J. Driver suicide. Br. J. Psychiatry 1997, 171, 468–472. [CrossRef] [PubMed]
89. Bulmash, E.L.; Moller, H.J.; Kayumov, L.; Shen, J.; Wang, X.; Shapiro, C.M. Psychomotor disturbance in depression: As-sessment

using a driving simulator paradigm. J. Affect. Disord. 2006, 93, 213–218. [CrossRef] [PubMed]
90. Van Der Sluiszen, N.N.J.J.M.; Wingen, M.; Vermeeren, A.; Vinckenbosch, F.; Jongen, S.; Ramaekers, J.G. Driving Performance of

Depressed Patients who are Untreated or Receive Long-Term Antidepressant (SSRI/SNRI) Treatment. Pharmacopsychiatry 2017,
50, 182–188. [CrossRef]

91. American Psychiatric Association (APA). Diagnostic and Statistical Manual of Mental Disorders, 4th ed.; APA: Washington, DC,
USA, 1994.

92. Nada-Raja, S.; Langley, J.D.; McGee RO, B.; Williams, S.M.; Begg, D.J.; Reeder, A.I. Inattentive and hyperactive behaviors and
driving offenses in adolescence. J. Am. Acad. Child. Psychiatry 1997, 36, 515–522. [CrossRef]

93. Valero, S.; Bosch, R.; Corominas, M.; Giannoni, A.; Barrau, V.; Ramos-Quiroga, J.A.; Casas, M. Psychopathology and traffic
violations in subjects who have lost their driving license. Compr. Psychiatry 2017, 76, 45–55. [CrossRef]

94. Lapham, S.C.; Smith, E.; C’de Baca, J.; Chang, I.; Skipper, B.J.; Baum, G.; Hunt, W.C. Prevalence of psychiatric disorders among
persons convicted of driving while impaired. Arch. Gen. Psychiatry 2001, 58, 943–949. [CrossRef]

95. Hubicka, B.; Källmén, H.; Hiltunen, A.; Bergman, H. Personality traits and mental health of severe drunk drivers in Sweden.
Soc. Psychiatry Psychiatr. Epidemiol. 2009, 45, 723–731. [CrossRef]

96. Dula, C.S.; Adams, C.L.; Miesner, M.T.; Leonard, R.L. Examining relationships between anxiety and dangerous driving. Accid.
Anal. Prev. 2010, 42, 2050–2056. [CrossRef]

97. Crancer, A., Jr.; Quiring, D.L. The mentally ill as motor vehicle operators. Am. J. Psychiatry 1969, 126, 807–813. [CrossRef]
[PubMed]

98. McGuire, F.L. Personality Factors in Highway Accidents. Hum. Factors J. Hum. Factors Ergon. Soc. 1976, 18, 433–441. [CrossRef]
[PubMed]

http://doi.org/10.1016/j.aap.2011.02.002
http://doi.org/10.1016/j.aap.2012.05.027
http://www.ncbi.nlm.nih.gov/pubmed/22770376
http://doi.org/10.1016/j.paid.2019.109677
http://doi.org/10.1016/j.aap.2010.11.015
http://www.ncbi.nlm.nih.gov/pubmed/21376884
http://doi.org/10.1016/j.pscychresns.2011.05.008
http://doi.org/10.1023/A:1012246213617
http://doi.org/10.3389/fpsyg.2020.01002
http://doi.org/10.1016/j.trf.2017.11.008
http://doi.org/10.1038/srep41219
http://doi.org/10.3389/fpsyg.2020.604762
http://www.ncbi.nlm.nih.gov/pubmed/33343475
http://doi.org/10.3109/00048678009159354
http://doi.org/10.1136/jme.27.1.36
http://www.ncbi.nlm.nih.gov/pubmed/11233376
http://doi.org/10.1016/j.psychres.2009.02.013
http://doi.org/10.1007/s11469-014-9487-0
http://doi.org/10.1056/NEJM196512232732605
http://www.ncbi.nlm.nih.gov/pubmed/5848415
http://doi.org/10.1192/bjp.171.5.468
http://www.ncbi.nlm.nih.gov/pubmed/9463608
http://doi.org/10.1016/j.jad.2006.01.015
http://www.ncbi.nlm.nih.gov/pubmed/16522332
http://doi.org/10.1055/s-0043-111600
http://doi.org/10.1097/00004583-199704000-00014
http://doi.org/10.1016/j.comppsych.2017.03.012
http://doi.org/10.1001/archpsyc.58.10.943
http://doi.org/10.1007/s00127-009-0111-8
http://doi.org/10.1016/j.aap.2010.06.016
http://doi.org/10.1176/ajp.126.6.807
http://www.ncbi.nlm.nih.gov/pubmed/5352211
http://doi.org/10.1177/001872087601800502
http://www.ncbi.nlm.nih.gov/pubmed/976990


Brain Sci. 2021, 11, 313 21 of 23

99. Malta, L.S.; Blanchard, E.B.; Freidenberg, B.M. Psychiatric and behavioral problems in aggressive drivers. Behav. Res. Ther. 2005,
43, 1467–1484. [CrossRef] [PubMed]

100. Hathaway, S.R.; McKinley, J.C. The Minnesota Multiphasic Personality Inventory, rev. ed.; 2nd printing; University of Minnesota
Press: Minneapolis, MN, USA, 1943.

101. Sirigatti, S.; Pancheri, P.; Narbone, G.; Biondi, M. L’adattamento italiano del MMPI-2 al vaglio del test-retest con bilingui. Boll.
Psicol. Appl. 1994, 211, 23–27.

102. Butcher, J.N.; Dahlstrom, W.G.; Graham, J.R.; Tellegen, A.M.; Kaemmer, B. Minnesota Multiphasic Personality Inventory-2 (MMPI-2):
Manual for Administration and Scoring; University of Minnesota Press: Minneapolis, MN, USA, 1989.

103. Harkness, A.R.; McNulty, J.L.; Ben-Porath, Y.S. The Personality Psychopathology Five (PSY-5): Constructs and MMPI-2 scales.
Psychol. Asses. 1995, 7, 104. [CrossRef]

104. Harkness, A.R. Fundamental topics in the personality disorders: Candidate trait dimensions from lower regions of the hier-archy.
Psychol. Asses. 1992, 4, 251. [CrossRef]

105. Harkness, A.R.; Finn, J.A.; McNulty, J.L.; Shields, S.M. The Personality Psychopathology—Five (PSY–5): Recent constructive
replication and assessment literature review. Psychol. Asses. 2012, 24, 432. [CrossRef]

106. Rudin-Brown, C.M.; Edquist, J.; Lenné, M.G. Effects of driving experience and sensation-seeking on drivers’ adaptation to road
environment complexity. Saf. Sci. 2014, 62, 121–129. [CrossRef]

107. Faul, F.; Erdfelder, E.; Buchner, A.; Lang, A.G. Statistical power analyses using G* Power 3.1: Tests for correlation and regression
analyses. Behav. Res. Methods 2009, 41, 1149–1160. [CrossRef]

108. Nasreddine, Z.S.; Phillips, N.A.; Bedirian, V.; Charbonneau, S.; Whitehead, V.; Collin, I.; Cummings, J.L.; Chertkow, H. The
Montreal Cognitive Assessment, MoCA: A Brief Screening Tool for Mild Cognitive Impairment. J. Am. Geriatr. Soc. 2005,
53, 695–699. [CrossRef] [PubMed]

109. Bosco, A.; Spano, G.; Caffò, A.O.; Lopez, A.; Grattagliano, I.; Saracino, G.; Pinto, K.; Hoogeveen, F.; Lancioni, G.E. Italians do it
worse. Montreal Cognitive Assessment (MoCA) optimal cut-off scores for people with probable Alzheimer’s disease and with
probable cognitive impairment. Aging Clin. Exp. Res. 2017, 29, 1113–1120. [CrossRef]

110. Bosco, A.; Caffò, A.O.; Spano, G.; Lopez, A. Beyond the cutoffs: A Bayesian approach to the use of the Montreal cognitive
assessment as a screening tool for mild cognitive impairment and dementia. In Diagnosis and Management in Dementia; Academic
Press: Cambridge, MA, USA, 2020; pp. 395–410.

111. Karner, T.; Neuwirth, W. Validation of traffic psychology tests by comparing with actual driving. Int. Conf. Traffic Transp. Psychol.
2000, 4, 7.

112. Kristöfl, G.; Nechtelberger, F. Validierung einer verkehrspsychologischen Testbatterie unter Beruecksichtigung von Explora-
tionsdaten-Zusammenfassung einer Validierungsstudie im Ueberblick (Unveroeffentlichte Diplomarbe-it). Psychol. Österr. 2001,
21, 175–182.

113. Schuhfried, G.; Prieler, J. Manual Reaction Test (RT); Schuhfried GmbH: Modling, Austria, 1997.
114. Schuhfried, G. Manual Determination Test (DT); Schuhfried GmbH: Modling, Austria, 1998.
115. Vetter, M.; Debelak, R. Developing and evaluating a unitary model for predicting the fitness to drive. In Proceedings of the 30th

International Congressof Psychology (ICP) Psychology Serving Humanity, Cape Town, South Africa, 22–27 July 2012.
116. Carroll, J.B. Human Cognitive Abilities: A Survey of Factor-Analytic Studies; Cambridge University Press: Cambridge, UK, 1993.
117. Hathaway, S.R.; McKinley, J.C. MMPI-Minnesota Multiphasic Personality Inventory-2; Adattamento Italiano di Paolo Pancheri e

Saulo Sirigatti: Florence, Italy, 1995.
118. Hathaway, S.R.; McKinley, J.C.; Pancheri, P.; Sirigatti, S. MMPI-2: Minnesota Multiphasic Personality Inventory-2: Manuale;

Organizzazioni Speciali; American Psychological Association: Washington, DC, USA, 1995.
119. Viken, R.J.; Kline, M.P.; Rose, R.J. Development and validation of an MMPI-based Sensation Seeking Scale. Pers. Individ. Differ.

2005, 38, 619–625. [CrossRef]
120. Butcher, J.N.; Dahlstrom, W.G.; Graham, J.R.; Tellegen, A.; Kaemmer, B. Minnesota Multiphasic Personality Inventory-2; American

Psychological Association (APA): Washington, DC, USA, 2001.
121. Jamovi Project Jamovi, Version 0.9, Computer Software. Available online: https://www.jamovi.org (accessed on 29 October

2019).
122. Rosseel, Y. Lavan: A R Package for Structural Equation Modelling and More. 2011. Available online: http://users.ugent.be/

~{}yrosseel/lavaan/lavaanIntroduction.pdf (accessed on 11 July 2011).
123. Selya, A.S.; Rose, J.S.; Dierker, L.C.; Hedeker, D.; Mermelstein, R.J. A Practical Guide to Calculating Cohen’s f2, a Measure of

Local Effect Size, from PROC MIXED. Front. Psychol. 2012, 3, 111. [CrossRef] [PubMed]
124. Burnham, K.P.; Anderson, D.R. A Practical Information-Theoretic Approach. Model Selection and Multimodel Inference, 2nd ed.;

Springer: New York, NY, USA, 2002.
125. Langford, J.; Methorst, R.; Hakamies-Blomqvist, L. Older drivers do not have a high crash risk—A replication of low mileage bias.

Accid. Anal. Prev. 2006, 38, 574–578. [CrossRef]
126. Salthouse, T.A. Mediation of adult age differences in cognition by reductions in working memory and speed of processing.

Psychol. Sci. 1991, 2, 179–183. [CrossRef]
127. Schaie, K.W. The course of adult intellectual development. Am. Psychol. 1994, 49, 304. [CrossRef]
128. Holliday, R. Understanding Ageing; Amsterdam University Press: Amsterdam, The Netherlands, 1995; Volume 30.

http://doi.org/10.1016/j.brat.2004.11.004
http://www.ncbi.nlm.nih.gov/pubmed/16159589
http://doi.org/10.1037/1040-3590.7.1.104
http://doi.org/10.1037/1040-3590.4.2.251
http://doi.org/10.1037/a0025830
http://doi.org/10.1016/j.ssci.2013.08.012
http://doi.org/10.3758/BRM.41.4.1149
http://doi.org/10.1111/j.1532-5415.2005.53221.x
http://www.ncbi.nlm.nih.gov/pubmed/15817019
http://doi.org/10.1007/s40520-017-0727-6
http://doi.org/10.1016/j.paid.2004.05.016
https://www.jamovi.org
http://users.ugent.be/~{}yrosseel/lavaan/lavaanIntroduction.pdf
http://users.ugent.be/~{}yrosseel/lavaan/lavaanIntroduction.pdf
http://doi.org/10.3389/fpsyg.2012.00111
http://www.ncbi.nlm.nih.gov/pubmed/22529829
http://doi.org/10.1016/j.aap.2005.12.002
http://doi.org/10.1111/j.1467-9280.1991.tb00127.x
http://doi.org/10.1037/0003-066X.49.4.304


Brain Sci. 2021, 11, 313 22 of 23

129. Svetina, M. The reaction times of drivers aged 20 to 80 during a divided attention driving. Traffic Inj. Prev. 2016, 17, 810–814.
[CrossRef]

130. Arking, R. The Biology of Aging, 2nd ed.; Sinauer Associates: Sunderland, MA, USA, 1998.
131. Salthouse, T.A. Aging and measures of processing speed. Biol. Psychol. 2000, 54, 35–54. [CrossRef]
132. Rodrigue, K.M.; Kennedy, K.M.; Raz, N. Aging and Longitudinal Change in Perceptual-Motor Skill Acquisition in Healthy Adults.

J. Gerontol. Ser. B 2005, 60, P174–P181. [CrossRef]
133. Schiavone, F.; Charlton, R.A.; Barrick, T.R.; Morris, R.G.; Markus, H.S. Imaging age-related cognitive decline: A comparison of

diffusion tensor and magnetization transfer MRI. J. Magn. Reson. Imaging 2009, 29, 23–30. [CrossRef]
134. Dykiert, D.; Der, G.; Starr, J.M.; Deary, I.J. Sex differences in reaction time mean and intraindividual variability across the life span.

Dev. Psychol. 2012, 48, 1262–1276. [CrossRef] [PubMed]
135. Karia, R.M.; Ghuntla, T.P.; Mehta, H.B.; Gokhale, P.A.; Shah, C.J. Effect of gender difference on visual reaction time: A study on

medical students of Bhavnagar region. IOSR J. Pharm. 2012, 2, 452–454.
136. Der, G.; Deary, I.J. Age and sex differences in reaction time in adulthood: Results from the United Kingdom Health and Lifestyle

Survey. Psychol. Aging 2006, 21, 62–73. [CrossRef]
137. Warshawsky-Livne, L.; Shinar, D. Effects of uncertainty, transmission type, driver age and gender on brake reaction and movement

time. J. Saf. Res. 2002, 33, 117–128. [CrossRef]
138. Ashok, J.; Suganthi, V.; Vijayalakshmi, I. Comparison of brake reaction time in younger and older drivers. Int. J. Res. Med. Sci.

2016, 4, 649–652. [CrossRef]
139. Bruce, J.; Russell, G.F.M. Premestrual Tension A Study of Wheight Changes and Balances of Water, Sodium, and, Potassium.

Lancet 1962, 280, 267–271. [CrossRef]
140. Reed, T.; Vernon, P.A.; Johnson, A.M. Sex difference in brain nerve conduction velocity in normal humans. Neuropsychologia 2004,

42, 1709–1714. [CrossRef] [PubMed]
141. Namita, D.P.R.; Shenvi, D.N. A comparative study of auditory and visual reaction time in males and females staff during shift

duty in the hospital. Biomed. Res. 2010, 21, 199–203.
142. Schooler, C.; Mulatu, M.S.; Oates, G. The continuing effects of substantively complex work on the intellectual functioning of older

workers. Psychol. Aging 1999, 14, 483. [CrossRef] [PubMed]
143. Schneeweis, N.; Skirbekk, V.; Winter-Ebmer, R. Does Education Improve Cognitive Performance Four Decades After School

Completion? Demography 2014, 51, 619–643. [CrossRef] [PubMed]
144. Cattell, R.B. Abilities: Their structure, growth, and action. Am. J. Psychol. 1971, 87, 290–296.
145. Deary, I.J.; Strand, S.; Smith, P.; Fernandes, C. Intelligence and educational achievement. Intelligence 2007, 35, 13–21. [CrossRef]
146. Guerra-Carrillo, B.; Katovich, K.; Bunge, S.A. Does higher education hone cognitive functioning and learning efficacy? Findings

from a large and diverse sample. PLoS ONE 2017, 12, e0182276. [CrossRef]
147. Lövdén, M.; Fratiglioni, L.; Glymour, M.M.; Lindenberger, U.; Tucker-Drob, E.M. Education and Cognitive Functioning Across

the Life Span. Psychol. Sci. Public Interest 2020, 21, 6–41. [CrossRef]
148. Shinar, D.; Schechtman, E.; Compton, R. Self-reports of safe driving behaviors in relationship to sex, age, education and income in

the US adult driving population. Accid. Anal. Prev. 2001, 33, 111–116. [CrossRef]
149. Lipnicki, D.M.; Makkar, S.R.; Crawford, J.D.; Thalamuthu, A.; Kochan, N.A.; Lima-Costa, M.F.; Castro-Costa, E.; Ferri, C.P.;

Brayne, C.; Stephan, B.; et al. Determinants of cognitive performance and decline in 20 diverse ethno-regional groups: A COSMIC
collaboration cohort study. PLoS Med. 2019, 16, e1002853. [CrossRef]

150. Edwards, A.L. The social desirability variable in personality assessment and research. Acad. Med. 1957, 33, 610–611.
151. Lane, R.D.; Merikangas, K.R.; Schwartz, G.E.; Huang, S.S.; Prusoff, B.A. Inverse relationship between defensiveness and lifetime

prevalence of psychiatric disorder. Am. J. Psychiatry 1990, 147, 573–578. [CrossRef]
152. Martino, V.; Grattagliano, I.; Bosco, A.; Massaro, Y.; Lisi, A.; Campobasso, F.; Marchitelli, M.A.; Catanesi, R. A New Index for the

MMPI-2 Test for Detecting Dissimulation in Forensic Evaluations: A Pilot Study. J. Forensic Sci. 2015, 61, 249–253. [CrossRef]
[PubMed]

153. Bosco, A.; Massaro, Y.; Lisi, A.; Di Conza, A.; Campobasso, F.; Caffò, A.O.; Grattagliano, I. Detecting faking good in military
enlistment procedure according to a new index for the MMPI-2. Ital. J. Criminol. 2020, 14, 99–109.

154. Edwards, A.L.; Crowne, D.P.; Marlowe, D. The Approval Motive: Studies in Evaluative Dependence. Am. J. Psychol. 1965, 78, 514.
[CrossRef]

155. Frenkel, M.O.; Heck, R.-B.; Plessner, H. Cortisol and behavioral reaction of low and high sensation seekers differ in responding to
a sport-specific stressor. Anxiety Stress Coping 2018, 31, 580–593. [CrossRef] [PubMed]

156. Allen, M.S.; Greenlees, I.; Jones, M.V. Personality in sport: A comprehensive review. Int. Rev. Sport Exerc. Psychol. 2013, 6, 184–208.
[CrossRef]

157. Lavie, N.; Hirst, A.; De Fockert, J.W.; Viding, E. Load Theory of Selective Attention and Cognitive Control. J. Exp. Psychol. Gen.
2004, 133, 339–354. [CrossRef] [PubMed]

158. Sadeh, N.; Verona, E. Psychopathic personality traits associated with abnormal selective attention and impaired cognitive control.
Neuropsychology 2008, 22, 669. [CrossRef]

159. Wickett, J.C.; Vernon, P.A. Replicating the movement time–extraversion link . . . with a little help from IQ. Pers. Ind. Dif. 2000,
28, 205–215. [CrossRef]

http://doi.org/10.1080/15389588.2016.1157590
http://doi.org/10.1016/S0301-0511(00)00052-1
http://doi.org/10.1093/geronb/60.4.P174
http://doi.org/10.1002/jmri.21572
http://doi.org/10.1037/a0027550
http://www.ncbi.nlm.nih.gov/pubmed/22390656
http://doi.org/10.1037/0882-7974.21.1.62
http://doi.org/10.1016/S0022-4375(02)00006-3
http://doi.org/10.18203/2320-6012.ijrms20160332
http://doi.org/10.1016/S0140-6736(62)90173-3
http://doi.org/10.1016/j.neuropsychologia.2004.02.016
http://www.ncbi.nlm.nih.gov/pubmed/15327938
http://doi.org/10.1037/0882-7974.14.3.483
http://www.ncbi.nlm.nih.gov/pubmed/10509702
http://doi.org/10.1007/s13524-014-0281-1
http://www.ncbi.nlm.nih.gov/pubmed/24578168
http://doi.org/10.1016/j.intell.2006.02.001
http://doi.org/10.1371/journal.pone.0182276
http://doi.org/10.1177/1529100620920576
http://doi.org/10.1016/S0001-4575(00)00021-X
http://doi.org/10.1371/journal.pmed.1002853
http://doi.org/10.1176/ajp.147.5.573
http://doi.org/10.1111/1556-4029.12889
http://www.ncbi.nlm.nih.gov/pubmed/26305512
http://doi.org/10.2307/1420595
http://doi.org/10.1080/10615806.2018.1498277
http://www.ncbi.nlm.nih.gov/pubmed/30010412
http://doi.org/10.1080/1750984X.2013.769614
http://doi.org/10.1037/0096-3445.133.3.339
http://www.ncbi.nlm.nih.gov/pubmed/15355143
http://doi.org/10.1037/a0012692
http://doi.org/10.1016/S0191-8869(99)00063-X


Brain Sci. 2021, 11, 313 23 of 23

160. Doucet, C.; Stelmack, R.M. An event-related potential analysis of extraversion and individual differences in cognitive processing
speed and response execution. J. Pers. Psychol. 2000, 78, 956. [CrossRef]

161. Stahl, J.; Rammsayer, T. Differences in the transmission of sensory input into motor output between introverts and extraverts:
Behavioral and psychophysiological analyses. Brain Cogn. 2004, 56, 293–303. [CrossRef] [PubMed]

162. Marbes, K. Über Unfallversicherung und Psychotechnik. Prakt. Psychol. 1923, 4, 257–264.
163. Spano, G.; Caffò, A.O.; Lopez, A.; Mallia, L.; Gormley, M.; Innamorati, M.; Lucidi, F.; Bosco, A. Validating Driver Behavior and

Attitude Measure for Older Italian Drivers and Investigating Their Link to Rare Collision Events. Front. Psychol. 2019, 10, 368.
[CrossRef]

http://doi.org/10.1037/0022-3514.78.5.956
http://doi.org/10.1016/j.bandc.2004.07.004
http://www.ncbi.nlm.nih.gov/pubmed/15522767
http://doi.org/10.3389/fpsyg.2019.00368

	Introduction 
	Models of Personality Traits in Driving 
	Age and Gender Differences in Driving-Related Personality Traits 
	Normal and Pathological Personality Traits Related to the Cognitive Fitness to Drive 
	The Present Study 

	Materials and Methods 
	Participants 
	Materials and Procedures 
	Overall Cognitive Functioning 
	Fitness-to-Drive Screening 
	Personality Assessment 

	Statistical Analysis 

	Results 
	Descriptive Statistics and Preliminary Analyses 
	Factor Analysis and Reliability of the MMPI-2-Based Sensation-Seeking Scale (MSS) 
	Multiple Regression Analyses 
	Resilience of Attention (DT) 
	Reaction Speed (RS) 
	Motor Speed (MS) 
	Perceptual Speed (ATAVT) 


	Discussion 
	Effects of Demographic Variables 
	Effects of Personality Traits Models 

	Conclusions 
	References

