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Literature on driving research suggests a relationship between cognition and driving performance in older and younger drivers. There is little research on adults and driving, despite them being the largest age cohort behind the wheel. Among the cognitive domains, visuospatial abilities are expected to be highly predictive of driving skills and driving fitness. The relationship between specific spatial mental transformation skills (i.e., object and self-based ones) and driving performance has not yet been examined. The present study aimed to investigate the relationship between overall cognitive functioning, self and object-based spatial mental transformation skills, and driving performance in a sample of younger and older adult drivers. Participants were comprised of one hundred younger and 83 older adult Italian drivers. Participants completed a computerized driving test assessing traffic stress resilience, visual and motor reaction time, and the ability to obtain an overview of the traffic scenario (DT, vRT, mRT, and ATAV respectively in the Shufried®-Vienna Test System–DRIVESC). The Mental Rotation Test (MRT) and the Object Perspective Taking Test (OPT) were administered in order to assess object-based and self-based spatial mental transformation skills. The Montreal Cognitive Assessment Test (MoCA) was administered control for global cognitive functioning. The effects of education and gender were also controlled in the analysis. The results of the present study suggested that: (1) The effect of age, favoring younger participants, was found in DT, vRT, mRT, and ATAVT tests. (2) The effect of global cognitive functioning was found in DT and ATAV tests. (3) The effect of the spatial mental transformation tests was found in DT, vRT (MRT only), and ATAVT (OPT only) tests. Taken together, these results suggest the specific contribution of spatial mental transformation skills in the execution of complex behaviors connected to the fitness to drive. Prospectively, the results of the present study relating spatial mental transformation skills and driving processes may be a valuable source of knowledge for researchers dealing with the relationship between cognitive resources and navigation aids.
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INTRODUCTION

Driving a motor vehicle is one of the most complex, multifaceted, and potentially hazardous tasks that people encounter every day (Michon, 1979; Lee, 2008; Ledger et al., 2019a). It requires the processing of simultaneous environmental cues and the simultaneous execution of several sub-tasks in a safe way (Galski et al., 1992). According to Michon (1979), dangers, such as the risk of being involved in an accident, will occur with some probabilities while driving. A number of factors, acting alone or connected, could cause accidents to occur, such as vehicle (i.e., tires’ conditions), road (i.e., road grip), environmental (i.e., weather conditions), and human (i.e., cognitive failures, attentional blinks) factors (Treat et al., 1979; Evans, 1991; Eboli and Forciniti, 2020). Human factors, which are considered the cause of more than 70% of road accidents (Evans, 1996; Petridou and Moustaki, 2000; Istat, 2019), refer to an individuals’ driving skills, driving style, cognitive abilities, and personality measures (Evans, 1991; Elander et al., 1993).

According to Elander et al. (1993), driving skills refer to strengths and weaknesses of the individual’s driving performance, that is the execution of the ensemble of driving’s sub-tasks (e.g., steering wheel, time taken to react to dangers) that improves with practice. The driving style includes the way people choose to drive based on habits consolidated over years (e.g., speed or proneness to violation), influenced by attitudes toward driving and the individual’s values. Driving skills and driving style correspond to what Evans (1991) initially theorized as “driving performance” and “driving behavior,” respectively. Both measures are considered intrinsic to driving (Elander et al., 1993). In addition to this, Elander et al. (1993) also proposed a framework of psychological factors related to crash rates that included measures that are extrinsic (but related) to driving. For example, cognitive abilities (i.e., reaction times, visual attention) and personality traits (i.e., type A personality, sensation seeking) would count among a driver’s extrinsic measures.

More specifically, general cognitive functions, considered accurate predictors of driving performance, include attention, executive functioning, memory, logic reasoning, psychomotor abilities, and visuospatial skills (Reger et al., 2004; Uc et al., 2006b; Sommer et al., 2008; Mathias and Lucas, 2009; Aksan et al., 2015; Overton et al., 2015; Zicat et al., 2018; Palmiero et al., 2019).

Each driving sub-task requires a combination/integration of cognitive domains, which have to process a wide range of sensory information in order to safely manage the vehicle and to deal with hazards. For example, using the steering wheel to track the road requires visual tracking, psychomotor abilities (i.e., oculomotor coordination), praxic abilities (i.e., grasping), and processing speed.

Visuospatial skills can be considered as classics among the cognitive domains contributing to driving (Sommer et al., 2008). Indeed, driving requires the ability to clearly see the shape and color of objects and reliably estimate their distance in order to rapidly and effectively decide to perform driving maneuvers (Galski et al., 1992; Groeger, 2000). Measures of visual acuity, visual attention, motion detection, visuo-constructive abilities, and immediate visuo-spatial memory are considered good predictors of real-world driving (for a review see Anstey et al., 2005; see also Mathias and Lucas, 2009). Moreover, driving requires selecting routes, maintaining the path while monitoring one’s own position with respect to the goal location, and selecting and recognizing routes and places (e.g., Golledge, 1999). Visuospatial skills, other than to supplement driving performance, also support human navigation. In particular, spatial mental representation skills are considered predictive of the ability to navigate (Kozhevnikov et al., 2006; Muffato et al., 2017; Ruginski et al., 2019). Despite this, the specific contribution of representation and transformation of spatial information has been neglected in driving research. In a recent study, Nori et al. (2020) demonstrated that a specific strategy of spatial navigation predicted self-reported driving behaviors. The authors found that good navigators who preferred survey strategy for spatial navigation reported fewer driving violations and less aggressive behavior than route and landmark strategies’ users.

Several studies outlined that road crashes are partially determined by individual factors unrelated to safe driving (Evans, 1991; Fox et al., 1998; Sommer et al., 2008). For example, several personality traits have been demonstrated to contribute to effective driving behaviors (Sommer et al., 2008) and showed predictive validity on measures of driving fitness (Oltedal and Rundmo, 2006). In particular, personality traits seem to influence decisions about the goals to achieve while driving (Sommer et al., 2008). For example, speeding is a driving behavior linked with Sensation Seeking (Whissell and Bigelow, 2003). Moreover, the chosen driving speed is one aspect of driving style that has been demonstrated as being determinant for a differential crash-involvement (Elander et al., 1993). In other words, driving styles seem to be an expression of both cognition and personality that, in turn, influence behavior and the fitness to drive.


The Assessment of Fitness to Drive

Fitness to drive (FTD) is defined as “the ability to drive safely without problems caused by physical abilities, injuries, medical or mental health” (Road Safety Canada Consulting, 2011).

The assessment of FTD requires steady and accurate monitoring of the drivers’ level of competencies in order to meet the medico-legal demands for license-renewal and relicensing. The background research on the evaluation of FTD suggests that the performance-based assessment offers great clinical validity in predicting driving performance (Dickerson et al., 2011). The assessment of FTD includes on-road tests, simulated driving tests, and cognitive evaluation (Galski et al., 2000; Caffò et al., 2020). The on-road test is considered the gold-standard in measuring driving performance (Mathias and Lucas, 2009). Despite this, it is widely shared that the high costs and potential risks associated with on-road tests has limited their diffusion as a research task (Lee et al., 2003; Mathias and Lucas, 2009).

Conversely, literature shows moderate agreement in supporting the validity of driving simulators for the assessment of FTD with respect to neuropsychological and on-road tests (Caffò et al., 2020). Several studies showed that driving simulators are valid substitutes for on-road driving tests (Lee et al., 2007; de Winter et al., 2009) and for laboratory testing (i.e., cognitive assessment; Crizzle et al., 2012; Murray, 2017). Despite this, the lack of research on the standards and psychometric properties of driving tests, together with the phenomenon of simulation sickness, limited their use (Caffò et al., 2020). The cognitive assessment includes both the use of paper-and-pencil and computerized tests. Paper and pencil cognitive evaluation should not be used alone to make relicensing decisions (e.g., Brooks and Hawley, 2005). Moreover, there is no broad agreement on the cognitive domains to be assessed and tests to be employed. Despite these two limitations, the cognitive assessment through psychometric standardized tools is a cost-effective method to identify unsafe drivers who need further driving assessment (e.g., McKenna et al., 2004) and to detect some potential impairments undetectable through neither the on-road test nor through the simulated drive (e.g., Anstey et al., 2005). Tests most frequently used for assessing driving skills in both on-road and simulated driving are: Trail Making Test, Wechsler Adult Intelligent Scale subtests, Rey Complex Figure Test, Mini Mental State Examination, Useful Field Of View, Benton Line Orientation, and Clock Drawing Test (for a review see, Anstey et al., 2005; see also, Mathias and Lucas, 2009). Computerized cognitive assessment provides an evaluation of cognitive, perceptive, and motor functions related to driving. The DRIVESC® package of the Vienna Test System (Schuhfried GmbH, 2016) is an example of such an assessment. This tool is generally used in clinical context for the assessment of FTD in healthy drivers and the improvement/training of the impaired sensorimotor and cognitive prerequisites due to injuries and disease. The DRIVESC includes three sub-tasks: (a) the Determination Test (DT), a complex reaction task which evaluates an individual’s traffic stress resilience; (b) the Reaction Test, a sort of go no-go (simple reaction) task which provides measures of speed reaction, motor speed, and inhibitory control; and (c) the Adaptive Tachistoscopic Traffic Perception Test (ATAVT), a visual attention task which evaluates an individual’s ability to obtain an overview of static traffic visual scenes. These single subtests showed significant correlations with on-road driving measures in a sample of active drivers aged from 19 to 91 years (Schuhfried GmbH, 2016), as well as predictive validity in discriminating the driving performance of healthy older drivers from those with traumatic brain injury and stroke (Vetter and Debelak, 2012). It has been previously demonstrated that computer-based tools ensure test administrator’s independence and are preferable with respect to paper and pencil tests (Kubinger, 1995). Finally, this tool provides driving-related measures that avoid simulation sickness-related issues.

The literature on FTD showed that the largest part of the research on FTD reported comparisons between young and elderly drivers, providing a limited view on driving performance in other age ranges (Svetina, 2016). The comparison between young and elderly drivers is methodologically beneficial to investigate specific/differential features of older and younger drivers. Yet changes in cognitive functioning could also occur from 30-years-old (Salthouse, 2009). Since cognitive functioning constantly changes after the age of 30, adult drivers should be included in research, thus shifting the focus to the comparison between young and adult drivers. This becomes more important when considering that the onset of the neurodegenerative process that leads to dementia begins about 10–12 years before the diagnosis (Sperling et al., 2011), largely overlapping with active driving ages. Moreover, measures of overall cognitive functioning collected by tests on mental status have been widely employed in research focused on > 65-year-old drivers, but scarcely in studies regarding younger drivers. In a recent study, Ledger et al. (2019b) showed that measures of mental status significantly predicted the overall driving performance in a sample of middle-aged drivers only.

Despite the abovementioned attention devoted to driving-related visuo-spatial skills approaching the predictive validity of several visuo-spatial computerized and paper-and-pencil tests (for a review, Mathias and Lucas, 2009), little is known about the relationship between basic spatial mental transformation processes, namely—mental rotation and spatial perspective taking—and measures of FTD. Basic spatial mental transformations skills involve the ability to imagine/monitor the movement of 3-dimensional objects in the space (i.e., object-based transformations) or to mentally change the personal perspective (i.e., egocentric/self-based transformations). Object-based and self-based spatial mental transformations, often measured by using the Mental Rotation Task (Vandenberg and Kuse, 1978) and Perspective Taking Task (Kozhevnikov and Hegarty, 2001), play a key role in mentally transforming spatial/environmental information and are related to spatial updating (Wolbers and Hegarty, 2010; Wolbers and Wiener, 2014). These two spatial abilities are important for human navigation (Ruginski et al., 2019) when exploration is based on walking. Recently, Ruginski et al. (2019) demonstrated that long-term GPS use negatively affected mental rotation and perspective taking skills that, in turn, were found to be associated with environmental learning outcomes (Muffato et al., 2017). Mental rotation and perspective taking skills should gain importance also in navigation by car, supporting complex behaviors connected to driving when speed is significantly higher and therefore decision times must decrease. To the best of our knowledge, there are no studies that have investigated the direct relationship between these two spatial mental transformation skills and the FTD.

Finally, it is unclear whether and how the interaction within the demographic variables (i.e., age, gender, and education) and between demographic and cognitive variables affects the FTD.



Demographic Factors Affecting Fitness to Drive

When reference is made to human factors, it is necessary to consider others key human characteristics, useful for the identification of high-risk drivers, namely: age, gender, and level of education (Lourens et al., 1999). Regarding age, both young and adult/elderly drivers are involved in traffic accidents (Prendergast, 2012; Oster and Strong, 2013; Fraade-Blanar et al., 2018; Castellucci et al., 2020). The increase of older drivers has been demonstrated to have had specific consequences on the traffic stream, especially at intersections (e.g., an increase in start-up lost time; Lu and Pernía, 2000). According to Salthouse (2009), cognitive functions accomplish their full maturation in early adulthood, gaining a peak between the range of age 22–27, then start a slow decline after age 30 that accelerates around 60 years and over. It is known that with the increase of age, some medical conditions, such as neurological damage/disease, visual problems, or cognitive impairment, could occur (Ball and Owsley, 1993; Vernon, 1995; Reger et al., 2004; Whelihan et al., 2005; Mathias and Lucas, 2009). However, in a recent study, Ledger et al. (2019a) found that measures of cognitive functioning similarly predicted simulated driving performance in young and mature/elderly drivers, concluding that cognitive functioning affected driving performance throughout life. The incomplete maturation of cognitive functions in young-adulthood and the cognitive decline early observed in mature adults and accelerated in the elderly can cause similar quotes of crash rates (Ledger et al., 2019a). Moreover, young drivers seemed to be more prone to committing driving violations due to cognitive errors (i.e., inhibitory control and decision making—Pharo et al., 2011), behavioral habits (i.e., speeding—Parker et al., 1995; Williams and Shabanova, 2003), and personality disposition (i.e., trait anxiety and sensation seeking—Cestac et al., 2011; Zicat et al., 2018), breaking the rules more frequently (Simon and Corbett, 1996; Cordellieri et al., 2016) compared to the elderly.

Gender differences in driving literature were established at both behavioral and cognitive levels (Getzmann et al., 2018). Males showed less concern for driving safety issues (Butters et al., 2012) and higher speed driving (Hagen, 1975; Taylor et al., 1991; Lourens et al., 1999), had a greater tendency to take risks (Evans, 1991), a greater likelihood to commit driving violations (Rhodes and Pivik, 2011), and more aggressive behavior and proneness to being involved in road accidents than females (Simon and Corbett, 1996; Jiménez-Mejías et al., 2014). Cordellieri et al. (2016) demonstrated that young male drivers were more prone to accept driving violations, speeding, and alcohol and drugs use. Females show greater stress vulnerability while driving than males (Matthews et al., 1999). Males also showed better performance than females in simple, but not in complex, reaction tasks (Dykiert et al., 2012).

Finally, the role of education in predicting driving outcomes is less clear. Hemenway and Solnick (1993) showed that richer and more educated drivers were more confident when reporting their driving habits, such as speed used, than drivers with lower levels of socio-economic status and education. According to Shinar et al. (2001), education constitutes a strong cognitive component of safe driving attitudes. These authors tested the hypothesis that income was related to compliance with social norms among the most educated people. Results showed that the tendency to speed decreased with age and increased with education and income, whereas the use of safety-belts increased with age and education but not with income.



The Present Study

The present study aimed to investigate whether demographic and cognitive variables predicted FTD in two age groups, evaluating the specific contribution of both object-and self-based spatial mental transformations. It was assumed that the performance in driving tasks would be predicted by (1) age, gender, and the level of education; (2) the overall cognitive functioning; and (3) both the measures of spatial mental transformation. Considering the above-mentioned literature, a negative effect for age group is expected on driving prerequisites (e.g., Salthouse, 2009; Svetina, 2016), while a positive effect is expected for cognitive functioning (e.g., Mathias and Lucas, 2009; Ledger et al., 2019a). The last hypothesis is supposed to be relevant since all the driving tasks used here involve (at least) spatial visualization skills. Mental transformations of spatial information, which are demonstrated to be relevant for human navigation (e.g., Wolbers and Hegarty, 2010) and environmental learning (Ruginski et al., 2019), may also be of relevance in supporting driving performance. It was decided to use the driving-related measures as separate outcomes rather than collapsing them into a single measure of fitness to drive in order to investigate the specific contribution of each predictor on each driving prerequisite. Moreover, the role of first order interactions between demographics (i.e., age, gender, and level of education) and cognitive predictors (i.e., overall functioning and spatial transformation skills) was assessed in the attempt to better predict driving measures. Consequently, the best fitting model was retained after the comparison between the main effect and the first order interaction model.



MATERIALS AND METHODS


Participants

A power analysis to estimate the sample size was carried out using G∗Power 3.1 (Faul et al., 2009), with the following parameters: a p level of 0.05, a cautious low effect size (0.12), and a power of 0.80. Results indicated that a sample size of 120 participants was sufficient to warrant an 80% chance of correctly rejecting the null hypothesis.

One hundred eighty-three healthy participants, 63 females, between 18 and 64 years of age, took part in the study. One hundred younger adults (i.e., 33 females, age M ± SD = 23.1 ± 3.55; level of education M ± SD = 13.2 ± 1.06, years) and 83 older adults (i.e., 30 females, age M ± SD = 54.1 ± 7.29; level of education M ± SD = 11.3 ± 2.60, years) were enrolled in the study. All participants were required to: have Italian as their mother tongue; hold a valid current driver’s license, provisional or above; have normal or corrected to normal vision; have driven more than one time within the last month; and not be or had been a professional driver (e.g., taxi driver, truck driver, transporter on delivery, etc.). Descriptive statistics for the two groups are reported in Table 1. The participants, blind to the hypothesis of the study, were volunteers recruited with the support of a proxy informant, generally undergraduate and graduate students, trainees, and employers of the Department. All participants signed their informed consent prior to the enrolment in the present study.


TABLE 1. Correlation matrix between the variables.

[image: Table 1]The Ethical Committee of the Department of Education, Psychology, and Communication approved the study protocol, and the whole study was performed following the Helsinki Declaration and its later amendments.



Materials and Procedure

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 March and June 2019. A brief interview was administered by supervised trainees in neuropsychological assessment to collect demographic information, to exclude neurodegenerative and vision/hearing disorders, and to gather information about participant’s driving habits and years of license. The frequency of driving was recorded as an ordinal variable (1 = “2/3 times per month”; 2 = “at least once a week”; 3 = “more than one time per week”). After completing the interview, all participants completed the following tests according to the reported order:


Measure of Overall Cognitive Functioning

Overall cognitive function was assessed through the Montreal Cognitive Assessment (MoCA; Nasreddine et al., 2005), which evaluates several cognitive domains, namely visuospatial/executive, naming, attention, language, abstraction, memory, and orientation on a 30-points scale The best cut-off used in an Italian sample was a MoCA score = 17 (Bosco et al., 2017, 2020) for discriminating participants with probable cognitive impairment. No one was excluded from the sample.



Measures of Spatial Mental Transformation

The Mental Rotation Test (MRT) is a paper-and-pencil test of spatial visualization and object-based spatial mental transformation. MRT was developed by Vandenberg and Kuse (1978) based on the stimuli used initially by Shepard and Metzler (1971). The test contains 20 items (two-dimensional drawings of three-dimensional objects) and each item consists of a criterion figure, two correct alternatives, and two distractors. Correct alternatives have an identical structure to the criterion but are shown in a rotated position. Participants must select the correct alternatives. Each line is considered correct if both choices are correct. The test is divided into two parts, with 3 min to accomplish each part. The test administration includes the execution of three trials after the task’s explanation and before starting the test. The entire procedure takes about 10 min.

To assess participant’s perspective taking abilities, a revised form (Hegarty and Waller, 2004) of the Object Perspective Taking Test (OPT; Kozhevnikov and Hegarty, 2001) was administered. OPT is a paper-and-pencil test that examines self-based egocentric spatial mental transformation skills. For each of the 12 items, a configuration of seven objects was drawn on the top half of a sheet paper. Participants were asked to imagine being at the position of one object in the configuration, facing another object, and to indicate the direction to a third object (the target). A circle was drawn in the bottom half of the sheet paper, the imagined standing point was drawn in the center of the circle, and the imagined heading (direction to the second object) was represented by an arrow pointing vertically up. Participants were asked to draw an arrow from the center of the circle pointing in the direction of the target object. The item’s score was the absolute directional error, namely the deviation in degrees between the participant’s answer and the correct direction to the target. The total score is the average deviation across items. A high total score corresponds to a lower level of ability in OPT. The time limit to accomplish the test was 5 min. The test administration includes the execution of one trial after the task’s explanation and before starting the test. The entire procedure takes about 10 min.



Fitness to Drive Screening

The Fitness to Drive Screening (DRIVESC-Version 03; Schuhfried GmbH, 2016) test set is part of the Shuhfried’s Vienna Test System. It was used to test the participants’ fitness to drive. DRIVESC test set has already been shown in several studies to have predictive validity on real-world and simulated driving performance (Schuhfried and Prieler, 1997; Schuhfried, 1998; Karner and Neuwirth, 2000; Kristöffl and Nechtelberger, 2001; Vetter and Debelak, 2012). The criterion validity of the DRIVESC test set was measured as the point-biserial correlation between the subtests and a standardized driving test and estimated by using additive regression analysis (see Vetter and Debelak, 2012). The study of Vetter and Debelak (2012) showed an additive validity equal to rpb = 0.41. The administration was consistent with the use of a standard computer test that guarantees the test-administrator independence, reliability of interpretation, and security against miscalculation of the measures. The apparatus included an LCD computer monitor (19 in wide), a standard audio output device (headset), an ergonomic response panel, and two-foot pedals. The experimental screening took approximately 25 min to complete the three different subtests: Reaction Test (RT), Determination Test (DT), and Adaptive Tachistoscopic Traffic Perception Test (ATAVT).

∙ The RT involves the ability to respond to specific auditory and visual stimuli as quickly and accurately as possible. It provides two distinct measures: (i) Reaction speed (visual reaction time; RTV), that is, the amount of time between the onset of the stimulus and the start of the response movement and (ii) Motor speed (motor reaction time; RTM), that is the time between the moment in which the participant’s finger leaves the rest button and the moment in which the reaction button is pressed. Both these measures are taped in milliseconds where a short-time reaction (i.e., high visual and motor reaction speed) corresponds to a higher ability to quickly respond and carry out the planned action sequences in relevant stimulus-reaction situations.

∙ The DT provides a measure of reactive stress tolerance, that is, the individual’s ability to react quickly and accurately under stress. It includes five optical stimuli of different colors, two different acoustic stimuli, and two visual signals for the foot-pedal keys (respectively, left and right). Participants had to press the corresponding button or foot pedal as quickly and accurately as possible. The software varies the speed of stimuli presentation based on the respondent’s ongoing performance through a computer adaptive system and records participants’ performance in terms of accuracy (i.e., hits, omissions, and false alarms) and response delay (i.e., milliseconds).

∙ The ATAVT measures the individual’s ability to rapidly identify objects and visual patterns (Carroll, 1993) potentially relevant for an overview of the traffic visual scene. ATAVT was administered in the right-hand traffic form according to the Italian Traffic Laws. In this subtest, pictures of traffic scenarios are presented for 1 s after an acoustic cue. After each picture, the respondent is requested to tell if one or more elements were present in the picture, choosing among listed options (i.e., motorcycles/bicycles, automobiles, traffic signs, traffic lights, and pedestrians). The participants’ performance is judged based on the number of correct responses (omissions and false alarms are also recorded). The scores of the three subtests are provided as a raw score (called parameters) and percentile ranks. For the statistical analysis only percentile ranks have been 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 Psychology of the university. Each assessment session was accomplished by two instructed research assistants and lasted 60–90 min, with breaks provided as requested by participants.



Data Cleaning and Transformation

Three group of variables were considered for the statistical analysis: the demographic measures (i.e., age, gender and education), the cognitive measures (MoCA, MRT, and OPT), and the fitness-to-drive measures (i.e., DT, RTV, RTM, and ATAVT). Before running the analysis, data were controlled for missing data and outliers examining box plots. No missing data were found. Normality, Linearity, and Homoscedasticity were also assessed. Linearity was assessed calculating the Variance inflation Factors (VIF). Homoscedasticity/Heteroscedasticity (the comparison between variances of variables) was examined from bivariate scatter plots. Since some variables were differently skewed, all continuous measures were transformed into their square roots. This transformation was also used to reduce the impact of outliers (Tabachnick and Fidell, 2019). After the transformations, no outliers were found, and the distribution of all variables deviated from normality (Shapiro-Wilk, p < 0.001).



Statistical Analysis

A Chi-squared test between gender (females and males) and age (younger and adults) variables was performed in order to test for their independence. Independent samples t-tests were performed to test for differences in performance measures between both age and gender groups. An independent sample t-test was performed in order to test differences in education degree between younger and older and adults. A series of ANOVAs were performed to test for differences in the driving prerequisites’ performance among the reported driving frequency. Correlation coefficients and related p-values were calculated between all the variables.

Moreover, reliability analysis was performed for those measures: MoCA, MRT, OPT, DT, RT, and ATAVT. Finally, in order to investigate the influence of demographic and cognitive variables on driving performance, a series of multiple regression analyses was performed using the software R, lavaan package (Rosseel, 2011); the value of p was set to 0.05 for calculation of statistical significance. Two models for each measure of FTD performance as criterion were tested, considering as predictors: a) the demographic and the cognitive variables’ main effects and b) the main effects and first order’s interactions of such predictors. The effect size Cohen’s f2 was estimated for each model (Selya et al., 2012).



RESULTS


Descriptive Statistics and Preliminary Analyses

Table 1 shows means, standard deviations, and correlation coefficients for the variables employed in this study. Cronbach’s α is reported for the psychometric standardized tools. The means and standard deviations of the tasks for both age and gender groups are reported in Supplementary Table S1. The results of Chi-squared test on contingency tables indicated that, in the composition of the sample, gender was not associated with age (χ2 = 0.199; p = 0.66). The results of t-test for independent samples revealed a significant difference in terms of education degree between the younger and older adults [EDU: t(181) = 5.95; p < 0.001] with a large effect size (Cohen’s d = 0.88), favoring the young. Considering the driving frequency, seven participants reported to drive two/three times per month (3.8%), 12 participants responded to drive at least once a week (6.5%), and the largest part of the sample reported to drive more than one time per week (124 participants; 67.4%). No significant differences were found in the DRIVESC subtests performance among the different classes of time of driving [DT: F(2, 180) = 1.21, p = 0.30; RTM: F(2, 180) = 0.61, p = 0.54; RTV: F(2, 180) = 1.02, p = 0.36; ATAVT: F(2, 180) = 0.17, p = 0.84]. Moreover, t-tests for independent samples revealed significant differences between the two age groups in cognitive and driving tests, in favor of the young [MoCA: t(181) = 2.90, p < 0.005; MRT: t(181) = 5.49, p < 0.001; OPT: t(181) = −5.85, p < 0.001; DT: t(181) = 9.87, p < 0.001; RTM: t(181) = 5.24, p < 0.001; RTV: t(181) = 4.29, p < 0.001; ATAVT: t(181) = 5.94; p < 0.001]. With respect to gender, males performed significantly better than females in MRT [t(181) = −3.80, p < 0.001] and OPT [t(181) = 2.40, p < 0.05] and also showed lower reaction times [RTM: t(181) = −6.77, p < 0.001; RTV: t(181) = −2.64, p < 0.005]. No significant gender differences were found in overall cognitive functioning and driving measures. Except for Education, all correlations between predictors, and between the predictors and one or more of the four FTD measures, were significant. No correlation coefficients between predictors was higher than.75, suggesting that there were no issues of multicollinearity among them. As a result, all variables were included in multiple regression models.



Multiple Regression Analyses

A series of multiple regression analyses was run considering the demographic variables (i.e., age group, gender, and education) and the cognitive variables (i.e., MoCA, MRT, and OPT scores) as predictors of the driving measures. Four separate couples of multiple regression models were performed, one for each of the driving subtests as outcome (e.g., DT, RTM, RTV, and ATAVT). To start, models with independent predictors (main effects) were tested. Subsequently, interactions (first order effects) between the two class of predictors were added. For each of the driving outcomes the fits of the two models were compared with a series of ANOVAs and the most parsimonious one was retained and interpreted.



Determination Test (DT)

The first multiple regression analysis was performed on DT subtest. Significant and non-significant effects are reported in Table 2. R2 for the main effect model was equal to 0.49 (adj. R2 = 0.47), and for first-order interaction model was equal to 0.52 (adj. R2 = 0.47). No significant difference was found between the two models [F(1, 9) = 0.99, p = 0.44]. Moreover, models showed almost equal large effect-sizes (Cohen’s f2 = 0.90). The first-order effects model showed no significant effects of interaction between cognitive and demographic predictors. Consequently, the main effects model appeared to be more parsimonious than the first-order interaction one, and it was retained and discussed. With respect to the main effect model, significant results were found for the effects of age group (β = 0.782; p < 0.001), gender (β = −0.242; p < 0.05), overall cognitive functioning (β = 0.884; p < 0.05), mental rotation (β = 0.205; p < 0.05), and perspective-taking abilities (β = −0.120; p < 0.005) (see Table 2).


TABLE 2. Standardized beta coefficients, Standard Errors and significance levels for predictors for DT variable. Adjusted R-squared and F statistic are also reported.
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Visual Reaction Times (RTV)

The second multiple regression analysis was performed on RTV subtest (Table 3). Predictors were the same as in the previous analyses. R2 of the main-effects model and first-order interaction model were R2 = 0.16 (adj. R2 = 0.13) vs. R2 = 0.21 (adj. R2 = 0.13), respectively. Models did not differ significantly [F(1, 9) = 1.06, p = 0.39] and showed medium effect-sizes (Cohen’s f2 = 0.19 and 0.26, respectively). No significant interaction effects were found. The main effects model was retained.


TABLE 3. Standardized beta coefficients, Standard Errors and significance levels for predictors for RTV variable. Adjusted R-squared and F statistic are also reported.

[image: Table 3]Significant results were found for the effect of age group (β = −0.532; p < 0.005), gender (β = 0.336; p < 0.05), and mental rotation ability (β = 0.325; p < 0.05) in the main-effects model (see Table 3).



Motor Reaction Times (RTM)

The third multiple regression analysis was performed on RTM subtest (Table 3). Predictors was the same as in the previous analysis. R2 of the main-effects model was R2 = 0.35 (adj. R2 = 0.32). R2 = 0.40 (adj. R2 = 0.35) emerged for the first order interaction model. Models did not differ significantly [F(1, 9) = 1.73, p = 0.08] and both showed large effect-sizes (Cohen’s f2 = 0.53 and 0.67, respectively). In the first-order interaction model, no significant interaction effects were found between the two classes of predictors. As in the previous analysis, the main-effects model has been discussed. Considering the main effects model, significant results were found for the effect of age (β = −0.603; p < 0.001) and gender (β = 0.875; p < 0.001) (see Table 4). No cognitive predictors were shown to significantly affect the motor reaction times.


TABLE 4. Standardized beta coefficients, Standard Errors and significance levels for predictors for RTM variable. Adjusted R-squared and F statistic are also reported.
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Traffic Tachistoscopic Visual Acquisition (ATAVT)

Table 5 shows the multiple regression analysis performed on the ATAVT subtest. Predictors were the same as in the previous analyses. R2 were equal to 0.27 (adj. R2 = 0.25) for the main effects and R2 = 0.35 (adj. R2 = 0.29) for the interaction effect. Each model showed large effect-sizes (Cohen’s f2 = 0.38 and = 0.53, respectively) and a significant difference [F(1, 9) = 2.08, p < 0.05]. In the main-effects model, significant results were found for the effect of age group (β = −0.645; p < 0.001), and cognitive functioning (β = 1.71; p < 0.005) on Traffic Tachistoscopic Visual Acquisition. These two main effects remained significant even after the insertion in the analysis of first-order interactions. Moreover, a significant interaction effect gender group∗perspective taking ability (β = −0.166; p < 0.005), was found (see Table 5). The last result suggested that there were no differences in performance between male and female participants at lower levels of ability in OPT; on the contrary this difference increased at higher levels of ability in OPT, in favor of the male. The first order interaction model was discussed.


TABLE 5. Standardized beta coefficients, Standard Errors and significance levels for predictors for ATAVT variable. Adjusted R-squared and F statistic are also reported.
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DISCUSSION

The present study aimed to investigate the role of cognitive variables (i.e., overall cognitive functioning and spatial mental transformations) and demographic variables (i.e., age, gender, and education) as predictors of fitness to drive in a sample of younger and older adult active drivers. Results showed that: (i) age negatively affects all driving measures considered in this study; (ii) measures of overall cognitive functioning significantly predicted traffic stress resilience and the ability to manage an overview of the traffic visual scene; (iii) measures of object-based spatial mental transformation significantly predicted the performance in both stress resilience and visual reaction task; (iv) significant effects of self-based spatial skills were found on stress resilience and, in interaction with the gender, on visual acquisition; and (v) the interaction between cognitive and demographic predictors mitigated in a non-significant way the effects of these predictors only on measures of stress resilience and speed reaction but not on measures of motor speed and visual acquisition.

The background research approaching individual differences in driving performance demonstrated that aging affects driving skills due to decline in sensory, cognitive, and motor functioning (e.g., Matthews et al., 1999; Mathias and Lucas, 2009; Fraade-Blanar et al., 2018; Kunishige et al., 2019; Ledger et al., 2019a). The current study supports previous findings in which gender differences were related to differences in stress vulnerability (Matthews et al., 1999) and in reaction times (Matthews et al., 1999; Der and Deary, 2006; Dykiert et al., 2012). Regarding education, previous research showed that level of education was not related to vehicle-crash involvement when compared to other variables, such as annual mileage (Lourens et al., 1999). In this study, the two age groups showed a significant difference in terms of levels of education, although in none of regression’s models did the level of education give a significant contribution in predicting the driving prerequisites, and it did not modify the contribution of age in predicting driving abilities.

In addition to demographic predictors, both overall cognitive functioning and spatial mental transformation skills proved to be influential on fitness to drive.

No significant interaction effects were found on measures of traffic stress resilience and reaction tasks; thus, the main effects models were discussed for these outcomes. A significant effect of interaction between self-based spatial mental transformation and gender was found on measures of visual acquisition and therefore the first-order’s interaction model was retained and discussed for this outcome.


Traffic Stress Resilience

Age, gender, overall cognitive functioning, and both measures of spatial mental transformation significantly predicted traffic stress resilience. Except for education, all predictors employed in this model significantly affected the performance in the task of stress resilience. In the Determination Test, psycho-physical stress and irritating feelings were elicited by using a high frequency of stimuli (DT; Schuhfried, 1998; Schuhfried, 2014). This test provided a valid measure of stress-resilience, typical of the most motivated participants (Hoyos, 1960; Kisser et al., 1986). The significant effect of age suggested that, with the increase of age, drivers became more vulnerable to traffic-stress. Furthermore, females showed better performance than male participants, maintaining an accurate pattern of response under stress conditions. This result is in line with previous findings that highlighted gender differences in favor of males in simple reaction tasks but not in complex reaction task (Dykiert et al., 2012). Matthews et al. (1999) underlined the effects of age and gender on stress susceptibility during driving performance. The authors showed that older people were more vulnerable to stress than younger people. Stress vulnerability resulted in an impairment of vehicle control. Previous research has examined the influence of the driver’s demographic characteristics on safe driving measures, using factors such as collision rates (see Langford et al., 2006). Results from the present study extended this evidence, suggesting age and gender differences in driving tasks that comprise the ensemble of prerequisites to FTD. The execution of DT captures cognitive processes underlying some driving subtasks in the real world, as in high traffic roads where multisensorial stimuli requires continuous monitoring, giving accurate and instantaneous responses. It seems that gender and age-related cognitive changes significantly affected the capability to cope with stress while driving in adults. This also suggests the usefulness of a DT test for the evaluation of driving fitness even in middle-aged drivers.

The significant effects of overall cognitive functioning, Mental Rotation, and Perspective Taking abilities on traffic stress resilience suggests some considerations. Firstly, MoCA total score was shown to be a predictive measure of resilience to traffic stress which, in turn, proved to be highly effective in predicting overall on-road driving performance (Vetter and Debelak, 2012). This result confirmed the effectiveness in performing global cognitive measures in the FTD assessment (Kwok et al., 2015). Considering the age trajectories of cognitive functioning and crash involvement they showed inverse trends: crash rates increased with the decrease of cognitive functioning.

What about this relationship during middle-age? A subtle cognitive decline is one of the markers of preclinical Alzheimer’s Disease (Sperling et al., 2011; National Institute on Aging and Alzheimer Association, NIA-AA), an asymptomatic stage of the disease in which people are classified as cognitively normal (Edmonds et al., 2015). Cognitive screening tools, sensitive in discriminating healthy subjects from those with mild cognitive impairment and dementia, need to be validated for FTD purposes. This become more important since changes in cognitive functioning and driving performance occur in middle-age people (Salthouse, 2009; Svetina, 2016). Several scholars showed that measures of mental status predicted on-road and simulated driving measures (for a review see Anstey et al., 2005). A recent study found comparable findings by using the Mini-Mental State Examination (MMSE) and by comparing simulated driving measures and overall cognitive functioning in younger and older drivers (Ledger et al., 2019a). The few studies that have investigated the relationship between MoCA score and driving measures showed inconsistent results. Kwok et al. (2015) investigated the predictive value of MoCA on real-world driving. The authors found a moderate predictive validity on driving performance (i.e., cut-off ≤ 25; sensitivity = 84.5%; specificity = 50%), concluding that MoCA cannot be used as the sole instrument for the identification of unfit drivers. Koppel et al. (2013) investigated the relationship between cognitive functioning and on-road driving behavior in older drivers by using the MoCA score and found no significant results.

Moreover, the ability to react under traffic stress condition, which involves a large amount of distinct cognitive resources, was predicted by specific measures of spatial mental transformation skills. The Determination Test assesses the ability to select appropriate response patterns in a task and to employ visual and acoustic discrimination, and measures psychomotor speed and sustained and selective attention.

Both measures of self-based and object-based spatial mental transformation significantly predicted traffic stress resilience. Although a number of scholars have underlined the key role of visuospatial abilities in fitness-to-drive (Ball and Owsley, 1993; Sommer et al., 2008; Ranchet et al., 2012; Vetter et al., 2018), measures of spatial mental transformation abilities were scarcely accounted for in these studies. Several tools were used to assess the relationship between visuo-spatial functioning and driving performance. In a meta-analysis, Mathias and Lucas (2009) recognized as the most employed tools: The Useful Field of View (UFOV, Ball et al., 1988), the Rey-Osterrieth Complex Figure Test (RCFT Copy and Recall, Rey, 1941), the Trail-Making Test (TMT part A and B; Partington and Leiter, 1949), and the Paper-Folding Test (PFT; Ekstrom et al., 1976). The Paper-Folding Test (PFT) is unique among these visuospatial tests in assessing object-based spatial mental transformation ability, showing the strongest association with measures of driving performance (Anstey et al., 2005). Measures of PFT also showed negative correlations with collision rates and a positive relationship with safe driving both in older and younger drivers (De Raedt and Ponjaert-Kristoffersen, 2000; Andrews and Westerman, 2012). Unlike the measures of object-based spatial mental transformation considered here (i.e., the mental rotation), the PFT cannot be solved by rigid rotations of the visual stimulus (Shepard and Feng, 1972; Ekstrom et al., 1976; Kozhevnikov and Hegarty, 2001). The present results were consistent with the above-mentioned findings on the role of object-based spatial manipulation ability in driving fitness, also suggesting the extension to the role of self-based spatial manipulation skills in predicting some aspects of FTD.

Previous findings demonstrated that both mental rotation and perspective-taking abilities showed a positive relationship with environmental learning. On one hand, mental rotation predicted orientation and wayfinding abilities in the real world (Malinowski, 2001; Ishikawa, 2019), on the other hand the spatial perspective-taking was considered essential for the effectiveness of environmental encoding (Kozhevnikov et al., 2006; Ruginski et al., 2019). Recently, Ruginski et al. (2019) showed that the use of a GPS negatively affects spatial learning trough the mediation of spatial mental transformation skills. Therefore, the present results suggest that both Mental Rotation and Perspective Taking abilities could prove to affect safe driving by (i) reducing hazardous maneuvers; (ii) making the drivers more confident in vehicle-control; and (iii) supporting the spatial orientation ability (Ruginski et al., 2019), especially in stressful driving situations. Finally, given that changes in spatial cognition are considered early neuropsychological markers of Alzheimer’s Disease (Boccia et al., 2019), the assessment of Mental Rotation and Perspective Taking skills could be useful in the evaluation of driving fitness and, in turn, in the car’s accident prevention.

Overall, the present findings were consistent with previous research (Matthews et al., 1999; Der and Deary, 2006; Dykiert et al., 2012) that age negatively affects a driver’s capability to cope with stressful driving circumstances. Unlike the results found by Matthews et al. (1999), female participants in this study showed greater resilience to traffic stress than males. These differences could derive from the different driving tasks and simulators employed. Moreover, these results also suggested specific contributions of measures of overall cognitive functioning, object, and self-based spatial mental manipulation skills in predicting resilience to traffic stress.



Reaction Times

Significant results were found considering the main effects of Age and Gender on Motor Reaction Times (i.e., motor speed), and the effects of Age and Mental Rotation on Visual Reaction Times (i.e., speed reaction). Overall, these results confirmed those found in previous research, highlighting gender differences in reaction times that become longer and more erratic with the increase of age (Kaber et al., 2012; Leversen et al., 2013; Dickerson et al., 2014; Svetina, 2016). The results for the main effects models were discussed separately for each outcome.


Visual Reaction Time

Significant effects were found in the main effects model on speed reaction (i.e., Visual Reaction Times; RTV) by Age and Mental Rotation abilities. The relationship between age and speed reaction times has been previously investigated, with studies mainly highlighting a slowing of response with the increase of age (Birren et al., 1962; Eckert et al., 2010; Svetina, 2016). The age-related changes in speed processing have been attributed to structural and functional decline in the prefrontal cortex (i.e., attentional related neural system; Schiavone et al., 2009), sensory cortex (Salthouse, 2000), and cerebellar gray matter (Rodrigue et al., 2005). Eckert et al. (2010) investigated the neural network of structural-based changes underlying the slower speed processing observed with age in a sample of 42 people between 19 and 79 years of age. Authors found a pattern of cerebellar gray and white matter associated uniquely to age-related decline in perceptual and motor processing performance. In the study of Andrews and Westerman (2012), older drivers showed longer reaction times in complex reaction tasks but not in simple reaction tasks. Older drivers also exhibited significantly poorer performances in tests of psychomotor speed and logical reasoning than younger drivers (Andrews and Westerman, 2012). Considering the effect of age, a similar result was found in the study of Svetina (2016) in which the relationship between age and reaction speed was found to be linear from the age of 20–80. Age-related changes in reaction times were progressive throughout the driver’s lifespan and changes in driving performance could occur before the age of 65.

Mental Rotation abilities influenced the Visual speed measures employed here. This result probably emerged because the nature of the visual reaction measure which involves (at least some of) the object-to-object representation processes underpins the execution of Mental Rotation test (i.e., spatial visualization; Kozhevnikov and Hegarty, 2001). Andrews and Westerman (2012) found that higher spatial visualization ability, measured by the Paper Folding Test (Ekstrom et al., 1976), was significantly associated with shorter headway adoption and less variable lane position by using a simulated driving task in a sample of adults. This suggested that the cognitive resources underling the execution of Mental Rotation and the Paper Folding-Test might share common spatial visualization processes (i.e., 3-D manipulation) and speed processing together with some driving visual subtasks (i.e., track the pedestrian’s movement; Anstey et al., 2005).



Motor Reaction Time

A significant effect of age and gender on motor speed was found (i.e., Motor Reaction Times; RTM). Older people and women showed longer RTM than young adults and men. Gender differences in motor coordination abilities have been well documented since childhood (Sanders and Kadam, 2001). Moreover, in the study by Dykiert et al. (2012), male participants showed shorter times in simple reaction tasks than female but not in complex reaction tasks. Tasks that require aiming at static or moving objects seemed to advantage males (Auyeung et al., 2012), while females showed better performances in tasks of fine motor dexterity (Nicholson and Kimura, 1996). In their study, Ashok et al. (2016) found shorter motor times in brake responses in males than females, partially confirming results of a previous study (Warshawsky-Livne and Shinar, 2002). These gender differences in motor response times were attributed to: (i) the presence of more muscle fibers that allow males to quickly respond (Narhare et al., 2012); (ii) differences in neural processing speed (Adam et al., 1999); and (iii) differences in nerve conduction speed due to sex-steroid (i.e., testosterone exposure marked by 2D:4D digit ratio), that allow different neurotransmitter availabilities and spike conduction (Reed et al., 2004; Namita and Shenvi, 2010). Finally, according to Hancock et al. (2002) females tend to avoid, by self-regulating, highly demanding stress situations. This makes them at-risk in sudden hazardous on-road situations.



Obtain an Overview of Traffic

In the main effects and in the first order interaction models, both age and cognitive functioning significantly predicted the ability to obtain an overview of traffic visual information. The first order interaction model also revealed a significant effect of interaction between Perspective Taking and Gender.

Results showed that an increase in age corresponds to a decrease in the ability to obtain quickly an overview, that is, the ability to quickly detect visual information from a traffic scenario (e.g., information about pedestrians, traffic signs, traffic lights, others vehicle, etc.). Moreover, in both age groups, an increase of the overall cognitive functioning saw performance increase. This result was consistent with previous findings that showed perceptual and cognitive decline in older drivers (for a review: Mathias and Lucas, 2009) and suggest that the MoCA total score easily detects cognitive domains sustaining the fitness to drive.

The effect of interaction between OPT performance and gender suggested that men were better-suited than women at self-based spatial skills in solving a visual perception task. In the study by Zacks et al. (2002), no gender differences were found in Perspective Taking abilities. According to Xistouri and Pitta-Pantazi (2006), males showed systematically higher scores than women. This result provided additional information for the assessment of driving fitness, suggesting specific gender differences in displaying abilities relevant for safe driving.

The ATAVT test is described as a measure of an individual’s visual attention, visual perception, and perceptive speed that are considered valid predictors of crash involvements (e.g., Sims et al., 1998) and accident rates (e.g., Owsley et al., 1994), especially in older drivers. For example, Vetter et al. (2018) demonstrated the high predictive value of the ATAVT test on measures of on-road-driving performance in a sample of experienced professional drivers. A recent review highlighted the detrimental effect of aging on visual perception (Woutersen et al., 2017), also showing neurophysiological evidence that older drivers are more prone to deeply process irrelevant stimuli (Hahn et al., 2013). In other studies, older drivers showed impairments in both accuracy and speed of understanding traffic signs (Stutts et al., 1998; Ben-Bassat and Shinar, 2015; Schulz et al., 2019). The reduced comprehension of traffic signs was found to be mainly associated with age-related changes in selective attention, speed perception, and semantic memory (Lesch et al., 2013; Boot et al., 2014; Toepper et al., 2014).

Overall, these results highlighted the significant effects of Age and Cognitive functioning in predicting the visual acquisition of traffic-related information, also suggesting the contribution of gender in influencing the role of self-based spatial mental transformation skills in FTD.



CONCLUSION

Taken together, the results of the present study provided a coherent framework of information highlighting the central role of age in predicting measures of fitness to drive.

Traffic stress resilience was shown to be negatively affected by age and positively affected by overall cognitive functioning, gender, and spatial skills. Reaction times were positively influenced by gender (motor reaction only) and mental rotation skills (visual reaction only), and negatively affected by age. Perceptual speed as a measure of the ability to obtain an overview was negatively affected by age and positively affected by cognitive functioning and an interaction between gender and perspective-taking skills. The assessment of these driving prerequisites in different driving groups could take into account the results presented here.

To the best of our knowledge this is the first study to assess the relationship between spatial mental transformation skills and measures of fitness to drive, providing interesting insights on the relationship between mental representations of external space and driving performance. The specific role of spatial transformation skills in predicting prerequisites for FTD beyond the individual’s general intelligence was considered.

From a practical point of view, the installation of cameras and monitors into cars is becoming increasingly frequent with the aim to aid drivers both in navigation (e.g., GPS-based devices) and in detecting visual scenarios beyond their own field of vision (Teranishi et al., 2019), facilitating complex maneuvers such as parking. These systems provide objective viewpoints of scenes that are unavailable from a subjective-egocentric point of view during driving. The use of these aids requires visualization and decoding both categorical and coordinate spatial relations from the displayed perspectives, involving both mental rotation and perspective-taking mental processes (e.g., Lopez et al., 2020). The results presented here demonstrated that these two spatial mental transformations were also involved in the execution of complex behaviors connected to driving. It is likely that interacting with navigation aid devices while driving represents a problem, among others, for the simultaneous involvement of spatial mental transformation resources used while driving and the decoding of the information provided by GPS navigation devices.

The demographic and cognitive determinants that in this study showed to predict driving measures could be considered for clinical and legal issues, such as license holding, license revision/renewal, or in identifying unsafe drivers. This information could improve the assessment of fitness to-drive, helping professionals with simple and brief standardized tools that provide a safe and affordable alternative to on-road tests.

Future developments could include several theoretical and methodological improvements. First, it would be helpful to include a larger age range (Svetina, 2016). Second, it would be challenging to study cognition together with personality and demographic variables in order to better understanding the complexity of FTD determinants (Sommer et al., 2008). Moreover, other domains could be introduced, making the predictive model more complete and in order to study potential mediation/moderation effects. For example, it would be useful to investigate the role of cognitive reserve in older adults (Stern, 2002; Caffò et al., 2016) or topographical navigation/mental representation abilities (Bocchi et al., 2019; Lopez et al., 2019) to expand the scope of the investigation of visuospatial components in fitness-to-drive issue. These improvements would further enrich the set of tools for the assessment of driving skills that professionals of mobility centers could employ for comprehensive and highly predictive cognitive screening in drivers throughout their lifetime.



DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: Open Science Framework—OSF, https://osf.io/6sjw9/. Preregistration link: https://osf.io/apsdh.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Department of Education, Psychology and Communication, University of Bari, Aldo Moro. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

All authors contributed to idea conception, data extraction and analysis, and to writing the first draft of the Manuscript, contributed to article revision and approval of the final version.



FUNDING

The present study was supported by the Project “Apulia Smart Drivers,” granted by the Apulia Region (Grant. No. B34I19000180002).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyg.2020.604762/full#supplementary-material



REFERENCES

Adam, J. J., Paas, F. G., Buekers, M. J., Wuyts, I. J., Spijkers, W. A., and Wallmeyer, P. (1999). Gender differences in choice reaction time: evidence for differential strategies. Ergonomics 42, 327–335 doi: 10.1080/001401399185685

Aksan, N., Anderson, S. W., Dawson, J., Uc, E., and Rizzo, M. (2015). Cognitive functioning differentially predicts different dimensions of older drivers’ on-road safety. Accid. Anal. Prev. 75, 236–244. doi: 10.1016/j.aap.2014.12.007

Andrews, E. C., and Westerman, S. J. (2012). Age differences in simulated driving performance: compensatory processes. Acc. Anal. Prev. 45, 660–668. doi: 10.1016/j.aap.2011.09.047

Anstey, K. J., Wood, J., Lord, S., and Walker, J. G. (2005). Cognitive, sensory and physical factors enabling driving safety in older adults. Clin. Psychol. Rev. 25, 45–65. doi: 10.1016/j.cpr.2004.07.008

Ashok, J., Suganthi, V., and Vijayalakshmi, I. (2016). Comparison of brake reaction time in younger and older drivers. Int. J. Res. Med. Sci. 4, 649–652. doi: 10.18203/2320-6012.ijrms20160332

Auyeung, B., Knickmeyer, R., Ashwin, E., Taylor, K., Hackett, G., and Baron-Cohen, S. (2012). Effects of fetal testosterone on visuospatial ability. Arch. Sex. Behav. 41, 571–581. doi: 10.1007/s10508-011-9864-8

Ball, K., and Owsley, C. (1993). The useful field of view test: a new technique for evaluating age-related declines in visual function. J. Am. Optom. Assoc. 64, 71–79.

Ball, K. K., Beard, B. L., Roenker, D. L., Miller, R. L., and Griggs, D. S. (1988). Age and visual search: expanding the useful field of view. J. Opt. Soc. Am. Assoc. 5, 2210–2219. doi: 10.1364/josaa.5.002210

Ben-Bassat, T., and Shinar, D. (2015). The effect of context and drivers’age on highway traffic signs comprehension. Transp. Res. Part F 33, 117–127. doi: 10.1016/j.trf.2015.07.009

Birren, J. E., Riegel, K. F., and Morrison, D. F. (1962). Age differences in response speed as a function of controlled variations of stimulus conditions: evidence of a general speed factor. Gerontologia 6, 1–8. doi: 10.1159/000211102

Bocchi, A., Palmiero, M., Nori, R., Verde, P., and Piccardi, L. (2019). Does spatial cognitive style affect how navigational strategy is planned? Exp. Brain Res. 237, 2523–2533. doi: 10.1007/s00221-019-05609-9

Boccia, M., Di Vita, A., Diana, S., Margiotta, R., Imbriano, L., Rendace, L., et al. (2019). Is losing one’s way a sign of cognitive decay? Topographical memory deficit as an early marker of pathological aging. J. Alzheimer’s Dis. 68, 679–693. doi: 10.3233/JAD-180890

Boot, W. R., Stothart, C., and Charness, N. (2014). Improving the safety of aging road users: a mini-review. Gerontology 60, 90–96. doi: 10.1159/000354212

Bosco, A., Caffò, A. O., Spano, G., and Lopez, A. (2020). “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), 395–410.

Bosco, A., Spano, G., Caffò, A. O., Lopez, A., Grattagliano, I., Saracino, G., et al. (2017). 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. 29, 1113–1120. doi: 10.1007/s40520-017-0727-6

Brooks, N., and Hawley, C. A. (2005). Return to driving after traumatic brain injury: a British perspective. Brain Inj. 19, 165–175. doi: 10.1080/02699050410001720004

Butters, J., Mann, R. E., Wickens, C. M., and Boase, P. (2012). Gender differences and demographic influences in perceived concern for driver safety and support for impaired driving countermeasures. J. Saf. Res. 43, 405–411. doi: 10.1016/j.jsr.2012.10.001

Caffò, A. O., Lopez, A., Spano, G., Saracino, G., Stasolla, F., Ciriello, G., et al. (2016). The role of pre-morbid intelligence and cognitive reserve in predicting cognitive efficiency in a sample of Italian elderly. Aging Clin. Exp. Res. 28, 1203–1210. doi: 10.1007/s40520-016-0580-z

Caffò, A. O., Tinella, L., Lopez, A., Spano, G., Massaro, Y., Lisi, A., et al. (2020). The drives for driving simulation: a scientometric analysis and a selective review of reviews on simulated driving research. Front. Psychol. 11:917. doi: 10.3389/fpsyg.2020.00917

Carroll, J. B. (1993). Human Cognitive Abilities: A Survey of Factor-Analytic Studies. Cambridge: Cambridge University Press.

Castellucci, H. I., Bravo, G., Arezes, P. M., and Lavallière, M. (2020). Are interventions effective at improving driving in older drivers?: A systematic review. BMC Geriatr. 20:125. doi: 10.1186/s12877-020-01512-z

Cestac, J., Paran, F., and Delhomme, P. (2011). 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. 49, 424–432. doi: 10.1016/j.ssci.2010.10.007

Cordellieri, P., Baralla, F., Ferlazzo, F., Sgalla, R., Piccardi, L., and Giannini, A. M. (2016). Gender effects in young road users on road safety attitudes, behaviors and risk perception. Front. Psychol. 7:1412. doi: 10.3389/fpsyg.2016.01412

Crizzle, A. M., Classen, S., and Uc, E. Y. (2012). Parkinson disease and driving: an evidence-based review. Neurology 79, 2067–2074. doi: 10.1212/WNL0b013e3182749e95

De Raedt, R., and Ponjaert-Kristoffersen, I. (2000). Can strategic and tactical compensation reduce crash risk in older drivers? Age Age. 19, 517–521. doi: 10.1093/ageing/29.6.517

de Winter, J. C. F., De Groot, S., Mulder, M., Wieringa, P. A., Dankelman, J., and Mulder, J. A. (2009). Relationships between driving simulator performance and driving test results. Ergonomics 52, 137–153. doi: 10.1080/00140130802 277521

Der, G., and Deary, I. J. (2006). Age and sex differences in reaction time in adulthood: results from the United Kingdom health and lifestyle survey. Psychol. Aging 21, 62–73. doi: 10.1037/0882-7974.21.1.62

Dickerson, A. E., Meuel, D. B., Ridenour, C. D., and Cooper, K. (2014). Assessment tools predicting fitness to drive in older adults: a systematic review. Am. J. Occup. Ther. 68, 670–680. doi: 10.5014/ajot.2014.011833

Dickerson, A. E., Reistetter, T., Davis, E. S., and Monahan, M. (2011). Evaluating driving as a valued instrumental activity of daily living. Am. J. Occup. Ther. 65, 64–75. doi: 10.5014/ajot.2011.09052

Dykiert, D., Der, G., Starr, J. M., and Deary, I. J. (2012). Sex differences in reaction time mean and intraindividual variability across the life span. Dev. Psychol. 48:1262. doi: 10.1037/a0027550

Eboli, L., and Forciniti, C. (2020). The severity of traffic crashes in Italy: an explorative analysis among different driving circumstances. Sustainability 12:856. doi: 10.3390/su12030856

Eckert, M. A., Keren, N. I., Roberts, D. R., Calhoun, V. D., and Harris, K. C. (2010). Age-related changes in processing speed: unique contributions of cerebellar and prefrontal cortex. Front. Hum. Neurosci. 4:10. doi: 10.3389/neuro.09.010.2010

Edmonds, E. C., Delano-Wood, L., Galasko, D. R., Salmon, D. P., and Bondi, M. W. (2015). Subtle cognitive decline and biomarker staging in preclinical Alzheimer’s disease. J. Alzheimer’s Dis. 47, 231–242. doi: 10.3233/jad-150128

Ekstrom, R., French, J., Harman, H., and Dermen, D. (1976). Manual for Kit of Factor-Referenced Cognitive Tests. Princeton, NJ: Educational Testing Service.

Elander, J., West, R., and French, D. (1993). Behavioral correlates of individual differences in road-traffic crash risk: an examination of methods and findings. Psychol. Bull. 113, 279–294. doi: 10.1037/0033-2909.113.2.279

Evans, L. (1991). Traffic Safety and the Driver. Norwell, MA: Science Serving Society.

Evans, L. (1996). The dominant role of driver behavior in traffic safety. Am. J. Public Health 86, 784–786. doi: 10.2105/ajph.86.6.784

Faul, F., Erdfelder, E., Buchner, A., and Lang, A. G. (2009). Statistical power analyses using G∗ Power 3.1: tests for correlation and regression analyses. Behav. Res. Methods 41, 1149–1160. doi: 10.3758/brm.41.4.1149

Fox, G. K., Bowden, S. C., and Smith, D. S. (1998). On-road assessment of driving competence after brain impairment: review of current practice and recommendations for a standardised examination. Arch. Phys. Med. Rehab. 79, 1288–1296. doi: 10.1016/s0003-9993(98)90277-5

Fraade-Blanar, L. A., Ebel, B. E., Larson, E. B., Sears, J. M., Thompson, H. J., Chan, K. C. G., et al. (2018). Cognitive decline and older driver crash risk. J. Am. Geriatr. Soc. 66, 1075–1081. doi: 10.1111/jgs.15378

Galski, T., Bruno, R. L., and Ehle, H. T. (1992). Driving after cerebral damage: a model with implications for evaluation. Am. J. Occup. Ther. 46, 324–332. doi: 10.5014/ajot.46.4.324

Galski, T., Ehle, H. T., McDonald, M. A., and Mackevich, J. (2000). Evaluating fitness to drive after cerebral injury: basic issues and recommendations for medical and legal communities. J. Head Trauma Rehab. 15, 895–908. doi: 10.1097/00001199-200006000-00004

Getzmann, S., Arnau, S., Karthaus, M., Reiser, J. E., and Wascher, E. (2018). Age-related differences in pro-active driving behavior revealed by EEG measures. Front. Hum. Neurosci. 12:321. doi: 10.3389/fnhum.2018.00321

Golledge, R. G. (ed.) (1999). Wayfinding Behavior: Cognitive Mapping, and Other Spatial Processes. Baltimore, MA: JHU press.

Groeger, J. A. (2000). Understanding Driving: Applying Cognitive Psychology to a Complex Everyday Task. East Sussex: Psychology Press.

Hagen, R. E. (1975). Sex differences in driving performance. Hum. Fact. 17, 165–171. doi: 10.1177/001872087501700207

Hahn, M., Wild-Wall, N., and Falkenstein, M. (2013). “Age-related changes of neural control processes and their significance for driving performance,” in Age-Differentiated Work Systems, eds C. M. Schlick, E. Frieling, and J. Wegge (Berlin: Springer), 299–317. doi: 10.1007/978-3-642-35057-3_13

Hancock, P. A., Kane, M. J., Scallen, S., and Albinson, C. B. (2002). Effects of gender and athletic participation on driving capability. Int. J. Occup. Saf. Ergon. 8, 281–292. doi: 10.1080/10803548.2002.11076529

Hegarty, M., and Waller, D. (2004). A dissociation between mental rotation and perspective-taking spatial abilities. Intelligence 32, 175–191. doi: 10.1016/j.intell.2003.12.001

Hemenway, D., and Solnick, S. J. (1993). Fuzzy dice, dream cars, and indecent gestures: correlates of driver behavior? Acc. Anal. Prev. 25, 161–170. doi: 10.1016/0001-4575(93)90056-3

Hoyos, C. (1960). Die psychophysische Belastbarkeit als diagnostische Kategorie der Kraftfahrtauglichkeit. Zeitschrift Exp. Angewandte Psychol. 7, 226–243.

Ishikawa, T. (2019). Satellite navigation and geospatial awareness: long-term effects of using navigation tools on wayfinding and spatial orientation. Prof. Geogr. 71, 197–209. doi: 10.1080/00330124.2018.1479970

Istat (2019). Rilevazione Degli Incidenti Stradali Con Lesioni a Persone—Periodo di Riferimento: Anno 2018. Rome: Istat.

Jiménez-Mejías, E., Prieto, C. A., Martínez-Ruiz, V., del Castillo, J. D. D. L., Lardelli-Claret, P., and Jiménez-Moleón, J. J. (2014). Gender-related differences in distances travelled, driving behaviour and traffic accidents among university students. Transp. Res. Part F Traffic. Psychol. Behav. 27, 81–89. doi: 10.1016/j.trf.2014.09.008

Kaber, D., Zhang, Y., Jin, S., Mosaly, P., and Garner, M. (2012). Effects of hazard exposure and roadway complexity on young and older driver situation awareness and performance. Transp. Res. Part F. 15, 600–611. doi: 10.1016/j.trf.2012.06.002

Karner, T., and Neuwirth, W. (2000). “Validation of traffic psychology tests by comparing with actual driving,” in Proceedings of the International Conference on Traffic and Transport Psychology, Bern.

Kisser, R., Krafack, A., and Vaughahn, C. (1986). “Determinationsgeräte,” in Handbuch Apparativer Verfahren in der Psychologie, ed. R. Brickenkamp (Göttingen: Hogrefe), 225–249.

Koppel, S., Charlton, J., Langford, J., Vlahodimitrakou, Z., Di Stefano, M., Macdonald, W., et al. (2013). The Relationship between older drivers’ performance on the Driving Observation Schedule (eDOS) and cognitive performance. Ann. Adv. Automot. Med. 57:67.

Kozhevnikov, M., and Hegarty, M. (2001). A dissociation between object manipulation spatial ability and spatial orientation ability. Mem. Cogn. 29, 745–756. doi: 10.3758/bf03200477

Kozhevnikov, M., Motes, M. A., Rasch, B., and Blajenkova, O. (2006). Perspective-taking vs. mental rotation transformations and how they predict spatial navigation performance. Appl. Cogn. Psychol. 20, 397–417. doi: 10.1002/acp.1192

Kristöffl, G., and Nechtelberger, F. (2001). Validierung einer verkehrspsychologischen Testbatterie unter Beruecksichtigung von Explorationsdaten-Zusammenfassung einer Validierungsstudie im Ueberblick (Unveroeffentlichte Diplomarbeit). Psychol. Österreich 21, 175–181.

Kubinger, K. D. (1995). Einführung in die Psychologische Diagnostik. Weinheim: Psychologie Verlags Union.

Kunishige, M., Fukuda, H., Iida, T., Kawabata, N., Ishizuki, C., and MIyaguchi, H. (2019). Spatial navigation ability and gaze switching in older drivers: a driving simulator study. Hong Kong J. Occup. Ther. 32, 22–31. doi: 10.1177/1569186118823872

Kwok, J. C. W., Gélinas, I., Benoit, D., and Chilingaryan, G. (2015). Predictive validity of the Montreal Cognitive Assessment (MoCA) as a screening tool for on-road driving performance. Br. J. Occup. Ther. 78, 100–108. doi: 10.1177/0308022614562399

Langford, J., Methorst, R., and Hakamies-Blomqvist, L. (2006). Older drivers do not have a high crash risk—a replication of low mileage bias. Accid. Anal. Prev. 38, 574–578. doi: 10.1016/j.aap.2005.12.002

Ledger, S., Bennett, J. M., Chekaluk, E., and Batchelor, J. (2019a). Cognitive function and driving: important for young and old alike. Transp. Res. Part F 60, 262–273. doi: 10.1016/j.trf.2018.10.024

Ledger, S., Bennett, J. M., Chekaluk, E., Batchelor, J., and Di Meco, A. (2019b). Cognitive function and driving in middle adulthood: does age matter? Transp. Res. Part F 66, 471–484. doi: 10.1016/j.trf.2019.10.002

Lee, H., Falkmer, T., Rosenwax, L., Cordell, R., Granger, A., Vieira, B., et al. (2007). Validity of driving simulator in assessing drivers with Parkinson’s disease. Adv. Transp. Stud. 1, 81–90.

Lee, H. C., Cameron, D., and Lee, A. H. (2003). Assessing the driving performance of older adult drivers: on-road versus simulated driving. Accid. Anal. Prev. 35, 797–803. doi: 10.1016/s0001-4575(02)00083-0

Lee, J. D. (2008). Fifty years of driving safety research. Hum. Fact. 50, 521–528. doi: 10.1518/001872008X288376

Lesch, M. F., Powell, W. R., Horrey, W. J., and Wogalter, M. S. (2013). The use of contextual cues to improve warning symbol comprehension: making the connection for older adults. Ergonomics 56, 1264–1279. doi: 10.1080/00140139.2013.802019

Leversen, J. S. R., Hopkins, B., and Sigmundsson, H. (2013). Ageing and driving: examining the effects of visual processing demands. Transp. Res. Part F 17, 1–4. doi: 10.1016/j.trf.2012.11.003

Lopez, A., Caffò, A. O., and Bosco, A. (2019). Memory for familiar locations: the impact of age, education and cognitive efficiency on two neuropsychological allocentric tasks. Assessment 27, 1588–1603. doi: 10.1177/1073191119831780

Lopez, A., Postma, A., and Bosco, A. (2020). Categorical & coordinate spatial information: can they be disentangled in sketch maps? J. Environ. Psychol. 68:101392.

Lourens, P. F., Vissers, J. A., and Jessurun, M. (1999). Annual mileage, driving violations, and accident involvement in relation to drivers’ sex, age, and level of education. Accid. Anal. Prev. 31, 593–597. doi: 10.1016/s0001-4575(99)00015-9

Lu, J. J., and Pernía, J. C. (2000). The differences of driving behavior among different driver age groups at signalized intersections. IATSS Res. 24, 75–84. doi: 10.1016/S0386-1112(14)60031-5

Malinowski, J. C. (2001). Mental rotation and real-world wayfinding. Percept. Motor Skills 92, 19–30. doi: 10.2466/pms.2001.92.1.19

Mathias, J. L., and Lucas, L. K. (2009). Cognitive predictors of unsafe driving in older drivers: a meta-analysis. Int. Psychogeriatr. 21:637. doi: 10.1017/S1041610209009119

Matthews, G., Joyner, L. A., and Newman, R. (1999). “Age and gender differences in stress responses during simulated driving,” in Proceedings of the Human Factors and Ergonomics Society Annual Meeting, Vol. 43, (Los Angeles, CA: SAGE Publications), 1007–1011. doi: 10.1177/154193129904301802

McKenna, P., Jefferies, L., Dobson, A., and Frude, N. (2004). The use of a cognitive battery to predict who will fail an on-road driving test. Br. J. Clin. Psychol. 43, 325–336. doi: 10.1348/0144665031752952

Michon, J. A. (1979). Dealing with Danger. Summary Report of a Workshop in the Traffic Research Centre. State University Groningen: Groningen.

Muffato, V., Toffalini, E., Meneghetti, C., Carbone, E., and De Beni, R. (2017). Individual visuo-spatial factors and familiar environment knowledge: a structural equation modeling analysis. Pers. Indiv. Differ. 113, 96–102. doi: 10.1016/j.paid.2017.03.023

Murray, B. J. (2017). Subjective and objective assessment of hypersomnolence. Sleep. Med. Clin. 12, 313–322. doi: 10.1016/j.jsmc.2017.03.007

Namita, D. P. R., and Shenvi, D. N. (2010). A comparative study of auditory and visual reaction time in males and females staff during shift duty in the hospital. Biomed. Res. 21, 199–203.

Narhare, P. M., Chaitra, B., and Maitri, V. (2012). A comparative study of choice reaction time in young males and females. Natl. J. Integr. Res. Med. 3, 84–88.

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., Whitehead, V., Collin, I., et al. (2005). The Montreal Cognitive Assessment, MoCA: a brief screening tool for mild cognitive impairment. J. Am. Geriatr. Soc. 53, 695–699. doi: 10.1111/j.1532-5415.2005.53221.x

Nicholson, K. G., and Kimura, D. (1996). Sex differences for speech and manual skill. Percept. Mot. Skills. 82, 3–13. doi: 10.2466/pms.1996.82.1.3

Nori, R., Palmiero, M., Bocchi, A., Giannini, A. M., and Piccardi, L. (2020). The specific role of spatial orientation skills in predicting driving behaviour. Transp. Res. Part F 71, 259–271. doi: 10.1016/j.trf.2020.04.009

Oltedal, S., and Rundmo, T. (2006). The effects of personality and gender on risky driving behaviour and accident involvement. Saf. Sci. 44, 621–628. doi: 10.1016/j.ssci.2005.12.003

Oster, C. V. Jr., and Strong, J. S. (2013). Analyzing road safety in the United States. Res. Transp. Econ. 43, 98–111. doi: 10.1016/j.retrec.2012.12.005

Overton, T. L., Rives, T. E., Hecht, C., Shafi, S., and Gandhi, R. R. (2015). Distracted driving: prevalence, problems, and prevention. Int. J. Inj. Contr. Saf. Promot. 22, 187–192. doi: 10.1080/17457300.2013.879482

Owsley, C., Ball, K., Sloane, M. E., Overley, E. T., and White, M. F. (1994). Predicting vehicle crashes in the elderly: who is at risk. Gerontologist 34:61.

Palmiero, M., Piccardi, L., Boccia, M., Baralla, F., Cordellieri, P., Sgalla, R., et al. (2019). Neural correlates of simulated driving while performing a secondary task: a review. Front. Psychol. 10:1045. doi: 10.3389/fpsyg.2019.01045

Parker, D., West, R., Stradling, S. G., and Manstead, A. S. R. (1995). Behavioural traits and road traffic accident involvement. Accid. Anal. Prev. 27, 571–581. doi: 10.1016/0001-4575(95)00005-k

Partington, J. E., and Leiter, R. G. (1949). Partington’s pathways test. Psychol. Serv. Center J. 1, 11–20.

Petridou, E., and Moustaki, M. (2000). Human factors in the causation of road traffic crashes. Eur. J. Epidemiol. 16, 819–826.

Pharo, H., Sim, C., Graham, M., Gross, J., and Hayne, H. (2011). Risky business: executive function, personality, and reckless behavior during adolescence and emerging adulthood. Behav. Neurosci. 125:970. doi: 10.1037/a0025768

Prendergast, M. (2012). “GLS initiatives in NSW,” Paper presented to the Staysafe Committee. Available online at: https://slideplayer.com/slide/9703548/

Ranchet, M., Broussolle, E., Poisson, A., and Paire-Ficout, L. (2012). Relationships between cognitive functions and driving behavior in Parkinson’s disease. Eur. Neurol. 68, 98–107. doi: 10.1159/000338264

Reed, T. E., Vernon, P. A., and Johnson, A. M. (2004). Sex differences in brain nerve conduction velocity in normal humans. Neuropsychologia 42, 1709–1714. doi: 10.1016/j.neuropsychologia.2004.02.016

Reger, M. A., Welsh, R. K., Watson, G., Cholerton, B., Baker, L. D., and Craft, S. (2004). The relationship between neuropsychological functioning and driving ability in dementia: a meta-analysis. Neuropsychology 18:85. doi: 10.1037/0894-4105.18.1.85

Rey, A. (1941). L’examen psychologique dans les cas d’encephalopathie traumatique. Arch. Psychol. 28, 286–340.

Rhodes, N., and Pivik, K. (2011). Age and gender differences in risky driving: the roles of positive affect and risk perception. Accid. Anal. Prev. 43, 923–931. doi: 10.1016/j.aap.2010.11.015

Road Safety Canada Consulting (2011). Road Safety in Canada. Document. Available online at: http://www.gov.pe.ca/photos/original/FitnessToDrive.pdf (accessed December 12, 2013).

Rodrigue, K. M., Kennedy, K. M., and Raz, N. (2005). Aging and longitudinal change in perceptual-motor skill acquisition in healthy adults. J. Gerontol. B. Psychol. Sci. Soc. Sci. 60, 174–181.

Rosseel, Y. (2011). Lavan: A R Package for Structural Equation Modelling and More. Available online at: http://users.ugent.be/~{}yrosseel/lavaan/lavaanIntroduction.pdf (accessed on 11 July 2011)

Ruginski, I. T., Creem-Regehr, S. H., Stefanucci, J. K., and Cashdan, E. (2019). GPS use negatively affects environmental learning through spatial transformation abilities. J. Environ. Psychol. 64, 12–20. doi: 10.1016/j.jenvp.2019.05.001

Salthouse, T. A. (2000). Aging and measures of processing speed. Biol. Psychol. 54, 35–54. doi: 10.1016/s0301-0511(00)00052-1

Salthouse, T. A. (2009). When does age-related cognitive decline begin? Neurobiol. Aging 30, 507–514. doi: 10.1016/j.neurobiolaging.2008.09.023

Sanders, G., and Kadam, A. (2001). Prepubescent children show the adult relationship between dermatoglyphic asymmetry and performance on sexually dimorphic tasks. Cortex 37, 91–100. doi: 10.1016/s0010-9452(08)70560-4

Schiavone, F., Charlton, R. A., Barrick, T. R., Morris, R. G., and Markus, H. S. (2009). Imaging age-related cognitive decline: a comparison of diffusion tensor and magnetization transfer MRI. J. Magn. Reson. Imaging 29, 23–30. doi: 10.1002/jmri.21572

Schuhfried, G. (1998). Manual Determination Test (DT). Mödling: Schuhfried GmbH.

Schuhfried, G. (2014). Determinationstest (DT) [Software Version 34.1.000011]. Mödling: Schuhfried.

Schuhfried, G., and Prieler, J. (1997). Manual Reaction Test (RT). Modling: Schuhfried GmbH.

Schuhfried GmbH (2016). Manual: Fitness to Drive Screening. Test Label DRIVESC. Version 03-Revision 1.

Schulz, P., Labudda, K., Bertke, V., Bellgardt, S., Boedeker, S., Spannhorst, S., et al. (2019). Age Effects on Traffic Sign Comprehension. Amstredam: Elsevier.

Selya, A. S., Rose, J. S., Dierker, L. C., Hedeker, D., and Mermelstein, R. J. (2012). A practical guide to calculating Cohen’s f2, a measure of local effect size, from PROC MIXED. Front. Psychol. 3:111. doi: 10.3389/fpsyg.2012.00111

Shepard, R. N., and Feng, C. (1972). A chronometric study of mental paper folding. Cogn. Psychol. 3, 228–243. doi: 10.1016/0010-0285(72)90005-9

Shepard, R. N., and Metzler, J. (1971). Mental rotation of three-dimensional objects. Science 171, 701–703. doi: 10.1126/science.171.3972.701

Shinar, D., Schechtman, E., and Compton, R. (2001). Self-reports of safe driving behaviors in relationship to sex, age, education and income in the US adult driving population. Accid. Anal. Prev. 33, 111–116. doi: 10.1016/S0001-4575(00)00021-X

Simon, F., and Corbett, C. (1996). Road traffic offending, stress, age, and accident history among male and female drivers. Ergonomics 39, 757–780. doi: 10.1080/00140139608964497

Sims, R. V., Owsley, C., Allman, R. M., Ball, K., and Smoot, T. M. (1998). A preliminary assessment of the medical and functional factors associated with vehicle crashes by older adults. J. Am. Geriatr. Soc. 46, 556–561. doi: 10.1111/j.1532-5415.1998.tb01070.x

Sommer, M., Herle, M., Häusler, J., Risser, R., Schützhofer, B., and Chaloupka, C. (2008). Cognitive and personality determinants of fitness to drive. Transp. Res. Part F 11, 362–375. doi: 10.1016/j.trf.2008.03.001

Sperling, R. A., Aisen, P. S., Beckett, L. A., Bennett, D. A., Craft, S., Fagan, A. M., et al. (2011). Toward defining the preclinical stages of Alzheimer’s disease: recommendations from the National Institute on Aging-Alzheimer’s Association workgroups on diagnostic guidelines for Alzheimer’s disease. Alzheimers Dement. 7, 280–292. doi: 10.1016/j.jalz.2011.03.003

Stern, Y. (2002). What is cognitive reserve? Theory and research application of the reserve concept. J. Int. Neuropsychol. Soc. 8, 448–460. doi: 10.1017/s1355617702813248

Stutts, J. C., Stewart, J. R., and Martell, C. (1998). Cognitive test performance and crash risk in an older driver population. Acc. Anal. Prev. 30, 337–346. doi: 10.1016/s0001-4575(97)00108-5

Svetina, M. (2016). The reaction times of drivers aged 20 to 80 during a divided attention driving. Traffic Inj. Prev. 17, 810–814. doi: 10.1080/15389588.2016.1157590

Tabachnick, B. G., and Fidell, L. S. (2019). Using Multivariate Statistics, 7th Edn. Northridge: California State University.

Taylor, R. G., Dorn, L., Glendon, A. I., and Davies, D. R. (1991). “Age and sex differences in driving performance: some preliminary findings from the Aston Driving Simulator. in Behavioural Research in Road Safety,” in Proceedings of a Seminar Held at Nottingham University, Washington, DC, 26–27.

Teranishi, K., Ohtsubo, T., Nakamura, S., Matsuba, Y., and Nakanishi, M. (2019). Effects of different visual-support viewpoints upon behavior and cognition in spatial mobility. Trans. Soc. Auto. Eng. Jpn. 50, 883–890. doi: 10.11351/jsaeronbun.50.883

Toepper, M., Steuwe, C., Beblo, T., Bauer, E., Boedeker, S., Thomas, C., et al. (2014). Deficient symbol processing in Alzheimer disease. Alzheimer Dis. Assoc. Disord. 28, 340–346. doi: 10.1097/wad.0000000000000035

Treat, J. R., Tumbus, N. S., McDonald, S. T., Shinar, D., Hume, R. D., Mayer, R. E., et al. (1979). “Tri-level Study of the causes of traffic accidents: final report, vol. 1: causal factor tabulations and assessments. institute for research in public safety, indiana university. cited by: Dingus, T.A., Jahns, S.K., Horowitz, A.D., Knipling, R., 1998. Human factors design issues for crash avoidance systems,” in Human Factors in Intelligent Transportation Systems, eds W. Barfield and T. A. Dingus (Mahwah, NJ: Lawrence Erlbaum Associates).

Uc, E. Y., Rizzo, M., Anderson, S. W., Sparks, J., Rodnitzky, R. L., and Dawson, J. D. (2006b). Impaired visual search in drivers with Parkinson’s disease. Ann. Neurol. 60, 407–413. doi: 10.1002/ana.20958

Vandenberg, S. G., and Kuse, A. R. (1978). Mental rotations, a group test of three-dimensional spatial visualization. Percept. Mot. Skills. 47, 599–604. doi: 10.2466/pms.1978.47.2.599

Vernon, M. S. (1995). “Accidents in the elderly population,” in Care of the Elderly: Clinical Aspects of Aging, ed. W. Reichel (Philadelphia, PA: Williams & Wilkins).

Vetter, M., and Debelak, R. (2012). “Developing and evaluating a unitary model for predicting the fitness to drive,” in Proceeding of the 30th International Congress of Psychology (ICP) Psychology Serving Humanity, Cape Town.

Vetter, M., Schünemann, A. L., Brieber, D., Debelak, R., Gatscha, M., Grünsteidel, F., et al. (2018). Cognitive and personality determinants of safe driving performance in professional drivers. Transp. Res. Part F 52, 191–201. doi: 10.1016/j.trf.2017.11.008

Warshawsky-Livne, L., and Shinar, D. (2002). Effects of uncertainty, transmission type, driver age and gender on brake reaction and movement time. J. Saf. Res. 33, 117–128. doi: 10.1016/s0022-4375(02)00006-3

Whelihan, W. M., DiCarlo, M. A., and Paul, R. H. (2005). The relationship of neuropsychological functioning to driving competence in older persons with early cognitive decline. Arch. Clin. Neuropsychol. 20, 217–228. doi: 10.1016/j.acn.2004.07.002

Whissell, R. W., and Bigelow, B. J. (2003). The speeding attitude scale and the role of sensation seeking in profiling young drivers at risk. Risk Anal. 23, 811–820. doi: 10.1111/1539-6924.00358

Williams, A. F., and Shabanova, V. I. (2003). Responsibility of drivers, by age and gender, for motor-vehicle crash deaths. J. Saf. Res. 34, 527–531. doi: 10.1016/j.jsr.2003.03.001

Wolbers, T., and Hegarty, M. (2010). What determines our navigational abilities? Trends Cogn. Sci. 14, 138–146. doi: 10.1016/j.tics.2010.01.001

Wolbers, T., and Wiener, J. M. (2014). Challenges for identifying the neural mechanisms that support spatial navigation: the impact of spatial scale. Front. Hum. Neurosci. 8:571. doi: 10.3389/fnhum.2014.00571

Woutersen, K., Guadron, L., van den Berg, A. V., Boonstra, F. N., Theelen, T., and Goossens, J. (2017). A meta-analysis of perceptual and cognitive functions involved in useful-field-of-view test performance. J. Vis. 17, 11. doi: 10.1167/17.14.11

Xistouri, X., and Pitta-Pantazi, D. (2006). “Spatial rotation and perspective taking abilities in relation to performance in reflective symmetry tasks,” in Proceedings of the 30th Conference of the International Group for the Psychology of Mathematics Education, Prague, 425–432.

Zacks, J. M., Mires, J., Tversky, B., and Hazeltine, E. (2002). Mental spatial transformations of objects and perspective. Spat. Cogn. Comput. 2, 315–332.

Zicat, E., Bennett, J. M., Chekaluk, E., and Batchelor, J. (2018). Cognitive function and young drivers: the relationship between driving, attitudes, personality and cognition. Transp. Res. Part F 55, 341–352. doi: 10.1016/j.trf.2018.03.013


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Tinella, Lopez, Caffò, Grattagliano and Bosco. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpsyg-11-604762-t002.jpg
p

Main effects

Std.Err.

Models’ comparison-determination test (DT)

AGE
GENDER
EDUCATION
MoCA

PT

MRT

AGE*MOCA
AGE*PT

AGE*MRT
EDUCATION*MOCA
EDUCATION*PT
EDUCATION*MRT
GENDER*MOCA
GENDER*PT
GENDER*MRT
AdjR?
AAdjR?
F(sig)

—0.782
—0.242
—0.446
0.884
—0.120
0.205

0.475
0.0001
0.990

0.111
0.100
0.314
0.354
0.036
0.101

—7.016
—2.409
—-1.419
2.494
-3.312
2.022

p-value

< 0.001
< 0.050

0.157
< 0.050
< 0.005
< 0.050

—0.736
—0.189
-0.219
0.893
—0.108
0.203
0.142
—0.040
0.147
1.161
—0.055
0.307
0.092
—0.016
0.063
0.475

Main + first order interaction effects

Std.Err.

0.114
0.106
0.347
0.398
0.037
0.108
0.393
0.041
0.117
1.194
0.117
0.363
0.404
0.038
0.108

—6.445
—-1.771
—0.631
2.243
—2.273
1.873
0.362
—0.979
1.256
0.973
—0.474
0.845
0.229
-0.418
0.590

p-value

< 0.001
0.078
0.528

< 0.050

< 0.005
0.062
0.718
0.329
0.210
0.332
0.635
0.399
0.819
0.676
0.555





OPS/images/fpsyg-11-604762-t001.jpg
AGE GEN EDU LICYR DRIF MOCA MRT OPT DT RTM RTV ATAVT M SD Chronbach’s «

AGE — 37.7 171 —
GEN 0.05 — = — —
EDU —0.38"* —0.01 — 12.3 2.1 —
LICYR 0.95™ 009 027 — 17.3 15.8 =
DRIF 0.21* 010 -0.07 0.19 - 3 2 =
MOCA  —-0.24** 0.00 0.09 -0.23" -0.11 - 25.0 2.8 0.56
MRT —0.40™* 027 0.15 -0.39" -0.07 0.34™  — 18.4 9.4 0.89
OPT 0.41** -0.18 -0.20* 0.39™ 0.02 041" 054" — 741 55.0 0.83
DT —0.64"* —-0.04 0.20" -0.61"* —0.09 0.38™*  0.44* —0.50" — 66.0 241 0.96
RTM —-0.39™* 045 0.12 -0.35" 0.00 0.18 0.35"* —0.32 0.30™ - 48.9 25.6 0.97
RTV -0.327* 0.19* 0.11  -0.32"* 0.00 0.18 0.30"* -0.18 0377 0.2  — 53.0 27.2 0.91
ATAVT  —0.45"* 0.03 0.15  -0.48" 0.00 0377 0.33"* -0.39"* 0.48™ 0.27** 0.32" — 51.5 28.0 0.62

Mean (M) and Standard Deviation (SD) for each variable. Median (Mdn) and Inter-quartile Range (IQR) are reported for the ordinal variable (DRIF); reliability coefficients are
reported. *p < 0.01, **p < 0.001.AGE, age in years; GENDER, gender of participants; EDU, years of education, LICYR, years of driving license; DRIF, driving frequency;
MOCA, MoCA corrected score; MRT, Mental Rotation Test score; PT, Perspective Taking Test score; DT, Schuhfried Vienna “Determination Test” score; RTM, Schuhfried
Vienna “Motor Reaction Times” (msec.); RTV, Schuhfried Vienna “Visual Reaction Times” (msec.); ATAVT, Schuhfried Vienna “Obtaining an Overview” score.





OPS/images/fpsyg-11-604762-t004.jpg
Main effects

p

Std.Err.

Models’ comparison-motor reaction time (RTM)

AGE

GENDER
EDUCATION
MOCA

PT

MRT

AGE*MOCA
AGE*PT

AGE*MRT
EDUCATION*MOCA
EDUCATION*PT
EDUCATION*MRT
GENDER*MOCA
GENDER*PT
GENDER*MRT
AdjR?
AAdjR?
F(sig)

—0.603
0.875
—0.244
0.436
—0.052
0.133

0.325
0.024
1.730

0.152
0.138
0.430
0.485
0.049
0.138

—3.949
6.336
—0.568
0.898
—1.056
0.959

p-value

< 0.001
< 0.001
0.570
0.370
0.292
0.338

Main + first order interaction effects

—5.994
0.897
—0.198
0.446
—0.044
0.220
0.642
—0.060
0.137
2.423
0.061
0.365
0.106
—0.033
—0.285
0.349

Std.Err.

0.153
0.144
0.467
0.535
0.051
0.145
0.529
0.055
0.158
1.606
0.157
0.488
0.543
0.051
0.144

T

~3.904
6.239
—0.424
0.834
—0.872
1515
1.214
~1.087
0.871
1.502
0.389
0.749
0.197
—0.654
—1.974

p-value

< 0.001
< 0.001
0.672
0.405
0.384
0.131
0.226
0.278
0.385
0.134
0.698
0.455
0.844
0.514
0.050





OPS/images/fpsyg-11-604762-t003.jpg
p

Main effects

Std.Err.

Models’ comparison-visual reaction time (RTV)

AGE
GENDER
EDUCATION
MOCA

PT

MRT

AGE*MOCA
AGE*PT
AGE*MRT
EDUCATION*MOCA
EDUCATION*PT
EDUCATION*MRT
GENDER*MOCA
GENDER*PT
GENDER*MRT
AdjR?
AAdjR?
F(sig)

—0.632
0.335
—0.140
o.777
0.051
0.325

0.133
0.002
1.070

0.178
0.161
0.502
0.567
0.058
0.162

—2.989
2.084
—0.279
1.373
0.880
2.002

p-value

<0.010
< 0.050
0.780
0.171
0.380
< 0.050

—0.506
0.436
—0.104
0.924
0.067
0.273
0.985
0.029
0.220
1.5624
—0.026
—-0.173
—0.546
—0.062
0.128
0.135

Main + first order interaction effects

Std.Err.

0.182
0.170
0.554
0.635
0.060
0.173
0.627
0.065
0.187
1.904
0.186
0.579
0.644
0.061
0.171

—2.780
2.560
—0.188
1.456
1111
1.583
1.571
0.442
1.176
0.801
—0.142
—0.300
—0.849
—1.021
0.750

p-value

<0.010
< 0.050
0.850
0.147
0.268
0.115
0.118
0.658
0.241
0.424
0.887
0.764
0.397
0.308
0.454





OPS/images/fpsyg-11-604762-t005.jpg
Main effects Main + first order interaction effects

B Std.Err. t p-value [} Std.Err. t p-value

Models’ comparison-obtaining an overview (ATAVT)

AGE —0.654 0.178 -3.620 < 0.001 —0.676 0.178 -3.808 < 0.001
GENDER —0.737 0.161 —0.457 0.648 0.044 0.166 0.266 0.790
EDUCATION —0.277 0.502 —0.533 0.581 —0.894 0.540 —.655 0.099
MOCA 1.712 0.566 3.022 <0.010 1.796 0.619 2.899 <0.010
PT —0.113 0.058 —1.945 0.053 —0.072 0.059 4.218 0.225
MRT 0.158 0.162 0.974 0.331 0.089 0.168 0.527 0.599
AGE*MOCA - - - - —0.023 0.612 —0.038 0.969
AGE*PT - - - - —0.016 0.064 —0.262 0.793
AGE*MRT - - - - 0.100 0.183 0.548 0.584
EDUCATION*MOCA - - - - —0.633 0.858 —0.341 0.733
EDUCATION*PT - - - - 0.209 0.182 1.146 0.253
EDUCATION*MRT - - - - —0.498 0.565 —0.882 0.379
GENDER*MOCA - - - - 0.136 0.628 0.217 0.828
GENDER*PT - - - - —0.166 0.059 —2.782 <0.010
GENDER*MRT - - - - —0.049 0.167 —0.294 0.769
AdjR? 0.251 0.290

AAdjR? 0.039

F(sig) 2.080x

*5 < 0.05.





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Spatial Mental Transformation Skills Discriminate Fitness to Drive in Young and Old Adults



		INTRODUCTION



		The Assessment of Fitness to Drive



		Demographic Factors Affecting Fitness to Drive



		The Present Study







		MATERIALS AND METHODS



		Participants



		Materials and Procedure



		Measure of Overall Cognitive Functioning



		Measures of Spatial Mental Transformation



		Fitness to Drive Screening







		Data Cleaning and Transformation



		Statistical Analysis







		RESULTS



		Descriptive Statistics and Preliminary Analyses



		Multiple Regression Analyses



		Determination Test (DT)



		Visual Reaction Times (RTV)



		Motor Reaction Times (RTM)



		Traffic Tachistoscopic Visual Acquisition (ATAVT)







		DISCUSSION



		Traffic Stress Resilience



		Reaction Times



		Visual Reaction Time



		Motor Reaction Time







		Obtain an Overview of Traffic







		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/cover.jpg
, frontiers
in Psychology










OPS/images/logo.jpg
’ frontiers
in Psychology





