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Abstract

:

Young people engage in a variety of behaviours that can have an impact on their health and safety, including driving and road accidents, which represent a major health issue today. Emotions, and in particular emotional regulation (ER), interact significantly with key elements of driving behaviour, such as risk perception, decision-making, and attention. We carried out a systematic review considering the presence of an association between emotional (dys)regulation and driving behaviour of young adults (18–25 years). A total of 1849 records were selected for screening and, finally, eight full-text articles were included. Two main findings were found: on the one hand, driving anger, unlike other emotional patterns, emerged as a well-defined cause of impairment among young drivers. On the other hand, drivers’ risky behaviour seems to be influenced by a heterogeneous set of factors, such as using specific ER strategies or personality traits (e.g., impulsivity). Expressing one’s emotions adaptively, improving the ability to accept and be aware of negative emotions, and controlling impulsive behaviour could reduce driving risks in young drivers.
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1. Introduction


Road accidents represent a major health issue today, especially due to the consequences on direct and indirect victims [1] and related social costs. The risk of being involved in a traffic accident is associated with young age and male gender [2,3,4,5,6]: in fact, the mortality rate is three times higher for males between the ages of 15 and 20 [7,8,9,10]. In Italy, the main causes of road accidents in 2020 included distracted driving (or “indecisive course”) in 15.7% of cases, failure to yield or respect traffic lights in 14.5%, and high speed in 10% of cases, followed by failure to observe a safe distance and the implementation of irregular manoeuvres, both in 8.7% of cases (ACI and Istat: https://www.istat.it/it/files/2022/07/REPORT_INCIDENTI_STRADALI_2021.pdf; accessed on 12 September 2022). These findings are consistent with global evidence; indeed, road accidents can be caused by several factors, but 55–60% of them are due solely to the human factor, which occurs, along with other variables, in about 90% of cases [11,12,13,14]. As reported by the Highway Safety Manual [7], road crashes can be attributed to the human factor (93%), the environment (34%), or the vehicle (13%), which may also overlap and concur in the causation of the accidents (in fact, the proportion only apparently exceeds 100 percent). Within the human factor are the effects produced by emotional states: anger, stress, worry, or excitement can have the same impact on driving as phone use or driving under the influence of alcohol or drugs [15,16,17].



1.1. Emotion and Driving Behaviour


Emotions interact significantly with key elements of driving behaviour, such as risk perception, decision-making, and attention [17,18,19,20,21,22]. The association between positive-valence emotion and attention has important effects on driving behaviour, as experiencing positive emotions extends the attentional field, leading to increased interference from other stimuli, which may distract the drivers, slowing their reaction time [22,23]. However, in the presence of emotion with positive valence, there is greater cognitive flexibility [22,24], and information processing occurs more easily and carefully. In contrast, the presence of a negative emotion highlights a potentially threatening situation, which requires more effort to process information [9]. Moreover, negative emotions seem to increase the chance of engaging in dangerous driving behaviours and being involved in accidents [24].



By assuming a connection between emotions, decision-making, and risk perception [25,26,27,28], it is possible to refer to two main approaches [29]. The first perspective is based on the positive or negative valence of emotions, whereby positive emotions decrease risk perception while negative emotions increase it [29,30,31], without clarifying the specific effect of two different emotions with the same valence (e.g., anger, fear). Instead, based on the second perspective [29,32,33,34], every emotion differs based on the evaluation of certain dimensions (e.g., certainty, control, pleasantness, attention, expected effort, responsibility). For example, while anger and happiness are associated with certainty and individual control and negatively affect risk perception, fear is associated with uncertainty and situational control, and thus increases risk perception. In addition, it is important to consider how young people under 25 tend to engage in more risky behaviours, exhibiting higher levels of impulsivity and arousal, also related to a level of cognitive development that is still in progress [35].



Emotions also have significant effects on driving speed [21,36,37], safe distance [37,38,39,40], and increased collisions [37,41].



Emotions are also found to be especially relevant in the propensity to make errors or violations. Reason and colleagues [42] described these risky behaviours as two distinct psychological constructs: errors refer to the inability to perform a series of actions aimed at achieving a goal, whereas violations are behaviours performed to violate traffic rules. In addition, errors can be divided into slips (i.e., lack of attention), lapses (i.e., lack of memory), and mistakes (i.e., lack of intention). In turn, violations can be “aggressive” when they contain a component of interpersonal aggression or “ordinary”, as deliberate deviations from safe driving without the intent to harm [43,44].




1.2. Emotional (dys)Regulation and Driving Behaviour


Emotional regulation (ER) refers to the “processes by which we influence which emotions we have, when we have them, and how we experience and express them” [45].



Gross [46] defined ER as the set of “conscious and nonconscious strategies we use to increase, maintain, or decrease one or more components of an emotional response” and conceptualized an ER model that distinguishes two classes of mechanisms based on the moment in which they are activated. The first group addresses antecedent-focused regulation strategies, because they are employed before the emotional response is fully activated, for example, shifting attention away from a stimulus that could generate negative emotions. The second group includes response-focused regulation strategies, which are employed when the response has already been generated, for instance, through modulation or suppression. Antecedent-focused strategies reduce both the expression and the experience of negative emotions and do not require a high level of cognitive load; in contrast, response-focused strategies require a greater amount of cognitive effort and only influence the reduction in emotional expression [46].



Individuals with difficulties in ER are more likely to behave aggressively, display impulsiveness, and, consequently, reveal a tendency to engage in risky behaviours and driving errors. In contrast, those who use more adaptive ER strategies experience less stress under intense emotional conditions such as, for example, in heavy-traffic situations [47]. ER abilities while driving would seem to increase not only with age but also with driving experience: in particular, Carver [48] pointed out that if negative emotions are experienced, the ER system engages in restoring emotions to a neutral level, which leads the individual to ignore activities that are not directly related to the regulatory action. As a result, while driving, the attention paid to the road will represent a small part of the attention involved in the regulation process. For instance, drivers who experience anger but do not express it exhibit speed-increasing behaviours, while drivers who express anger engage in much more dangerous behaviours that are correlated with more accidents [49]; moreover, when the individual experiences a state of frustration while driving, their emotional state can dangerously escalate [50].




1.3. Young Drivers and Driving Behaviour


Young people engage in a variety of behaviours that can impact their health and safety in several contexts (e.g., drinking frequency, general delinquency, sexual behaviour), including driving [51,52,53,54,55,56,57].



Specifically, changes in driving behaviour and decreases in driving performance are often detected when drivers experience a range of emotional states [58,59]. For example, Lansdown and Stephens [60] found that young drivers distracted by emotional conversations via smartphone experience more problems than those who have non-emotional conversations, with an increase in driving distraction [61].



Moreover, the young are not inclined to risky behaviours in general but rather are more willing to take risks in particular circumstances, such as in the presence of peers [21,62]. Peers may serve as role models to emulate, thus encouraging risky driving, since from a developmental point of view, young novice drivers are vulnerable to negative peer influences and need social approval from peers [63].



This finding introduces the relevance of social influences for young drivers who, in the presence of friends, drive faster than when they are alone, especially when their emotional state is positive, probably due to an “emotional contagion” [9,64].




1.4. Aims


The preceding literature, as highlighted in the Introduction, has demonstrated that emotions can have a significant impact on driving behaviours, increasing the likelihood of violations and errors, and that difficulty in their regulation is associated with engaging in risky behaviours [42]. This systematic review aims to provide an overview of the current scientific knowledge regarding the relationship between emotional regulation and driving behaviours in young adults, who represent the population with the highest mortality rate due to road accidents [2,3,4,5,6] and are more prone to engaging in risky behaviours, partly due to their lower emotional maturity [35]. Two objectives are outlined: (1) to identify the emotional regulation strategies used during driving behaviour; (2) to verify whether studies confirm a relationship between maladaptive or adaptive driving behaviours and specific emotional regulation strategies, such as cognitive reappraisal or emotion suppression.





2. Methods


This systematic review was based on the framework of Arksey and O’Malley [65] and was performed according to the recommendations of the “Preferred Reporting Items for Systematic Reviews and Meta-Analyses”—PRISMA [66,67]. The study was registered in the “International Prospective Register of Systematic Reviews” (PROSPERO) in August 2021 (CRD42021251474), and the detailed protocol is available upon request.



Given the complexity and importance of the phenomenon, a thematic synthesis was performed to provide an initial overview of the current state of research on the topic [68].



2.1. Eligibility Criteria


In this study, the criteria were measured using PCC, which stands for:




	
Population: young adult drivers (18–25 years);



	
Concept: the presence of an association between emotional (dys)regulation and driving behaviour of young adults;



	
Context: addressing emotional (dys)regulation in driving contexts.








Several online databases were screened on 22 April 2021: PubMed/MEDLINE, PsycINFO, Web of Science, Scopus, Secondary Documents of Scopus, and CINAHL. In addition, a manual search of reference lists of the retrieved relevant articles was performed. The keywords used were related to emotional regulation and dysregulation (“emotion* regulation” OR “emotion* dysregulation”) and driving context (“driv*” OR “traffic” OR “road”).



Screening resulted in 3925 papers published from 1999 to 2021. After the removal of duplicates, a total of 1849 records were selected for screening. Selected articles included English, Italian, French, and Spanish languages and had to meet the following criteria: (1) the articles were qualitative/quantitative/cross-sectional/cohort/non-report studies; (2) the study target population included young adults (18–25 years; [69]); (3) the article considered any vehicle (e.g., car, bicycle, truck); (4) the presence of the construct of emotional (dys)regulation; (5) the presence of an association between emotional (dys)regulation and driving behaviour.



The exclusion criteria were systematic/non-systematic reviews, mini-reviews or meta-analyses, clinical study samples, focus on stress/distress, or study involving individuals other than drivers. A number of 1806 records were excluded based on the title and abstract, and a total of 43 articles were assessed for eligibility. Of these, 34 studies were excluded for the following reasons: incorrect focus (N = 5), incorrect research design (N = 5), incorrect population (N = 21), or other (N = 3), resulting in a total of 8 records reviewed.



The review procedure was the following: titles and abstracts were screened by two authors independently (AP and CC) and potentially eligible studies were collated using Microsoft Excel, version number 16.82, Microsoft Corporation, Redmond, Washington, United State). The potentially eligible studies and discrepancies were discussed among the research team. Then, the authors reviewed the full texts based on the inclusion and exclusion criteria outlined, with the emerging discrepancies being discussed and resolved within the research team.




2.2. Risk of Bias


Two authors (AP and CC) also performed a risk of bias assessment using the NIH Quality Assessment Tools for observational, cohort, and cross-sectional studies (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools; accessed on 20 September 2022), and a third author (GL) performed a final review to ensure the adequacy of the assessment procedure. An overall quality assessment was performed to identify the risk of general bias: studies were rated as “Good” if they showed a ≥75% positive response rate to the NIH instrument questions (N = 2); they were rated as “fair” if they showed a 50–75% positive response rate to the NIH instrument questions (N = 6); finally, studies showing a 25–50% positive response rate to the NIH instrument questions were rated as “Poor” (N = 1). Following the NIH guidelines exclusion criteria, studies rated as “Poor” were excluded; thus, a final number of 8 studies were reviewed (see Figure 1; Table 1).





3. Results


Most studies were cross-sectional and observational cohort designs and were conducted in different countries: Italy (N = 2), USA (N = 3), UK (N = 1), Australia (N = 1), and the Netherlands (N = 1). The following measures were used to assess ER while driving: ad hoc questionnaires (studies = 4) [70,71,72,73] and validated instruments (studies = 4) [74,75,76,77].



3.1. The Role of the Affective State and Emotional Regulation on Driving Behaviour


Lazuras and colleagues [75] applied a dual-process model (System 1 and System 2) to the driving performance of young drivers: System 1 traits regard higher-order cognitive processes correlated with impulsiveness and sensation-seeking related to deviant driving behaviour; System 2 traits regard individual differences in self and emotion regulation associated with a positive attitude toward safe driving. The results showed that impulsivity was associated with driving violations and errors, whereas sensation-seeking was directly associated with errors. Furthermore, both elements showed significant indirect effects on committing errors through self-regulation. In particular, the mediation results would suggest that System 1 inputs increase the risk of being involved in road accidents, whereas System 2 self-regulatory processes may mitigate this risk.



Parlangeli and colleagues [76] investigated correlations that existed between unsafe driving behaviour and certain variables such as impulsivity, risk perception, and emotion regulation strategies: cognitive reappraisal and suppression. Impulsivity was positively correlated with suppression strategies and not with reappraisal, showing how exhibiting dangerous driving behaviour before reappraisal of emotions makes the use of suppression strategies more likely. This is expressed by a relationship between cognitive reappraisal and increased risk perception for all investigated dangerous behaviour (i.e., intentional acts—violations—and unintentional errors—errors, i.e., wrong actions that are a result of incompetence, and lapses, i.e., errors resulting from attentional malfunction), whereas the suppression strategy appears to be associated only with increased risk perception for violations.



Another strategy to regulate the emotional state was investigated by van der Zwaag and colleagues [77], who specifically focused on the effect of music in attenuating a driver’s emotional response by measuring some physiological parameters (e.g., skin conductance, facial muscle tension). Participants listened to positive (happy)-valence music of their choice, after which the experiment consisted of a gradual or abrupt music change towards more calming music. The results showed that the abrupt way of changing music type led to more physiological calmness and improved driving performance and was thus safer and more effective.



Studies on Driving Anger Regulation


Concerning driving anger, the results showed that when this emotion is involved, young drivers commit a greater number of violations and errors. Biassoni and colleagues [74] investigated the relationship between driving anger, risky behaviour, and how drivers express and regulate anger while driving. The authors assessed verbal and acoustic expressions of driving anger and examined whether emotion regulation strategies, (e.g., cognitive reappraisal) effectively reduced this emotional pattern. Using a simulated driving scenario, a neutral and angry emotional state was induced in participants by recording their behaviour and reactions: one group received instructions to re-evaluate anger-inducing events, while a control group received no instructions. The results showed that in the anger-inducing scenario, participants committed violations, honked, and swore more frequently, although the emerging acoustic profile of anger expression resembled that of “cold anger” [78], characterized by lower levels of arousal and intensity. Cognitive reappraisal, however, is effective in reducing the number of violations committed.



Harris [70] examined the effect of cognitive reappraisal strategies on driving behaviour and, specifically, how these strategies can help to minimize the negative emotional response to frustrations while driving. Three variables were assessed: the ER strategy (i.e., reappraisal, suppression, or none), the time at which it was introduced (i.e., before or while driving), and the source of regulation (i.e., internal or external). Some individuals were asked to self-regulate by generating their reappraisals or suppressing thoughts and emotions, while others received concrete suggestions from a voice assistant to reappraise what was happening during the driving scenario. The results showed that those who received external support in the use of regulation and/or suppression strategies before or during the driving task performed better than participants who self-regulated or suppressed, but also compared to those who did not implement any strategies and those who received instructions during the simulation. Specifically, the use of reappraisal strategies significantly reduced negative emotions, in contrast with the use of suppression strategies or the absence of any type of regulation.



Similarly, Jeon [71] and Jeon and colleagues [72] explored how interaction with an on-board voice agent can improve a driver’s psychological state and increase driving safety. The authors specifically explored the use of the on-board software to mitigate the effects of anger on driving behaviour. Again, an angry or neutral emotional state was induced in participants who received two types of prompt from a voice assistant during the driving simulation: “ER” (Emotion Regulation) or “SA” (Situation Awareness). The results showed that both types of voice prompts improved both the driver’s context awareness and driving performance, while also reducing anger level and perceived workload.





3.2. Sleep-Impaired Emotional Regulation on Driving Behaviour


The consequences of emotional dysregulation on driving behaviour have also been investigated through its effect on sleep levels in young drivers [73]. Sleep deprivation leads to lower ER and impulse control abilities, but also to impaired cognitive function [79]. Thus, research by Watling and colleagues [73] examined the relationship between sleep level, sleep quality, sleep-related impairment of ER skills, and impaired cognitive functioning, as well as increased risk propensity in a sample of young drivers. These relationships were specifically investigated about two frequent behaviours among young people: the tendency to keep driving while sleepy and the experience of having a sleep-related close call. The results showed that more than 15% of the participants were at risk of being involved in a road accident due to sleepiness. In addition, both age and impaired ER due to sleepiness were associated with the two risky behaviours investigated, as well as shorter sleep duration and higher levels of impaired cognitive function.



The coding of all articles is shown in Table 2.





4. Discussion


This systematic review aimed to investigate the association between ER and driving behaviour, with a specific focus on young adults. Research on this topic has been concerned with investigating how specific ER strategies affect risky behaviours; the effect of ER on anger and on driving behaviours; and the effect of impairment of ER strategies associated with sleepy driving states. Two main results emerged: on the one hand, driving anger, differently from other emotional patterns, arose as a well-defined cause of impairment among young drivers. On the other hand, drivers’ risky behaviour seemed to be influenced by a heterogeneous set of factors, such as using specific ER strategies or personality traits (e.g., impulsiveness).



Specifically, about the effects of emotional regulation on driving behaviour, the results showed that impulsivity and sensation-seeking are associated with an increased risk of road crashes and that emotional regulation, especially emotional reappraisal, is a protective factor. Specifically, emotional reappraisal increases the perception of risk for both intentional behaviours (such as violations) and unintentional behaviours (such as errors and lapses), while otherwise, suppression may be a risk factor [75,76]. Beyond the specific strategies mentioned above, one external component that has emerged as a tool for emotion regulation is music; specifically, relaxing music can lead to better driving performance [77]. In line with these results, personality traits, such as impulsivity and sensation-seeking [80], seem to influence the relationship between ER and risky driving. Oppenheim et al. [81] found that higher sensation-seeking scores suggest a greater likelihood of being high-violation-rate individuals, consistent with the previous literature [82,83,84,85]. Apparently, the higher the score on such traits in the drivers, the greater the difficulties in emotion regulation, making them more likely to engage in risky driving behaviours, rather than positive driving behaviours [86].



Out of all the studies included in the literature review, particular interest was given to the study of driving anger. In this context, the role of the emotional regulation strategy of reappraisal emerges again as a protective factor for the enactment of risky behaviours, such as the number of violations [74]. Several authors [70,71,72] aimed to investigate the presence of differences between self-regulation and hetero regulation (i.e., instructions given by voice commands on ER strategies to be implemented). The results showed that hetero regulation is more effective in reducing anger, frustration, and the enactment of risky driving behaviours than self-regulation or no emotional regulation. In addition, the authors found that the instruction to participants to use the reappraisal strategy rather than suppression was more effective. These results are in line with several studies that have highlighted the link between aggression and risky driving behaviour [47,87,88,89,90,91], specifically in young drivers [92,93,94,95,96]. Indeed, adolescents and young adults up to 25 years are still in a cognitive development stage; hence, they are more likely to show strong impulsive reactions and physical arousal toward risk [35]. Drivers who are more able to use ER strategies (e.g., cognitive reappraisal) may experience less distress in traffic situations, as they may have the ability to enact desired behaviours when experiencing negative emotions, to remain calm in situations where others would feel overwhelmed or out of control, and to concentrate and focus on driving in a stressful situation [47,97]. A systematic review conducted by Bjureberg and Gross [98] confirmed these results by examining the implications of using different ER strategies on driving behaviour, especially when the driver experiences anger. While cognitive strategies (e.g., repurposing or reconstrual) consistently decreased road rage outcomes, attentional strategies (e.g., focus shifting) or response modulation strategies (e.g., suppression) were found to be equivalent or, in some cases, to increase aggressive driving.



How we regulate our emotions can also have a significant impact on indirect driving behaviour through the relationship between this ability and certain key factors, such as sleep. The review results showed that impairment of ER resulting from sleepy states emerged as associated with risky behaviours such as the tendency to keep driving while sleepy and the experience of having a sleep-related close call [73]. Sleep-related impairment of ER is supported by Motomura and Mishima [99], suggesting that sleep loss, besides causing daytime sleepiness and psychomotor impairment, may affect emotional stability and emotion regulation mechanisms (e.g., interfering with the functional regulation of the amygdala by the ventral anterior cingulate cortex). In addition, although age and driving sleepiness are negatively correlated in the literature [100,101,102,103], Watling’s study [104] found a positive relationship between these factors in a sample of young drivers (aged 18–25), probably due to their limited driving experience concerning sleepiness and overnight driving. Accordingly, several studies have reported a higher prevalence of sleepiness-related vehicle crashes for youths and young adults [105,106] and a higher propensity towards risky driving behaviours [107].



Limits


This study has limitations that should be considered for the interpretation and generalization of the results: firstly, all studies were conducted in Western contexts, while none of them addressed driving in Asian or, more generally, Eastern contexts, a reason that could bias the analysis of the driving behaviours observed.



In addition, the measures used are very different: some studies employed simulated driving scenarios, others used questionnaires, and others employed both types of assessment tools. Moreover, ER was mostly assessed with ad hoc measures (sometimes consisting of few items), while only two studies used the ERQ [75,76]. In addition, the focus of the studies is not homogeneous: despite there being some consistency in the research on road rage, other studies are more heterogeneous, examining several different issues (e.g., mood induction, impulsivity and sensation-seeking, and sleepiness levels).



Finally, the study population is restricted to car drivers, while there are no studies investigating ER or dysregulation in other drivers (e.g., bicycles, public transportation, trucks, and electric scooters).





5. Conclusions and Future Perspective


This systematic review confirmed the importance of emotional regulation in young people’s driving activity. One of the key findings that emerged in the studies that dealt with this issue related to the different effects between the use of the cognitive reappraisal strategy and suppression. Within the theoretical framework of reference is the model of Gross [46], who indicated how these two strategies are situated at two different levels of emotional response generation. Cognitive reappraisal, intervening before the generation of the emotion, decreases the intensity of the emotion without any cognitive load; while suppression intervening, on the contrary, following the generation of the emotion has an effect exclusively on reducing emotional expression and requires more cognitive load. Emotions interact significantly with the cognitive processes essential for good driving performance, such as risk perception, attention, and decision-making. In this sense, the results of this review are consistent with findings from studies conducted by Gross and colleagues [108,109,110] showing that adaptive strategies, such as reappraisal, can improve cognitive performance, while suppression can have a negative effect.



Based on the present findings, recommendations could be made. Young drivers could reduce driving risks and adaptively express their emotions by improving their ability to accept and be aware of negative emotions and control their impulsive behaviour. In addition, a specific recommendation for young drivers may be to use cognitive strategies such as reappraisal and reconstruction while driving, which can be effective in dealing with difficulties in impulse control and goal-oriented responses [97]. To the authors’ knowledge, this is the first systematic review that explicitly investigated ER and driving behaviour specifically in young drivers.



Our results highlighted the relevance of including ER skills in the assessment of driving candidates, suggesting potentially useful intervention pathways to decrease unsafe driving, but should be considered precautionary considering the limitations that emerged. Future investigations are needed to examine young drivers’ attitudes and abilities to better understand possible implications for road safety education. Moreover, another study could focus on other age groups (e.g., how ER affects driving ability in the elderly) or could consider other emotional competencies (e.g., emotional intelligence).







Author Contributions


Conceptualization, A.P., G.L. and C.C.; methodology, A.P. and C.C., formal analysis, A.P. and G.L.; data curation, A.P., G.L. and C.C.; writing—original draft preparation, A.P., G.L., J.B., A.Q., E.M., I.D., B.B. and C.C.; writing—review and editing, J.B., A.Q., E.M., I.D., B.B. and C.C.; supervision, A.M.G. and P.C.; All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Burrai, J.; Quaglieri, A.; Lausi, G.; Fraschetti, A.; Couyoumdjian, A.; Guidoni, U.; Vedovi, S.; Ferracuti, S.; Giannini, A.M.; Mari, E. A model of Early Psychological Intervention for Direct and Indirect Road Victims. Mediterr. J. Clin. Psychol. 2021, 9. [Google Scholar] [CrossRef]

	



Centers for Disease Control and Prevention Web-Based Injury Statistics Query and Reporting System (WISQARS). Www Cdc Govncipcwisqars 2002. Available online: https://www.cdc.gov/injury/wisqars/ (accessed on 12 September 2022).

	



McCartt, A.T.; Mayhew, D.R.; Braitman, K.A.; Ferguson, S.A.; Simpson, H.M. Effects of Age and Experience on Young Driver Crashes: Review of Recent Literature. Traffic Inj. Prev. 2009, 10, 209–219. [Google Scholar] [CrossRef] [PubMed]

	



Oehl, M.; Höger, R. Affective States and Driving Behavior of Novice and Young Drivers. In Proceedings of the 5th International Conference on Applied Human Factors and Ergonomics, Krakow, Poland, 19–23 July 2014. [Google Scholar] [CrossRef]

	



Regev, S.; Rolison, J.J.; Moutari, S. Crash risk by driver age, gender, and time of day using a new exposure methodology. J. Safety Res. 2018, 66, 131–140. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization. Global Status Report on Road Safety 2018: Summary; World Health Organization: Geneva, Switzerland, 2018. [Google Scholar]

	



National Research Council (US); Transportation Research Board; Task Force on Development of the Highway Safety Manual; Transportation Officials. Joint Task Force on the Highway Safety Manual Highway Safety Manual; AASHTO: Washington, DC, USA, 2010; Volume 1, ISBN 1-56051-477-9. [Google Scholar]

	



National Center for Statistics and Analysis. National Center for Statistics and Analysis Traffic Safety Facts 2009: A Compilation of Motor Vehicle Crash Data from the Fatality Analysis Reporting System and the General Estimates System; National Center for Statistics and Analysis: Chicago, IL, USA, 2009.

	



Rhodes, N.; Pivik, K.; Sutton, M. Risky driving among young male drivers: The effects of mood and passengers. Transp. Res. Part F Traffic Psychol. Behav. 2015, 28, 65–76. [Google Scholar] [CrossRef]

	



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

	



Domenichini, L.; Branzi, V.; Smorti, M. Influence of drivers’ psychological risk profiles on the effectiveness of traffic calming measures. Accid. Anal. Prev. 2019, 123, 243–255. [Google Scholar] [CrossRef] [PubMed]

	



Intini, P.; Colonna, P.; Olaussen Ryeng, E. Route familiarity in road safety: A literature review and an identification proposal. Transp. Res. Part F Traffic Psychol. Behav. 2019, 62, 651–671. [Google Scholar] [CrossRef]

	



Singh, S. Critical Reasons for Crashes Investigated in the National Motor Vehicle Crash Causation Survey; National Highway Traffic Safety Administration: Washington, DC, USA, 2015.

	



Weller, G.; Schlag, B.; Gatti, G.; Jorna, R.; van de Leur, M. Human Factors in Road Design; State of the art and empirical evidence—Delivery RIPCORD—ISEREST EU-project within the 6th framework; European Commission: Brussels, Belgium, 2006. [Google Scholar]

	



Dahlen, E.R.; Martin, R.C.; Ragan, K.; Kuhlman, M.M. Driving anger, sensation seeking, impulsiveness, and boredom proneness in the prediction of unsafe driving. Accid. Anal. Prev. 2005, 37, 341–348. [Google Scholar] [CrossRef] [PubMed]

	



Underwood, G.; Chapman, P.; Wright, S.; Crundall, D. Anger while driving. Transp. Res. Part F Traffic Psychol. Behav. 1999, 2, 55–68. [Google Scholar] [CrossRef]

	



Zimasa, T.; Jamson, S.; Henson, B. Are happy drivers safer drivers? Evidence from hazard response times and eye tracking data. Transp. Res. Part F Traffic Psychol. Behav. 2017, 46, 14–23. [Google Scholar] [CrossRef]

	



Zwosta, K.; Hommel, B.; Goschke, T.; Fischer, R. Mood states determine the degree of task shielding in dual-task performance. Cogn. Emot. 2013, 27, 1142–1152. [Google Scholar] [CrossRef] [PubMed]

	



Jefferies, L.N.; Smilek, D.; Eich, E.; Enns, J.T. Emotional Valence and Arousal Interact in Attentional Control. Psychol. Sci. 2008, 19, 290–295. [Google Scholar] [CrossRef]

	



Kuhbandner, C.; Zehetleitner, M. Dissociable Effects of Valence and Arousal in Adaptive Executive Control. PLoS ONE 2011, 6, e29287. [Google Scholar] [CrossRef] [PubMed]

	



Scott-Parker, B. Emotions, behaviour, and the adolescent driver: A literature review. Transp. Res. Part F Traffic Psychol. Behav. 2017, 50, 1–37. [Google Scholar] [CrossRef]

	



Steinhauser, K.; Leist, F.; Maier, K.; Michel, V.; Pärsch, N.; Rigley, P.; Wurm, F.; Steinhauser, M. Effects of emotions on driving behavior. Transp. Res. Part F Traffic Psychol. Behav. 2018, 59, 150–163. [Google Scholar] [CrossRef]

	



Rowe, G.; Hirsh, J.B.; Anderson, A.K. Positive affect increases the breadth of attentional selection. Proc. Natl. Acad. Sci. USA 2007, 104, 383–388. [Google Scholar] [CrossRef]

	



Dreisbach, G.; Goschke, T. How Positive Affect Modulates Cognitive Control: Reduced Perseveration at the Cost of Increased Distractibility. J. Exp. Psychol. Learn. Mem. Cogn. 2004, 30, 343–353. [Google Scholar] [CrossRef]

	



Delhomme, P.; Meyer, T. Control motivation and young drivers’ decision making. Ergonomics 1998, 41, 373–393. [Google Scholar] [CrossRef]

	



Lacasse, K. Going with your gut: How William James’ theory of emotions brings insights to risk perception and decision making research. New Ideas Psychol. 2017, 46, 1–7. [Google Scholar] [CrossRef]

	



Slovic, P.; Peters, E.; Finucane, M.L.; MacGregor, D.G. Affect, risk, and decision making. Health Psychol. 2005, 24, S35–S40. [Google Scholar] [CrossRef]

	



Smorti, M.; Guarnieri, S. Do aggressive driving and negative emotional driving mediate the link between impulsiveness and risky driving among young Italian drivers? J. Soc. Psychol. 2016, 156, 669–673. [Google Scholar] [CrossRef] [PubMed]

	



Lu, J.; Xie, X.; Zhang, R. Focusing on appraisals: How and why anger and fear influence driving risk perception. J. Safety Res. 2013, 45, 65–73. [Google Scholar] [CrossRef] [PubMed]

	



Hu, T.-Y.; Xie, X.; Li, J. Negative or positive? The effect of emotion and mood on risky driving. Transp. Res. Part F Traffic Psychol. Behav. 2013, 16, 29–40. [Google Scholar] [CrossRef]

	



Johnson, E.J.; Tversky, A. Affect, generalization, and the perception of risk. J. Pers. Soc. Psychol. 1983, 45, 20–31. [Google Scholar] [CrossRef]

	



Han, S.; Lerner, J.S.; Keltner, D. Feelings and Consumer Decision Making: The Appraisal-Tendency Framework. J. Consum. Psychol. 2007, 17, 158–168. [Google Scholar] [CrossRef]

	



Lerner, J.S.; Keltner, D. Beyond valence: Toward a model of emotion-specific influences on judgement and choice. Cogn. Emot. 2000, 14, 473–493. [Google Scholar] [CrossRef]

	



Lerner, J.S.; Keltner, D. Fear, anger, and risk. J. Pers. Soc. Psychol. 2001, 81, 146–159. [Google Scholar] [CrossRef] [PubMed]

	



Glendon, A.I. Neuroscience and Young Drivers. In Handbook of Traffic Psychology; Elsevier: Amsterdam, The Netherlands, 2011; pp. 109–125. ISBN 978-0-12-381984-0. [Google Scholar]

	



Roidl, E.; Frehse, B.; Höger, R. Emotional states of drivers and the impact on speed, acceleration and traffic violations—A simulator study. Accid. Anal. Prev. 2014, 70, 282–292. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, X.; Shou, Y.; Wang, M.-C.; Zhong, C.; Luo, J.; Gao, Y.; Yang, W. Assessing callous-unemotional traits in chinese detained boys: Factor structure and construct validity of the inventory of callous-unemotional traits. Front. Psychol. 2019, 10, 1841. [Google Scholar] [CrossRef]

	



Deffenbacher, J.L.; Filetti, L.B.; Richards, T.L.; Lynch, R.S.; Oetting, E.R. Characteristics of two groups of angry drivers. J. Couns. Psychol. 2003, 50, 123–132. [Google Scholar] [CrossRef]

	



Deffenbacher, J.L.; Deffenbacher, D.M.; Lynch, R.S.; Richards, T.L. Anger, aggression, and risky behavior: A comparison of high and low anger drivers. Behav. Res. Ther. 2003, 41, 701–718. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, T.; Chan, A.H.S.; Ba, Y.; Zhang, W. Situational driving anger, driving performance and allocation of visual attention. Transp. Res. Part F Traffic Psychol. Behav. 2016, 42, 376–388. [Google Scholar] [CrossRef]

	



Deffenbacher, J.L.; Huff, M.E.; Lynch, R.S.; Oetting, E.R.; Salvatore, N.F. Characteristics and treatment of high-anger drivers. J. Couns. Psychol. 2000, 47, 5–17. [Google Scholar] [CrossRef]

	



Reason, J.; Manstead, A.; Stradling, S.; Baxter, J.; Campbell, K. Errors and violations on the roads: A real distinction? Ergonomics 1990, 33, 1315–1332. [Google Scholar] [CrossRef] [PubMed]

	



Lajunen, T.; Parker, D.; Summala, H. The Manchester Driver Behaviour Questionnaire: A cross-cultural study. Accid. Anal. Prev. 2004, 36, 231–238. [Google Scholar] [CrossRef] [PubMed]

	



Özkan, T.; Lajunen, T.; Chliaoutakis, J.E.; Parker, D.; Summala, H. Cross-cultural differences in driving behaviours: A comparison of six countries. Transp. Res. Part F Traffic Psychol. Behav. 2006, 9, 227–242. [Google Scholar] [CrossRef]

	



Gross, J.J. Emotion regulation: Affective, cognitive, and social consequences. Psychophysiology 2002, 39, 281–291. [Google Scholar] [CrossRef] [PubMed]

	



Gross, J.J. Emotion Regulation in Adulthood: Timing Is Everything. Curr. Dir. Psychol. Sci. 2001, 10, 214–219. [Google Scholar] [CrossRef]

	



Sani, S.R.H.; Tabibi, Z.; Fadardi, J.S.; Stavrinos, D. Aggression, emotional self-regulation, attentional bias, and cognitive inhibition predict risky driving behavior. Accid. Anal. Prev. 2017, 109, 78–88. [Google Scholar] [CrossRef]

	



Carver, C. Pleasure as a sign you can attend to something else: Placing positive feelings within a general model of affect. Cogn. Emot. 2003, 17, 241–261. [Google Scholar] [CrossRef]

	



Qu, W.; Dai, M.; Zhao, W.; Zhang, K.; Ge, Y. Expressing Anger Is More Dangerous than Feeling Angry when Driving. PLoS ONE 2016, 11, e0156948. [Google Scholar] [CrossRef] [PubMed]

	



Harris, H.; Nass, C. Emotion regulation for frustrating driving contexts. In Proceedings of the International Conference on Human Factors in Computing Systems, CHI 2011, Vancouver, BC, Canada, 7–12 May 2011; pp. 749–752. [Google Scholar]

	



Costa, F.M.; Jessor, R.; Donovan, J.E. Value on Health and Adolescent Conventionality: A Construct Validation of a New Measure in Problem-Behavior Theory. J. Appl. Soc. Psychol. 1989, 19, 841–861. [Google Scholar] [CrossRef]

	



Harbeck, E.L.; Glendon, A.I. How reinforcement sensitivity and perceived risk influence young drivers’ reported engagement in risky driving behaviors. Accid. Anal. Prev. 2013, 54, 73–80. [Google Scholar] [CrossRef] [PubMed]

	



Jessor, R. Problem-Behavior Theory, Psychosocial Development, and Adolescent Problem Drinking. Br. J. Addict. 1987, 82, 331–342. [Google Scholar] [CrossRef] [PubMed]

	



Laz, T.H.; Shemontee, M.O.; Rahman, M.; Berenson, A.B. Association of Prescription Drug Misuse with Risky Motor Vehicle Behaviors among Low-Income Young Women. Subst. Abuse 2013, 34, 405–408. [Google Scholar] [CrossRef]

	



Luk, J.W.; Worley, M.J.; Winiger, E.; Trim, R.S.; Hopfer, C.J.; Hewitt, J.K.; Brown, S.A.; Wall, T.L. Risky driving and sexual behaviors as developmental outcomes of co-occurring substance use and antisocial behavior. Drug Alcohol Depend. 2016, 169, 19–25. [Google Scholar] [CrossRef]

	



Monahan, K.C.; Rhew, I.C.; Hawkins, J.D.; Brown, E.C. Adolescent Pathways to Co-Occurring Problem Behavior: The Effects of Peer Delinquency and Peer Substance Use. J. Res. Adolesc. 2014, 24, 630–645. [Google Scholar] [CrossRef] [PubMed]

	



Jessor, R.; Jessor, S.L. Problem Behavior and Psychosocial Development: A longitudinal Study of Youth; Academic Press: Cambridge, MA, USA, 1977. [Google Scholar]

	



Lucidi, F.; Giannini, A.M.; Sgalla, R.; Mallia, L.; Devoto, A.; Reichmann, S. Young novice driver subtypes: Relationship to driving violations, errors and lapses. Accid. Anal. Prev. 2010, 42, 1689–1696. [Google Scholar] [CrossRef] [PubMed]

	



Oviedo-Trespalacios, O.; Scott-Parker, B. Fast and furious: A neglected issue in health promotion among young drivers. Health Promot. J. Austr. 2019, 30, 311–316. [Google Scholar] [CrossRef]

	



Lansdown, T.C.; Stephens, A.N. Couples, contentious conversations, mobile telephone use and driving. Accid. Anal. Prev. 2013, 50, 416–422. [Google Scholar] [CrossRef]

	



Xue, Q.; Wang, X.; Li, Y.; Guo, W. Young Novice Drivers’ Cognitive Distraction Detection: Comparing Support Vector Machines and Random Forest Model of Vehicle Control Behavior. Sensors 2023, 23, 1345. [Google Scholar] [CrossRef] [PubMed]

	



Scott-Parker, B.; Hyde, M.K.; Watson, B.; King, M.J. Speeding by young novice drivers: What can personal characteristics and psychosocial theory add to our understanding? Accid. Anal. Prev. 2013, 50, 242–250. [Google Scholar] [CrossRef]

	



Scott-Parker, B.; Watson, B.; King, M.J.; Hyde, M.K. Young novice drivers and the risky behaviours of parents and friends during the Provisional (intermediate) licence phase: A brief report. Accid. Anal. Prev. 2014, 69, 51–55. [Google Scholar] [CrossRef]

	



Druckman, D.E.; Bjork, R.A. Learning, Remembering, Believing: Enhancing Human Performance; National Academy Press: Washington, DC, USA, 1994; ISBN 0-309-04993-8. [Google Scholar]

	



Arksey, H.; O’Malley, L. Scoping studies: Towards a methodological framework. Int. J. Soc. Res. Methodol. 2005, 8, 19–32. [Google Scholar] [CrossRef]

	



Panic, N.; Leoncini, E.; De Belvis, G.; Ricciardi, W.; Boccia, S. Evaluation of the Endorsement of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Statement on the Quality of Published Systematic Review and Meta-Analyses. PLoS ONE 2013, 8, e83138. [Google Scholar] [CrossRef]

	



Shamseer, L.; Moher, D.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P.; Stewart, L.A. the PRISMA-P Group Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: Elaboration and explanation. BMJ 2015, 349, g7647. [Google Scholar] [CrossRef] [PubMed]

	



Thomas, J.; Harden, A. Methods for the thematic synthesis of qualitative research in systematic reviews. BMC Med. Res. Methodol. 2008, 8, 45. [Google Scholar] [CrossRef] [PubMed]

	



Peng, Y.; Zhu, Q.; Wang, B.; Ren, J. A cross-sectional study on interference control: Age affects reactive control but not proactive control. PeerJ 2020, 8, e8365. [Google Scholar] [CrossRef]

	



Harris, H.F. Emotion Regulation for Drivers: An Exploration of Variables that Promote Positive Emotional States and Safe Driving. Ph.D. Thesis, Stanford University, Stanford, CA, USA, 2011. ISBN 9798672118338. [Google Scholar]

	



Jeon, M. Effects of Affective States on Driver Situation Awareness and Adaptive Mitigation Interfaces: Focused on Anger. Ph.D. Thesis, Georgia Institute of Technology, Atlanta, GA, USA, 2012. ISBN 1-267-73956-8. [Google Scholar]

	



Jeon, M.; Walker, B.N.; Gable, T.M. The effects of social interactions with in-vehicle agents on a driver’s anger level, driving performance, situation awareness, and perceived workload. Appl. Ergon. 2015, 50, 185–199. [Google Scholar] [CrossRef] [PubMed]

	



Watling, C.N.; Shaw, L.M.; Watling, H. Sleep-impaired emotional regulation, impaired cognition, and poor sleep health are associated with risky sleepy driving in young adults. Traffic Inj. Prev. 2020, 21, 133–138. [Google Scholar] [CrossRef]

	



Biassoni, F.; Balzarotti, S.; Giamporcaro, M.; Ciceri, R. Hot or Cold Anger? Verbal and Vocal Expression of Anger While Driving in a Simulated Anger-Provoking Scenario. SAGE Open 2016, 6, 215824401665808. [Google Scholar] [CrossRef]

	



Lazuras, L.; Rowe, R.; Poulter, D.R.; Powell, P.A.; Ypsilanti, A. Impulsive and Self-Regulatory Processes in Risky Driving Among Young People: A Dual Process Model. Front. Psychol. 2019, 10, 1170. [Google Scholar] [CrossRef]

	



Parlangeli, O.; Bracci, M.; Guidi, S.; Marchigiani, E.; Duguid, A.M. Risk perception and emotions regulation strategies in driving behaviour: An analysis of the self-reported data of adolescents and young adults. Int. J. Hum. Factors Ergon. 2018, 5, 166. [Google Scholar] [CrossRef]

	



Van Der Zwaag, M.D.; Janssen, J.H.; Nass, C.; Westerink, J.H.D.M.; Chowdhury, S.; De Waard, D. Using music to change mood while driving. Ergonomics 2013, 56, 1504–1514. [Google Scholar] [CrossRef]

	



Bänziger, T.; Scherer, K.R. The role of intonation in emotional expressions. Speech Commun. 2005, 46, 252–267. [Google Scholar] [CrossRef]

	



Fuligni, A.J.; Bai, S.; Krull, J.L.; Gonzales, N.A. Individual Differences in Optimum Sleep for Daily Mood During Adolescence. J. Clin. Child Adolesc. Psychol. 2019, 48, 469–479. [Google Scholar] [CrossRef]

	



Liu, Y.; Wang, X.; Guo, Y. The Moderating Effects of Emotions on the Relationship Between Self-Reported Individual Traits and Actual Risky Driving Behaviors. Psychol. Res. Behav. Manag. 2021, 14, 423–447. [Google Scholar] [CrossRef]

	



Oppenheim, I.; Oron-Gilad, T.; Parmet, Y.; Shinar, D. Can traffic violations be traced to gender-role, sensation seeking, demographics and driving exposure? Transp. Res. Part F Traffic Psychol. Behav. 2016, 43, 387–395. [Google Scholar] [CrossRef]

	



Beanland, V.; Sellbom, M.; Johnson, A.K. Personality domains and traits that predict self-reported aberrant driving behaviours in a southeastern US university sample. Accid. Anal. Prev. 2014, 72, 184–192. [Google Scholar] [CrossRef]

	



Dahlen, E.R.; White, R.P. The Big Five factors, sensation seeking, and driving anger in the prediction of unsafe driving. Personal. Individ. Differ. 2006, 41, 903–915. [Google Scholar] [CrossRef]

	



Machin, M.A.; Sankey, K.S. Relationships between young drivers’ personality characteristics, risk perceptions, and driving behaviour. Accid. Anal. Prev. 2008, 40, 541–547. [Google Scholar] [CrossRef] [PubMed]

	



Machin, M.A.; Sankey, K.S. Factors Influencing Young Drivers’ Risk Perceptions and Speeding Behaviour. In Proceedings of the Australasian Road Safety Research, Policing and Education Conference, Gold Coast, Australia, 25–27 October 2006. [Google Scholar]

	



Li, J.; Zhou, Y.; Ge, Y.; Qu, W. Sensation seeking predicts risky driving behavior: The mediating role of difficulties in emotion regulation. Risk Anal. 2023, 43, 1871–1886. [Google Scholar] [CrossRef]

	



Deffenbacher, J.L.; Lynch, R.S.; Oetting, E.R.; Swaim, R.C. The Driving Anger Expression Inventory: A measure of how people express their anger on the road. Behav. Res. Ther. 2002, 40, 717–737. [Google Scholar] [CrossRef]

	



Lajunen, T.; Parker, D. Are aggressive people aggressive drivers? A study of the relationship between self-reported general aggressiveness, driver anger and aggressive driving. Accid. Anal. Prev. 2001, 33, 243–255. [Google Scholar] [CrossRef]

	



Mesken, J.; Hagenzieker, M.P.; Rothengatter, T.; De Waard, D. Frequency, determinants, and consequences of different drivers’ emotions: An on-the-road study using self-reports, (observed) behaviour, and physiology. Transp. Res. Part F Traffic Psychol. Behav. 2007, 10, 458–475. [Google Scholar] [CrossRef]

	



Wang, S.; Zhang, Y.; Sun, L. Effects of personality traits on bus drivers’ prosocial and aggressive behaviours: The moderated mediating role of risk perception and gender. PLoS ONE 2023, 18, e0281473. [Google Scholar] [CrossRef]

	



Yu, Z.; Qu, W.; Ge, Y. Trait anger causes risky driving behavior by influencing executive function and hazard cognition. Accid. Anal. Prev. 2022, 177, 106824. [Google Scholar] [CrossRef] [PubMed]

	



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

	



Deery, H.A.; Fildes, B.N. Young Novice Driver Subtypes: Relationship to High-Risk Behavior, Traffic Accident Record, and Simulator Driving Performance. Hum. Factors J. Hum. Factors Ergon. Soc. 1999, 41, 628–643. [Google Scholar] [CrossRef]

	



Lajunen, T.; Sullman, M.J.M.; Gaygısız, E. Self-Assessed Driving Skills and Risky Driver Behaviour Among Young Drivers: A Cross-Sectional Study. Front. Psychol. 2022, 13, 840269. [Google Scholar] [CrossRef]

	



Lambert-Bélanger, A.; Dubois, S.; Weaver, B.; Mullen, N.; Bédard, M. Aggressive driving behaviour in young drivers (aged 16 through 25) involved in fatal crashes. J. Safety Res. 2012, 43, 333–338. [Google Scholar] [CrossRef] [PubMed]

	



Ben-Ari, O.T.; Kaplan, S.; Lotan, T.; Prato, C.G. Parents’ and peers’ contribution to risky driving of male teen drivers. Accid. Anal. Prev. 2015, 78, 81–86. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, Y.; Qu, W.; Ge, Y. The role of trait emotional intelligence in driving anger: The mediating effect of emotion regulation. Transp. Res. Part F Traffic Psychol. Behav. 2022, 88, 281–290. [Google Scholar] [CrossRef]

	



Bjureberg, J.; Gross, J.J. Regulating road rage. Soc. Personal. Psychol. Compass 2021, 15, e12586. [Google Scholar] [CrossRef] [PubMed]

	



Motomura, Y.; Mishima, K. Sleep and emotion: The role of sleep in emotion regulation. Brain Nerve Shinkei Kenkyu No Shinpo 2014, 66, 15–23. [Google Scholar] [PubMed]

	



Nordbakke, S.; Sagberg, F. Sleepy at the wheel: Knowledge, symptoms and behaviour among car drivers. Transp. Res. Part F Traffic Psychol. Behav. 2007, 10, 1–10. [Google Scholar] [CrossRef]

	



Radun, I.; Radun, J.; Wahde, M.; Watling, C.N.; Kecklund, G. Self-reported circumstances and consequences of driving while sleepy. Transp. Res. Part F Traffic Psychol. Behav. 2015, 32, 91–100. [Google Scholar] [CrossRef]

	



Scarpelli, S.; Alfonsi, V.; Gorgoni, M.; Camaioni, M.; Giannini, A.M.; De Gennaro, L. Age-Related Effect of Sleepiness on Driving Performance: A Systematic-Review. Brain Sci. 2021, 11, 1090. [Google Scholar] [CrossRef] [PubMed]

	



Watling, C.; Armstrong, K.; Haworth, N. Signs of Driver Sleepiness and Risky Sleepy Driving Behaviours: The Associations with Demographic, Work and Sleep-Related Factors; Australasian College of Road Safety (ACRS): Mawson, Australia, 2015; pp. 1–10. [Google Scholar]

	



Watling, C.N. Young drivers who continue to drive while sleepy: What are the associated sleep- and driving-related factors? J. Sleep Res. 2020, 29, e12900. [Google Scholar] [CrossRef]

	



Sagaspe, P.; Taillard, J.; Bayon, V.; Lagarde, E.; Moore, N.; Boussuge, J.; Chaumet, G.; Bioulac, B.; Philip, P. Sleepiness, near-misses and driving accidents among a representative population of French drivers: Sleepiness, near-misses and driving accidents in France. J. Sleep Res. 2010, 19, 578–584. [Google Scholar] [CrossRef]

	



Thygerson, S.M.; Merrill, R.M.; Cook, L.J.; Thomas, A.M.; Wu, A.C. Epidemiology of Motor Vehicle Crashes in Utah. Traffic Inj. Prev. 2011, 12, 39–47. [Google Scholar] [CrossRef] [PubMed]

	



Robbins, R.; Piazza, A.; Martin, R.J.; Jean-Louis, G.; Knowlden, A.P.; Grandner, M.A. Examining the relationship between poor sleep health and risky driving behaviors among college students. Traffic Inj. Prev. 2021, 22, 599–604. [Google Scholar] [CrossRef] [PubMed]

	



Richards, J.M.; Gross, J.J. Emotion regulation and memory: The cognitive costs of keeping one’s cool. J. Personal. Soc. Psychol. 2000, 79, 410–424. [Google Scholar] [CrossRef] [PubMed]

	



Johns, M.J.; Inzlicht, M.; Schmader, T. Stereotype threat and executive resource depletion: Examining the influence of emotion regulation. J. Exp. Psychol. Gen. 2008, 137, 691–705. [Google Scholar] [CrossRef]

	



Gross, J.J.; Richards, J.M.; John, O.P. Emotion regulation in everyday life. In Emotion Regulation in Couples and Families: Pathways to Dysfunction and Health; Snyder, D.K., Simpson, J., Hughes, J.N., Eds.; American Psychological Association: Washington, DC, USA, 2006; pp. 13–35. [Google Scholar] [CrossRef]








[image: Sustainability 16 03384 g001] 





Figure 1. Flow Chart. 






Figure 1. Flow Chart.



[image: Sustainability 16 03384 g001]







 





Table 1. Assessment of risk of bias.
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	Q1.
	Q2.
	Q3.
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	Q5.
	Q6.

*
	Q7.

*
	Q8.

**
	Q9.
	Q10.

***
	Q11.
	Q12.
	Q13.

****
	Q14.
	Quality Rating





	Harris and Nass, 2011 [50]
	Y
	Y
	Y
	N
	N
	N
	N
	Y
	Y
	NA
	CD
	CD
	NA
	N
	Poor



	Harris, 2011 [70]
	Y
	Y
	Y
	N
	N
	N
	N
	Y
	Y
	NA
	Y
	NA
	NA
	Y
	Fair



	Jeon, 2012 exp2 [71]
	Y
	Y
	Y
	Y
	Y
	N
	N
	N
	Y
	NA
	Y
	NA
	NA
	N
	Fair



	Jeon et al., 2015 [72]
	Y
	Y
	Y
	Y
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	N
	N
	N
	Y
	NA
	Y
	CD
	NA
	N
	Fair



	Watling et al., 2020 [73]
	Y
	Y
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	N
	N
	Y
	N
	NA
	N
	Y
	NA
	Y
	Fair



	Biassoni et al., 2016 [74]
	Y
	Y
	Y
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	Y
	NA
	Y
	NA
	NA
	N
	Fair



	Lazuras et al., 2019 [75]
	Y
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	N
	CD
	N
	N
	Y
	Y
	NA
	Y
	Y
	NA
	Y
	Good



	Parlangeli et al., 2018 [76]
	Y
	Y
	Y
	Y
	N
	N
	N
	Y
	Y
	NA
	Y
	Y
	NA
	Y
	Good



	Van der Zwaag et al., 2013 [77]
	Y
	Y
	Y
	N
	Y
	N
	N
	Y
	N
	NA
	Y
	CD
	NA
	N
	Fair







Note. The quality of included studies was assessed using the National Institutes of Health (NIH) Quality Assessment tool for Observational Cohort and Cross-Sectional Studies (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools; accessed on 20 September 2022). Q1. Was the research question or objective in this paper clearly stated? Q2. Was the study population specified and defined? Q3. Was the participation rate of eligible persons at least 50%? Q4. Were all the subjects selected or recruited from the same or similar populations (including the same period)? Were inclusion and exclusion criteria for being in the study prespecified and applied uniformly to all participants? Q5. Was a sample size justification, power description, or variance and effect estimates provided? Q6. For the analyses in this paper, were the exposure(s) of interest measured before the outcome(s) being measured? Q7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it existed? Q8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or exposure measured as a continuous variable)? Q9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants? Q10. Was the exposure(s) assessed more than once over time? Q11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study participants? Q12. Were the outcome assessors blinded to the exposure status of participants? Q13. Was the loss to follow-up after baseline 20% or less? Q14. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)? Q: question; CD: cannot determine; NA: not applicable; N: no; Y: yes; *: For cross-sectional analyses, the answer to Questions 6 and 7 should be “no”; **: If there are only two possible exposures (yes/no), then this question should be given an “NA”, and it should not count negatively towards the quality rating; ***: Cross-sectional studies do not assess the exposure(s) more than one time, because of their nature; ****: Cross-sectional studies do not require a follow-up.
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Authors, Year

	
Country

	
Sample Details

	
Assessment of ER

	
Assessment of Other Variable

	
Results




	

	
N

	
Mean Age (SD)

	
Gender

	

	






	
Harris, 2011 [70]

	
USA

	
112

	
20.9 (1.7)

	
50% F

	
AdHoc_Q

	
-

	
The use of reappraisal strategies significantly reduced negative emotions, in contrast with the use of suppression strategies or the absence of any type of regulation.




	
Jeon, 2012 [71]

	
USA

	
30

	
20.9

	
46.66% F

	
AdHoc_Q

	
NASA—TLX

SA

Questionnaire

	
Angry drivers committed more errors and violations than those in a neutral state and also showed higher speeding, overconfidence risk underestimation, and lower levels of context awareness.




	
Jeon et al., 2015 [72]

	
USA

	
60

	
20.2 (1.2)

	
40% F

	
AdHoc_Q

	
NASA-TLX

	
ER or SA voice prompts improved both the driver’s context awareness and driving performance and reduced anger and perceived workload.




	
Watling et al., 2020 [73]

	
Australia

	
137

	
19.75 (2.89)

	
58.39% F

	
Adhoc_Q

	
ESS

ISI

CASQ

STQ

	
Both age and impaired ER due to sleepiness were associated with risky behaviours, as well as shorter sleep duration and higher levels of impaired cognitive function.




	
Biassoni et al., 2016 [74]

	
Italy

	
44

	
23.32 (1.91)

	
54.5% F

	
POMS

	
-

	
Angry participants committed violations, honked, and swore more frequently, but cognitive reappraisal decreased the number of violations.




	
Lazuras et al., 2019 [75]

	
UK

	
409

	
21.18 (2.12)

	
65.5% F

	
ERQ

	
ABIS

NEO-PI (5 items)

SSRQ

DBQ

	
Impulsivity is associated with driving violations and errors, while sensation-seeking is directly associated with errors. Both have significant indirect effects on committing errors, but self-regulation has a protective effect in this regard.




	
Parlangeli et al., 2018 [76]

	
Italy

	
490

	
-

	
46% F

	
ERQ

	
DBQ (13

items)

M-DBQ (4

items)

ImpSS Scale

	
Impulsivity was positively correlated with suppression strategies and not with reappraisal; females engage in safer driving behaviors and have poorer sensation-seeking compared with males, but they do not differ in impulsive behaviours; sensation-seeking and impulsivity were positively correlated with dangerous driving behaviors and negatively correlated with hazard perception. Females tend to use reappraisal strategies to manage emotions while driving, but males prefer emotional suppression strategies, also preferred by younger drivers, while, as age increases, a greater use of reappraisal emerged.




	
van der Zwaag et al., 2013 [77]

	
Netherlands

	
28

	
21.7 (1.3) M

21.3 (0.4) F

	
50% F

	
UMACL

	
RSME

	
Music change has a positive effect on the driver’s mood by dampening its intensity. Abrupt music change is associated with a lower skin conductance (less activation), greater facial corrugator muscle tension (sad expression), and fewer crashes in the simulation and seemed to be more functional in regulating mood while driving, improving driving performance, and promoting safer behaviours.








Note. ABIS: Abbreviated Impulsiveness Scale; AdHoc_Q: Ad Hoc Questionnaire; CASQ: Cleveland Adolescent Sleepiness Questionnaire; DBQ: Driver Behaviour Questionnaire; ER: Emotion regulation; ERQ: Emotion Regulation Questionnaire; ESS: Epworth Sleepiness Scale; F: Female; ImpSS: Impulsive sensation-seeking; ISI: Insomnia Severity Index; M: Male; M-DBQ: Modified Driver Behaviour Questionnaire; NASA-TLX: NASA Task Load Index; NEO-PI: NEO Personality Inventory; Ot: Other; POMS: Pr