
Driving to the Conditions  i 

 

 

 

 

 

 

Driving to the Conditions: Driver Behaviour in Youths 

 

 

 

Liam Kettle 

(8143644) 

 

 

 

 

 

 

Thesis submitted in fulfilment of the requirements for the degree of Master of Science 

 

 

 

 

University of Otago, Dunedin, New Zealand 

 

April 2020 

  



Driving to the Conditions  ii 

 

Abstract 

Young drivers under 25 years are overrepresented in road fatalities and serious 

injuries worldwide. Past studies have identified that being male and having higher levels of 

sensation seeking, risk-taking, and self-perceived skill contribute to riskier youth driving 

behaviours. However, evidence for these risk factors derives from research on driving 

behaviours in optimal weather conditions. The current study had two primary aims: (1) to 

examine how drivers adjust their average speed to suit the environmental condition and, (2) 

to examine the extent to which various, widely-used self-report measures (including the 

Driver Behaviour Questionnaire, Dula Dangerous Driving Index, Driver Skill Inventory, and 

Sensation Seeking) can predict average speed behaviour along Straight and Curve segments 

in sunny and foggy weather conditions. The reliability of performance measures in the 

simulator over time was also explored. Sixty-nine participants were administered the self-

report measures (Phase One) and completed four experimental simulator drives across a 

further two sessions, conducted at least four days apart (Phase Two). These simulator drives 

required participants to navigate Straight and Curve tasks at varying speed limits (50 km/h, 

80 km/h, and 100 km/h) under both sunny and foggy conditions. Results showed that average 

speed behaviour was reliable over time and participants reduced their speed in foggy 

conditions. Although known risk factors predicted average speed in sunny conditions, a 

different set of risk factors predicted driver behaviours when driving in poor visibility, 

thereby questioning the generalisability of risk factors contributing to dangerous driving 

across conditions. Furthermore, while sensation seeking explained variance in behaviours in 

optimal weather, mental lapses predicted faster average speeds in higher speed zones in foggy 

conditions. Overall, these findings indicate that when creating effective road safety strategies 

to reduce the likelihood of road fatalities and serious injuries in young drivers, multiple 

factors beyond the known risk factors should be considered. 
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Chapter 1 Driving to the Conditions: Driver Behaviour in Youths  

Road transport safety is of major concern globally, especially with the high number of 

road-related fatalities and serious injuries (International Transport Forum, 2018; World 

Health Organisation, 2018). Within New Zealand, 3300 road-related fatalities have occurred 

in the 10-year period from 2009 – 2018 (Ministry of Transport, 2019a), with an average 

social cost per fatality of $4.34 million as of 2018 (Ministry of Transport, 2019b). Although 

road safety within New Zealand is continually developing, for example, the Vision Zero 

policy (Ministry of Transport, 2019c), one person is still dying on average each day on New 

Zealand’s roads with another injured every hour (Ministry of Transport, 2019d). 

Young drivers aged 15-24 are overrepresented across road collision fatalities and 

serious injuries, comprising 24% of fatal crashes in 2018 (Ministry of Transport, 2019c), but 

only 13% of licenced drivers (New Zealand Transport Agency, 2015). This 

overrepresentation of young drivers is not isolated to New Zealand; young drivers are 

overrepresented in driving-related fatalities globally (World Health Organisation, 2007). 

Within the young driver population, drivers are more at risk of having a crash in their first 

year of driving solo than during any other age point (Lewis-Evans, 2010; McCartt et al., 

2009; New Zealand Transport Agency, 2019a). Furthermore, Lewis-Evans (2010) found that 

the lowest level of crash involvement for young novice drivers was during the learner phase 

of New Zealand’s Graduated Driver Licencing System (GDLS), which requires constant 

supervision by an individual holding a full licence for more than two years. McCartt et al. 

(2009) supports that age and experience have independent effects on crash involvement and 

further suggests that the effect of age on crash risk is related to the individuals’ opportunity 

for and attitudes towards risk-taking behaviours. That is, as younger individuals progress 

through the GDLS, they can eventually drive solo, enabling those who have positive attitudes 

towards risk the opportunity to engage in more risk-taking behaviours. Furthermore, young 
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drivers lack the experience that drivers older than 25 years gain from repeated driving 

exposure, i.e., as young individuals have less exposure to diverse driving situations, 

compared to older drivers, they may not be fully aware of the risks they are taking while 

driving. As risk-taking tendencies decrease with age (Rolison et al., 2013; Martinussen et al., 

2014), this could explain why in New Zealand individuals over the age of 25 can apply for a 

full driver’s licence after six months of gaining their restricted licence rather than 18 months 

as is the standard required for younger drivers.  

Similarly, young drivers may lack exposure to differing environmental conditions 

whilst driving. Within New Zealand, and especially in the South Island, the environment 

provides a diverse range of conditions such as sun, snow, rain, and fog. These conditions 

reduce the drivers’ on-road visibility and, subsequently, drivers are required to adapt quickly 

to the changing conditions. For example, during suboptimal weather conditions, visibility is 

reduced and road cues such as upcoming corners become less conspicuous, thus increasing 

the risk of collision (Das et al., 2018). Accordingly, the New Zealand road code indicates that 

when environmental conditions impair visibility, individuals must adjust driving to the 

conditions rather than adhere to the posted speed limit signs to stay safe. However, young 

drivers who lack experience to changing conditions may not alter their behaviour 

appropriately.  

Effective preventive strategies to ultimately reduce youth road fatalities should ideally 

be supported through empirical evidence. However, the factors that contribute to crashes are 

very complex. In New Zealand, the Safe System approach to road safety is designed to 

reduce crash and injury risk through multiple pillars such as safer roads, speeds, vehicles, and 

road users (Safer Journeys, n.d.). This approach acknowledges that drivers are fallible and 

vulnerable, and that all stakeholders need to take responsibility to improve all parts of the 

system holistically. Focusing on the road users pillar in the context of drivers under 25 years 
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old, research examining risk factors that contribute to unsafe driving in young drivers and 

how they adapt to different environmental conditions is vital to improve understanding of 

why young drivers engage in aberrant driving. 

Measuring Driver Behaviour 

An important aspect required for understanding road transport safety is examining 

driver behaviour. However, driving behaviour is extremely complex and necessitates a wide 

array of measurement instruments. In particular, researchers can administer self-report 

questionnaires, and observe on-road vehicles and simulated driving to understand how drivers 

behave under different conditions. Each approach to measuring driver behaviour has its own 

strengths and weaknesses. 

Self-report measures are the most cost-effective instrument to measure driving-related 

behaviours and consequences as well as being the easiest to implement (Taubman – Ben-Ari 

et al., 2016). Generally, self-report measures can be administered to a large number of 

individuals such as the Langley et al. (2012) study that recruited 3992 participants over a 

two-year period combining self-reported driving behaviours and official driving data (e.g., 

officially recorded crashes) in contrast to on-road instrumental vehicle studies, which 

typically use much smaller samples (e.g., Foss & Goodwin, 2014). Additionally, the high 

number of participants recruited contributes to the creation and validation of various self-

report measures to assess driving-related and personality characteristics. Commonly used 

self-report measures are the Driver Behaviour Questionnaire (DBQ), the Dula Dangerous 

Driving Index (DDDI), and the Driver Skill Inventory (DSI). 

Driver Behaviour Questionnaire  

The DBQ is a self-report measure and one of the most widely used questionnaires in 

driving behaviour research (Reason et al., 1990). The DBQ is a multi-dimensional instrument 

that measures individuals’ self-reported frequency of different classes of aberrant driving 
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behaviour generally over a two-year period. Originally the DBQ contained 50 items factoring 

into three primary classes: Errors, Lapses, and Violations. Errors assess the unintentional 

failure of planned actions towards a desired outcome (e.g., hitting something when reversing 

that the driver had not previously seen). Lapses assess unknowing deviations of action from 

intent (e.g., a driver setting out to drive to a specific location but eventually realise they are 

en route to somewhere else). Violations assess deliberate deviations from safe driving 

practices (e.g., disregarding the speed limit; Reason et al., 1990). Several versions of the 

DBQ exist with varying numbers of items and either three or four classes of behaviour. DBQ 

versions that identify four classes of behaviours typically separate Violations into Ordinary 

Violations and Aggressive Violations. Ordinary Violations involve deliberately breaking road 

rules without aggressive motives, whereas, Aggressive Violations describe overtly belligerent 

acts such as tailing or chasing another driver after becoming angry as a consequence of their 

behaviour or actions (Lawton et al., 1997).  

Dangerous driving behaviour is often correlated with the Violations subscale of the 

DBQ. When administering the DBQ in conjunction with simulated and on-road driving 

behaviour, Helman and Reed (2015) found moderate positive correlations between the 

Violations subscale and objective speed measures. Neither the Errors nor Lapses subscale 

showed any meaningful correlations with average speed behaviours in both simulated and on-

road driving. Similar patterns of DBQ subscale correlations with observed speed behaviours 

are consistently found across research (de Winter, 2013; Erkuş & Özkan, 2019; Zhao et al., 

2012) suggesting that DBQ Violations are a better indicator of dangerous driving behaviour 

than the Errors and Lapses subscales. One reason for this consistency may be due to Errors 

and Lapses being unintended acts, which the individual may not be aware of, in contrast to 

deliberate unsafe behaviour. 
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Driver Skill Inventory  

Another self-report measure is the DSI. The DSI is a multi-dimensional questionnaire 

that measures self-reported Motor skills and Safety skills compared with other drivers across 

different situations (Lajunen & Summala, 1995). Motor skills relate to motor control 

including car-handling and technical driving ability; whereas, Safety skills relate to safe 

driving practices and crash avoidance skills. Rather than asking participants to recount a 

frequency of specific driving behaviours, which the DBQ measures (e.g., “attempt to 

overtake someone that you had not noticed was signalling a right turn”), the DSI focuses on 

the individuals’ perceived skill in more general situations (e.g., “adjusting the speed to the 

conditions”). This difference concerns the way drivers are asked to assess their driving 

behaviour such that researchers can focus on how individuals perceive their driving ability 

through the DSI compared to a frequency estimation of specific behaviours. 

Administering the DSI in conjunction with the DBQ can identify four sub-groups of 

drivers. In particular, Martinussen et al. (2014) administered these two questionnaires to 3908 

drivers aged 18-84 years and identified four distinct sub-groups that differed in frequency of 

aberrant driving behaviour and driving skills. Those who reported high levels of Motor skills 

and low levels of Safety skills tended to report higher frequencies of DBQ Violations. In 

contrast, those who reported high levels of both Motor and Safety skills tended to report the 

lowest frequency of Violations. Similar patterns were found for traffic offence rates, yet no 

differences were found on recorded crashes (Martinussen et al., 2017a). The lack of 

differences found for recorded crashes could be due to vehicle crashes being relatively rare 

events. These results suggest that self-perception of Safety skills has an inverse relationship 

with risky driving behaviour, whereas Motor skills do not present any relationship. The 

suggested influence of Safety skills is demonstrated through nationally competitive race car 

drivers in America who are considered to have exceptionally good vehicle motor control 
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ability, yet have greater number of crashes and speeding violations than normal drivers in a 

matched-comparison group (Williams & O’Neill, 1974). Although these studies did not 

differentiate between age groups, the mean age was significantly younger for individuals 

reporting high Violation frequencies and low Safety skills than any other self-report 

combination.  

Dula Dangerous Driving Index 

A third driving-related self-report measure is the DDDI. The DDDI is a commonly 

used questionnaire that assesses individuals’ propensity for dangerous driving across three 

subscales: Aggressive Driving, Risky Driving, and Negative Emotion (Dula & Ballard, 2003). 

Aggressive Driving assesses individuals’ deliberate acts intended to annoy or irritate other 

drivers (e.g., flashing headlights). Negative Emotion assesses the individuals’ tendency to 

drive while angry or become irritated with other drivers (e.g., losing temper while driving). 

Risky Driving reflects the individuals’ willingness to engage in unsafe driving behaviours 

(e.g., weaving in and out of traffic; Dula & Ballard, 2003). Although the DBQ assesses an 

individual’s tendency to unintentionally and intentionally violate safe driving procedures, the 

DDDI further differentiates intentional violations into the three distinct categories of 

dangerous driving activities and includes more items for each subscale compared with the 

DBQ which includes only three aggressive driving-related questions when using the 

Aggressive Violations factor (e.g., Sullman et al., 2019). 

Individuals’ DDDI scores are correlated with dangerous driving violations. Richer 

and Bergeron (2012) carried out two studies examining the internal validity of the DDDI. In 

their first study, both the DDDI and the DBQ Violations subscale were administered to 395 

participants. All three DDDI subscales and the total DDDI score showed moderate positive 

correlations with DBQ Violations. In the second study, 75 participants completed the DDDI 

and carried out a driving simulation assessing driving behaviours by means of a detailed 
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checklist including behaviours such as speed, tailgating, and dangerous overtaking 

manoeuvres. Risky Driving and total DDDI score were correlated with the aggregate score of 

dangerous driving behaviours and only two constructs (Risky Driving and Negative Emotion) 

and total DDDI score correlated with maximum speed attained in the simulator. These results 

demonstrated the validity of the DDDI in relation to driving violations and certain driving 

behaviours; however, Aggressive Driving was found to correlate with the DBQ Violations 

but not with any simulated driving behaviours. One reason for this may be that individuals 

can self-report engaging in intentional aggressive behaviours such as verbally insulting other 

drivers or flashing their headlights, but cannot engage in many aggressive behaviours within 

a driving simulator; consequently leading to an underrepresentation of aggressive actions. 

Sensation Seeking 

Although not a driving-related measure, the Sensation Seeking (SS) questionnaire 

assesses individuals’ self-reported tendency for “varied, novel, complex, and intense 

sensations and experiences and the willingness to take physical, social, legal, and financial 

risks for the sake of such experiences” (Zuckerman, 1994, p.27). The SS scale was 

continuously developed during its early formation until Zuckerman et al. (1994) created the 

Form V SS questionnaire that became the widely accepted modification. This version is 

comprised of four different constructs including: Boredom Susceptibility, Experience 

Seeking, Disinhibition (also referred to as Impulsiveness), and Thrill and Adventure Seeking 

(Thrill Seeking). Although many modified versions of the SS scale exist, the latter two 

subscales tend to be most closely related to self-reported risky driving (Dahlen & White, 

2006) and have been identified as significantly correlating with work-related driving 

behaviours (Wishart et al., 2017). 
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Limitations of Self-report Measures  

Although cost-effective research tools, self-report questionnaires might be vulnerable 

to social influences, and are thereby, limited in understanding actual driving behaviour 

(Paulhus, 1991). Self-report questionnaires are susceptible to two main biases – memory 

recall and social desirability bias. Memory recall influences the ability of a participant to 

retrieve information, whereas, social desirability influences their response to a questionnaire 

in a manner that portrays them more favourably by others. These biases are considered 

among traffic safety researchers for their implications on the validity of self-report measures, 

yet due to the similarities in potential effects, social desirability is examined more directly. In 

particular, af Wåhlberg (2010) argues that socially desirable responding occurs across all 

self-report measures, providing evidence that the Driver Impression Management scale to 

measure social desirability significantly correlates with the differences between participants’ 

self-reported collision rates and penalties with official records. af Wåhlberg and Dorn (2015) 

further argue that self-reports are unreliable in the context of self-reported mileage, 

violations, and crashes. However, excluding the control sample, the participants were under 

critical observation by police during part of the study, which possibly inflated socially 

desirable responding.  

Conversely, Sullman and Taylor (2010) examined potential influences of social 

desirability on self-reported driving behaviours of 228 university students. The students 

completed the DBQ and Driving and Riding Avoidance Scale (DRAS), assessing individuals’ 

avoidance behaviour for various driving and passenger riding situations, in a public setting 

then a private setting three months later. The location differences ensured that participants 

answered the questionnaires in both a classroom setting surrounded by other participating 

students, the lecturer, and a research assistant, and in their private homes alone with the 

questionnaires void of any personal identification apart from a unique identifier code. 
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Completing the questionnaire three months later lessened the possibility of participants 

recalling their initial answers. Results showed that higher levels of driving avoidance and 

aggressive driving behaviours were reported by participants in public social settings than 

private settings, providing argument for the lack of socially desirable responding. After 

appropriate adjustments using a Bonferri correction, the results showed no significant 

differences on the DBQ or DRAS across locations, which follow Lajunen and Summala’s 

(2003) earlier study concluding that the effects of social desirability responding is relatively 

small between responses made in private and public settings.  

In relation to self-reported driving behaviours to official police records, individuals 

who reported higher frequencies of Violations and lower self-perceived Safety skills were 

more likely to have recorded traffic offenses (Martinussen et al., 2017a). Although no 

relationship was found between self-report measures and recorded crashes, de Winter et al. 

(2018) found that the Violations and SS measures better correlated with near-crashes as 

measured by naturalistic on-road data. These results strengthen the validity of the self-report 

measures using official and naturalistic objective measures; therefore, concluding that self-

report questionnaires do not appear to be largely vulnerable to socially desirable responding.  

Self-report Measures Summary  

Overall, different self-report measures generally correlate with each other. The most 

widely used self-report measure is the DBQ with its Violations subscale showing consistent 

theoretically meaningful correlations with many other self-report measures. In particular, 

individuals who engage in more frequent Violations tend to also be high in SS, report high 

Risky Driving (DDDI) behaviours (Smorti et al., 2018), and perceive their ability to drive 

safely as lower than their peers (Martinussen et al., 2014). Although exploring drivers’ self-

reported behaviour is a cost-effective research tool, administering questionnaires alone 

identifies behaviour-as-imagined, which may differ from behaviour-as-done (Sundström, 
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2008). Thus, to further bolster the evidence of factors correlated with risky driving and 

subsequent crashes, and to validate self-report measures, behaviour must also be observed. 

On-road Driving 

On-road driving measures allow researchers to observe individuals’ real-world 

driving behaviours. These studies involve a range of different methodologies to observe and 

measure behaviour such as naturalistic driving observations, instrumented vehicles that 

objectively record performance measures (e.g., speed) and cameras to unobtrusively observe 

driver behaviours (e.g., Zhao et al., 2012; Risto & Martens, 2014; Helman & Reed, 2015), 

and observers present in the vehicle (e.g., expert driving instructor) to assess behaviour with 

or without feedback to the individual (e.g., Amado et al., 2014). Although the presence of an 

in-vehicle researcher could influence driver behaviour, on-road studies further understanding 

of how drivers behave in real-world and unpredictable settings. 

However, measured alone, on-road studies overlook internal risk factors (e.g., risk-

taking and thrill-seeking tendencies) that influence driver behaviour. To improve 

understanding of why drivers behave in a certain way, various other assessment tools are 

often administered alongside on-road driving measures including self-report questionnaires, 

interviews, and think aloud protocols. As individuals can easily identify their own self-

perceived driving behaviours, self-report questionnaires are commonly administered 

alongside naturalistic driving measures. This combination allows researchers to explore 

factors that guide driving behaviours (Zhao et al., 2013), differentiate high- and low- risk 

drivers, and determine individuals’ odds of collision (Wang & Xu, 2019). For example, 

Burdett et al. (2019) examined mind wandering of 25 participants while driving a 25 km 

urban route, assessed by an accompanied researcher categorising the reported thoughts of 

participants as either driving focused or mind wandering. Results showed that drivers had 

higher frequencies of mind wandering at slower, less complex road segments than faster, 
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more complex road segments. Additionally, one study assessed the ability of the DBQ 

subscales to predict drivers’ risk of a crash or near crash using naturalistic driving data 

(Wang & Xu, 2019). Results showed that for every one-unit increase in Ordinary Violations 

and Aggressive Violations, individuals would multiply their likelihood of being categorised 

as having moderate- or high-risk of a crash/near crash by 6.47 and 9.60, respectively. That is, 

drivers who self-report engaging in higher frequencies of either Aggressive or Ordinary 

Violations are considered to be at much higher risk of crash/near crash than those reporting 

low engagement. 

On-road studies improve understanding of how drivers behave in unpredictable and 

uncontrollable situations. However, this becomes unsafe when examining the direct effect of 

specific variables that reduce driver safety such as the effect of passenger distraction, mobile 

phone use, or adverse environmental conditions. Due to the uncontrollable nature of on-road 

studies, experimental trials cannot be identically repeated across participants, thus, observed 

effects in on-road experiments may be confounded by extraneous variables such as level of 

traffic or changing weather patterns. Additionally, on-road studies that utilize expert drivers 

for collecting data tend to record driver behaviours to a set of subjective driving measures 

(e.g., Amado et al., 2014) and do not provide the magnitude of differing driver behaviour. For 

example, in Mynttinen et al.’s (2009) study, in-vehicle expert examiners used a 5-point scale 

across competence areas that ultimately resulted in a pass or fail for the novice driver, 

indicating whether drivers met a certain criteria rather than the magnitude of aberrant driving. 

Therefore, when examining the effect of specific variables on driver behaviour, objective 

driving measures in a safe and controllable environment should be administered. One such 

objective instrument is incorporating simulator use. 
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Driving Simulators 

Simulators are a useful research tool across many fields. For example, within the 

aviation industry, flight simulators provide pilots the necessary training before flying a plane 

(Lee, 2005). Within road transport, engineers and researchers use driving simulators for 

vehicle design, safety interventions, and examining driver behaviour. Simulators place an 

individual in a virtual environment and allow the individual to reproduce similar behaviour to 

their naturalistic behaviour. For driver training, research support learning to reduce errors in a 

simulator translates to safer driving (Ivancic & Hesketh, 2000), as well as reduces future 

traffic offence rates (Hirsch & Bellavance, 2017); however, the efficacy of simulators as 

driver training tools is still open to debate (Martín-de los Reyes et al., 2019).  

Researchers gain many benefits from using driving simulators to measure driver 

behaviour. Driving simulators allow researchers a cost-effective way to objectively measure 

repetitive and identical events in a safe environment (de Winter et al., 2012). Researchers can 

program simulators to administer certain critical events (i.e., a car pulling out of a side road) 

to all participants at the same point in time, allowing an increased level of control of the 

experimental procedure within the study compared to the unpredictable nature found within 

on-road studies. Additionally, simulators can display simulated weather conditions such as 

fog without risk of harm to participants, though many simulators are not capable of 

simulating rain and the associated wet road conditions. Recording accurate behavioural data 

in safe environments is beneficial when examining target populations such as post-stroke 

adults (Blane et al., 2018), individuals diagnosed with ADHD (Fabiano et al., 2018), 

professional drivers (Erkuş & Özkan, 2019), or young drivers (Konstantopoulos et al., 2010). 

Compared to on-road driving research, low- and medium-fidelity simulators are cost-

effective as researchers do not need to obtain further external resources (e.g., expert drivers 

or instrumented vehicles) to carry out the study. These benefits are crucial for studies 



Driving to the Conditions  13 

 

designed to examine various driver behaviours in a controllable environment without the 

need to conform to road safety regulations, especially when manipulating driver distractions. 

However, driving simulators do have limitations. 

There are two main driving simulator limitations. Firstly, some individuals may be 

prone to simulator sickness whereby the incongruence between being stationary yet moving 

within the simulator causes physical discomfort (Groen & Bos, 2008). This unfortunately 

limits who can participate in simulator studies as those who experience simulator sickness 

may not behave as they normally would during on-road driving to reduce discomfort. 

Generally, males and individuals older than 65 years are more susceptible to experiencing 

simulator sickness, with females more likely to experience severe headaches and nausea than 

males (Keshavarz et al., 2018; Nikkar et al., 2019). On average, approximately 14% of 

individuals drop out due to severe simulator symptoms, though this can range between 0-71% 

depending on simulation specific factors such turning, stopping, and curves which increase 

the discrepancy between vestibular and visual perceptions (Balk et al., 2013). However, for 

those who complete driving simulations, reporting higher simulator sickness symptoms 

predicted lower average speed (Helland et al., 2016), indicating that individuals who 

experience severe symptoms alter their simulated driving behaviours. Consequently, 

observing simulated driving behaviours of individuals experiencing severe simulator sickness 

symptoms may not reflect their actual on-road driving behaviours. 

Secondly, there is suggestion that driving simulators may not have ecological validity; 

that is, driving simulators may not accurately exhibit the real-world environment (de Winter 

et al., 2012). One way to validate driving simulators is to compare individuals’ driving 

behaviour in simulators to their actual on-road driving behaviour. This method assesses two 

forms of validation – relative validity and absolute validity. Relative validity occurs when the 

simulator results exhibit similar observed patterns as on-road driving; in comparison, absolute 
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validity occurs when the simulator values match those on-road driving values recorded from 

in-vehicle data in absolute terms (Mullen et al., 2011). For example, if a driver significantly 

reduced their driving speed due to impaired visibility in both simulator and on-road driving 

then relative validity is achieved; however, if the speed values significantly differed then 

absolute validity is not achieved. Due to this difference, absolute validity is less likely to 

occur than relative validity would. 

Across all driving simulators, various driving behaviours have achieved a mixture of 

relative and absolute validity. Driving behaviours shown to achieve validity include actual 

and perceived speed (Hussain et al., 2019), headway distance (Risto & Martens, 2014), 

hazard perception (Underwood et al., 2011), and driver control such as speed maintenance 

(Meuleners & Fraser, 2015) and lane maintenance (Shechtman et al., 2009). However, 

validity in one simulator may not translate to validity in another simulator (Wynne et al., 

2019). Validation studies tend to examine different specific performance measures rather than 

a consistent set of behaviours, making it harder to provide stronger support for validation of 

particular driving behaviours in simulators. For example, one study may focus on actual 

speed in one type of simulator whereas a different study may examine headway distance 

alone in another simulator with no consideration of speed. Therefore, due to the nature of 

simulator validation studies, some caution is required when extrapolating conclusions from 

other driving simulators. 

The validity research discussed earlier used various simulators and only two 

examined validation in the STIMSIM DRIVE® 3 software used in the current study (i.e., 

Hussain et al., 2019; Schechtman et al., 2009). Most recently, Hussain et al. (2019) recruited 

94 participants to assess the validity of speed perception, via self-report, and actual speed in a 

driving simulator configured with STISIM DRIVE® 3 software compared to on-road driving 

behaviours. To assess speed perception, speed estimates at four speeds (50, 70, 80, and 100 
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km/h) under two conditions (speedometer revealed and speedometer hidden) were collected. 

Actual speed was assessed through comparisons between in-vehicle camera and GPS 

recordings and simulator observations. Similar significant trends were shown for estimated 

speed and actual speed, indicating relative validity for both measures. Additionally, speed 

perception for all requested speeds with the speedometer hidden and only for the requested 

speed of 80 km/h with the speedometer revealed indicated absolute validity. In consideration 

of the two STIMSIM DRIVE® 3 validation studies, speed performance within the simulator 

is an accurate measure of relative speed in naturalistic settings. 

Despite research demonstrating relative validity of simulators, there is surprisingly a 

lack of research examining the reliability of simulator performance measures over time. 

Examining test-retest reliability of performance measures ensures individuals’ behaviours are 

reliable over repeated simulations and not prone to practice effects. In a pilot study, 27 

individuals engaged in three simulator sessions to examine test-retest reliability of average 

speed, lane maintenance, and time-to-collision (Irwin et al., 2013). The first and second 

session was separated by five hours and the third session was further separated by seven days 

to ensure behaviours were consistent across multiple time points. Results demonstrated no 

significant differences between the three time periods indicating that the performance 

measures were reliable over time. Additional studies that explored test-retest reliability tend 

to focus on repeated measures separated by much longer time periods of at least two months 

up to over a year, similarly finding no significant average speed differences over time 

(Akinwuntan et al., 2009; Marcotte et al., 2003).  

Although there is a low number of studies examining test-retest reliability of 

performance measures, research examining the effects of route familiarisation over multiple 

sessions indicate reduced driving performance. In particular, repeatedly driving a familiar 

route in a driving simulator can lead to increased mind-wandering and inattention in drivers 
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(Yanko & Spalek, 2013), increased average speed across sessions (Charlton & Starkey, 

2013), and reduced eye-fixation times for traffic signs and road markings (Martens & Fox, 

2007). These familiarisation results imply that individuals alter their driving behaviour when 

carrying out multiple identical driving simulations. However, these effects may not apply to 

non-identical scenarios. Furthermore, the low number of empirical studies examining test-

retest reliability of simulator performance measures spanning more than a few hours suggests 

a gap in driving simulator research. Further examining this gap will increase researchers’ 

confidence in administering multiple driving simulator sessions over time periods. Although 

this gap exists, previous literature supports the use of driving simulators in research as a 

beneficial tool to measure driving behaviour. 

Although simulator correlations with on-road driving (instrumental or observational) 

are desirable, sometimes these studies are not feasible. Therefore, researchers can correlate 

simulator behaviour with self-report measures to further understand driver behaviour. Due to 

the controllable and safe nature of driving simulators, researchers can recruit individuals who 

would be considered unsafe drivers. For example, de Winter (2012) observed 321 pre-

licensed individuals’ behaviours within a driving simulator then administered the DBQ 

approximately three years later to determine whether behaviour within the simulator could 

predict future driving. Individuals who engaged in more violations and higher speeds in the 

simulator predicted self-reported DBQ Violations three years later. Additionally, Bergeron 

and Paquette (2014) found that individuals who self-reported driving under the influence of 

cannabis had a more risky driving style within driving simulator tasks including engaging in 

higher maximum speeds and reckless driving. 

Relationships between behaviours observed within a simulator and self-report 

measures are also found for licenced and sober drivers. In particular, Erkuş and Özkan (2019) 

examined whether 78 young males could predict their driving skills and behaviours using the 
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DSI and DBQ as part of a simulator study. The results showed that lower Safety skills and 

higher Motor skills significantly predicted faster speeds across urban, rural, and intercity 

roads in the simulator drive. Additionally, Ordinary Violations were positively correlated 

with speeding behaviour, yet Aggressive Violations showed no correlations. These results are 

similar to previous research supporting that higher frequencies of self-reported Violations are 

correlated with low Safety skills and high Motor skills (Martinussen et al., 2014), suggesting 

that individuals who perceive their driving abilities as strong yet focus less on safety are at 

greatest risk of driving-related consequences such as speeding fines. Additionally, previous 

research supports dangerous driving behaviours such as high speed can be predicted by the 

DDDI (total score and the Risky Driving and Negative Emotion subscales; Richer & 

Bergeron, 2012) and the Violations subscale of the DBQ (Helman & Reed, 2015).  

Driving Simulators Summary 

Upon review of the current simulator literature, using driving simulators alongside 

self-report measures has expanded researchers’ ability to identify individuals who drive 

dangerously. Generally, individuals who self-report engaging in higher frequencies of 

aberrant and aggressive driving (as measured by the DBQ and DDDI) and report lower Safety 

skills are consistently identified as high-risk individuals. However, past studies generally 

correlate simulator behaviours with one or two self-report measures (e.g., DBQ and DSI), 

neglecting to consider, and possibly overlooking, other interacting factors such as SS and 

risk-taking tendencies. Transport research using these different methodologies together have 

established a range of risk factors that identify drivers who are more likely to engage in 

reckless driving. 

Risk Factors of Aberrant Driving 

Risky driving behaviour increases individuals’ likelihood of vehicle collision, injury, 

and fatality (de Winter & Dodou, 2010). A significant research base acknowledges five major 
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behavioural contributors to vehicle collision fatalities, known as the ‘Fatal Five’ – failure to 

wear restraints, distraction, fatigue, driving under the influence of drugs and/or alcohol, and 

speeding (Harbeck, et al, 2018; Salmon et al., 2019). The latter is considered the single 

biggest road safety issue within New Zealand (New Zealand Transport Agency, 2019b), and 

contributed to between 19 – 40% of road fatalities across New Zealand (Ministry of 

Transport, 2018), Australia (Budget Direct, 2019; Transport for New South Wales, 2019), 

and the United Kingdom (Department of Transport, 2019). Drivers’ speed is found to directly 

influence crash occurrence and severity with a 1% change in average speed leading to an 

approximately 3% change in severe crash risk, and 4% change in fatal crash risk (Nilsson, 

1982). Although more recent evidence suggested different risk percentage changes, the 

differences were small and ultimately concluded that increased average speed will 

significantly increase the risk and severity of collisions (Elvik, 2013). Researchers 

acknowledge the potentially fatal impacts of inappropriate and excessive speeding behaviours 

and suggest that demographic characteristics, psychosocial factors, and environmental factors 

influence drivers’ average speed behaviours (Oltedal & Rundmo, 2006; Rosey et al., 2017). 

Demographic Characteristics 

Three demographic characteristics are commonly correlated with risky driving 

behaviours such as speeding – age, experience, and gender. Researchers have consistently 

identified these factors as significantly correlating with self-reported and actual driving 

behaviour (Mueller & Trick, 2012; Zhao et al., 2012). Additionally, these correlations are 

consistent across many countries such as Australia (Martinussen et al., 2017a), Canada 

(Richer & Bergeron, 2012), China (Qu et al., 2014), and Iran (Rahemi et al., 2017). 

Age. 

Since early literature, young drivers are commonly associated with engaging in more 

road violations than older drivers. In one study, Parker et al. (1995) administered the DBQ to 
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over 1600 individuals and found significant negative correlations between age and self-

reported Violations, with individuals aged 17-25 years reporting the highest frequencies. 

These age patterns remain consistent in more recent studies as younger drivers tend to report 

higher aggregate scores for the DDDI (Richer & Bergeon, 2012), as well as higher SS 

tendencies (Riendeau et al., 2018). 

Similar to self-report studies, younger individuals tend to engage in more dangerous 

driving behaviours exhibited through driving simulations and on-road driving. In a study that 

examined self-reported DBQ Violations in conjunction with on-road driving behaviour, Zhao 

et al. (2012) found that not only did younger drivers self-report higher frequency of 

Violations, but those reporting more Violations also exhibited higher average speed, higher 

frequencies of sudden accelerations, and poorer lane maintenance. Similar age-related 

patterns were found for average speed and lane maintenance when driving in a simulator (van 

Huysduynen et al., 2018).  

Experience.  

The similar patterns for age and experience in studies with broad age ranges (Qu et 

al., 2014; Richer & Bergeron, 2012; Sullman et al., 2019) suggest the two factors are highly 

correlated and therefore implies they can be substituted with one another. Driving experience 

can be considered as the number of years driving after licensure (Mueller & Trick, 2012), or a 

driving-related profession (Konstantopoulos et al., 2010; Li et al., 2015). However, 

substituting age with experience conflates novice drivers with young drivers, so it is 

important to measure age and experience separately, especially when focusing on specific age 

populations such as young drivers (i.e., those aged 16 – 24 years) as age and experience 

differs within these sub-populations (Mueller & Trick, 2012). Furthermore, McCartt et al. 

(2009) found that age and experience have independent effects across previous studies, yet 

the relative contribution of each factor towards collision rates were inconsistent. In general, 
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drivers over 21 years old have lower crash rates than younger drivers, though the largest 

decrements in collision rates occurred within the first several months after driver licensure 

regardless of age (Curry et al., 2017).  

Generally, more experienced drivers engage in safer driving behaviours. For example, 

in one study examining speed hazards across learner, experienced, and professional drivers, 

Crundall et al. (2012) found that drivers with more experience were faster to identify possible 

hazards and spent longer observing critical stimuli that could evolve into an emergency 

situation compared to learner drivers. However, the experienced drivers tended to have higher 

speeds on approach to hazards compared to both learners and professional drivers. Crundall 

et al. (2012) believed that this was due to experienced drivers having better ability to 

anticipate hazards than younger drivers as generally younger drivers tend to have less 

exposure to hazards than older individuals. The participants encompassed a wide range of 

ages and experience tended to coincide with age. However, experience did not account for 

age, overlooking the possible interacting effects of age and experience. Therefore, both age 

and experience should be examined independently within young sample groups where years 

of licensure may differ by several years at the same age. 

Gender.  

Similar to age and experience, research strongly supports gender as significantly 

predicting aberrant driving behaviour and its associated consequences. In general, males 

report engaging in more risky driving behaviour (Ivers et al., 2009, Rhodes & Pivik, 2011), 

report higher SS (Dahlen & White, 2006; Delhomme et al., 2012), and have higher odds of 

collision (Bingham & Ehsani, 2012) than females. As the tendency to drive aberrantly may 

change from week to week, Sârbescu and Maricuţoiu (2019) recruited 91 participants to fill 

out a weekly survey for seven consecutive weeks including measures such as the DBQ, 

Driving Anger Expression Index, and driving experience in the past week. Consistent with 
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the previous research, results showed that males significantly reported higher DBQ 

Violations and aggressive behaviours over the seven-week period; however, no gender 

differences were found for DBQ Errors. Sârbescu and Maricuţoiu (2019) suggest the lack of 

gender differences for Errors is due to driving errors being skill-based which is more related 

to driving experience and exposure rather than gender. Furthermore, driving simulator and 

on-road studies provide a mixture of results. In particular, males tend to have higher average 

speeds in clear weather (Taubman – Ben-Ari et al., 2016) and worse lane-keeping ability in 

foggy weather (Das et al., 2019), yet no gender differences in average speed were identified 

in foggy weather conditions (Li et al., 2015; Yan et al., 2014).  

Demographics Characteristics Summary. 

Overall, demographic characteristics have significant correlations with driving 

behaviour and the subsequent consequences. Younger drivers and those with less driving 

experience tend to engage in higher frequencies of risky driving, increasing the risk of 

collision and other detrimental driving consequences (McCartt et al., 2009; Mueller & Trick, 

2012; Parker et al., 1995). Additionally, identifying as male further increases the risk of these 

outcomes (Ivers et al., 2009; Wickens et al., 2016). However, these factors are not mutually 

exclusive as being a young male increases the individual’s likelihood of undertaking more 

frequent Violations and dangerous driving than if the individual was an older male (e.g., over 

45 years old) or a young female. In particular, Bingham and Ehsani (2012) found that being a 

young male under 19 years old significantly increases the odds of a fatal single vehicle 

collision by 1.4 (95% Confidence Interval [CI; 1.3, 1.5]) compared to young females, by 1.6 

(95% CI [1.6, 1.7]) compared to an adult male, and by 2.0 (95% CI [1.9, 2.1]) compared to an 

adult female. Additionally, young females had increased odds of a fatal single vehicle 

collision in comparison to adult males and adult females. Although there will unlikely be one 

factor that addresses why young male drivers tend to frequently drive more dangerously than 



Driving to the Conditions  22 

 

their counterparts, the underlying mechanisms are suggested to be attributed to a combination 

of psychosocial factors. 

Psychosocial factors 

Many researchers suggest that the driving behaviour differences between age groups 

and genders may result from certain psychosocial characteristics, such as risk-taking 

propensity, sensation seeking (SS), and perceived skill. Although these factors do not explain 

all driver behaviour variation, they do provide significant correlations with different 

behaviour facets.  

Risk-taking Propensity.  

Risk-taking propensity is the tendency for an individual to engage in risky behaviour 

(Jonah, 1986). Risky behaviour can take many forms, including illegally overtaking a vehicle 

on the highway or driving while drunk. Furthermore, an individual’s risk-taking propensity 

can predict self-reported risky driving and drunk driving behaviours (Patil et al., 2006). Patil 

et al. (2006) surveyed 5,352 young adults and examined the correlations between various 

personality-related characteristics and risky driving behaviours. Results showed that greater 

risk-taking propensity, hostility, and aggression significantly predicted self-reported risky 

driving, driving aggression, drink driving, and driving offences including excessive speeding 

and reckless driving. These results support the idea that individuals who have a higher risk-

taking propensity engage in more risky driving behaviours; additionally, that risk-taking 

behaviours are clustered as those who engage in one risky behaviour are more likely to 

engage in multiple behaviours (Antonopoulos et al., 2011). For example, individuals who 

self-reported driving under the influence of cannabis also self-reported driving under the 

influence of alcohol and had higher DDDI Risky Driving scores (Bergeron & Paquette, 

2014). Consequently, those who violate road rules and engage in more risky driving 

behaviours tend to have a higher number of collision involvement (de Winter & Dodou, 



Driving to the Conditions  23 

 

2010) and driving-related infringements (Martinussen et al., 2014). These results provide 

initial support for higher frequencies of dangerous driving in individuals with higher risk-

taking tendencies, which could be linked to SS traits. 

Sensation Seeking.  

Individuals with high SS tendencies generally engage in higher frequencies of risky 

driving behaviours. In one study, Smorti et al. (2018) examined participants’ self-reported SS 

and driving behaviour and found that participants who rated their Thrill Seeking and 

Impulsiveness SS traits as high also reported engaging in higher frequencies of Risky 

Driving; additionally, those who reported high Impulsiveness tended to engage in more 

Aggressive Driving. This pattern is consistent across similar measures as both SS traits 

significantly and positively correlate with Ordinary Violations of the DBQ, and once again, 

only Impulsiveness correlated with Aggressive Violations (Constantinou et al., 2011). 

Furthermore, these correlations also differ between genders and with age, with males and 

younger individuals self-reporting higher SS traits (de Winter et al., 2018; Zhang et al., 

2019). In comparison to additional personality factors such as conscientiousness and hostility, 

SS is persistently a better predictor of self-reported Violations (Schwebel et al., 2006). 

Although these results are from self-report alone, they imply that SS plays a role in an 

individual’s inclination towards aberrant driving. 

Strengthening the notion that SS traits factor into an individual’s tendency to drive 

dangerously, SS correlates with dangerous driving within driving simulators. Eighty-four 

participants were administered questionnaires that included an SS scale and carried out a 

driving simulation (Eherenfreund-Hager et al., 2017). Consistent with previous studies, 

individuals who reported higher levels of SS tendencies generally engaged in more dangerous 

driving behaviours such as spending more time above the speed limit and travelling in the 

opposite lane. Furthermore, Riendeau et al. (2018) found SS tendencies significantly and 
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positively correlated with average speed and speed exceedances as well as SS linking to 

younger individuals and male participants. These results further strengthen support for the 

role that SS has on an individual’s tendency towards engaging in dangerous driving and 

suggests the interacting effect of age, gender, and SS. 

Perceived Skill.  

Differences between individuals’ SS and risk-taking propensity could be due to 

perceived skill. If an individual believed that their driving skills were high then they may 

engage in more risky driving behaviours (Martinussen et al., 2014). For example, if a driver 

believed they had great skill at navigating corners, then they may drive faster than the 

recommended speed around that corner. This behaviour may not be influenced by the 

individual’s SS tendency, but could be more because the driver believes their driving skill is 

appropriate for the level of risk required. Therefore, drivers’ perceived skill could influence 

driver behaviour independently of SS and risk-taking propensity.  

Caution is required when asking drivers about their perceived skill as questionnaires 

typically require comparison with other drivers and responses tend to vary according to who 

individuals compare themselves against. In particular, De Craen et al. (2011) examined 

whether differences in the methodology of asking drivers about their perceived skill and risk 

across different comparison groups influenced responses. Novice drivers completed 

perceived skill questionnaires then underwent an on-road driving assessment examined by a 

professional driver; the order of task completion was counterbalanced to ensure participants’ 

driving behaviour was not influenced by the questionnaire responses. Questionnaire 

responses were compared with self-report evaluations of experienced drivers. The results 

indicated that novice drivers are less optimistic than experienced drivers about their driving 

behaviour when comparing themselves with ‘the average driver’, yet the reverse was seen 

when comparing driving skill with ‘peers’. More specifically, only 32% of novice drivers 
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responded to being a better driver than ‘the average person’ compared to 51% of experienced 

drivers; yet, when compared to their ‘peers’, more novice drivers believed their driving was 

better (49%) and the number of experienced drivers responding similarly dropped to 41%. 

Although differences between novice and experienced drivers occurred, novice drivers still 

rated their driving skill as higher than their on-road driving evaluations. This suggests that 

although different methodology may lead to varying response patterns, novice drivers still 

generally perceive their driving skill as overly optimistic compared to their actual driving 

behaviour.  

Similarly, male drivers are overly positive about their driving ability. In particular, 

males have more confidence in their Motor skills than females, and are more likely to be 

categorised as violating unsafe drivers (Martinussen et al., 2014). When comparing 158 male 

participants’ self-evaluations of their on-road driving behaviour to experienced driver 

instructor observations, Amado et al. (2014) found low to moderate correlations between 

drivers’ evaluations and the expert drivers’ evaluations for driving errors, and speed and 

traffic light violations. Additionally, the participants tended to rate their own driving 

performance higher than expert judgement, suggesting that male drivers are overly optimistic 

about their driving ability. However, having high self-perception of driving skill may 

contribute to unsafe driving as individuals who have higher confidence in their Motor skills 

uniquely explained higher self-reported average speed while driving within a city and 

between cities (Sümer et al., 2006).  

Psychosocial Factors Summary. 

Overall, research demonstrates that psychosocial factors are correlated with aberrant 

driving behaviour. In particular, more frequent risk-taking, higher SS and perceived skill are 

all independently and significantly correlated with more dangerous driving behaviours, 

therefore, increasing the likelihood of a collision. However, these factors are not mutually 
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exclusive as they tend to interact with one another. Unsafe driving is complex, and as such 

requires multiple factors to explain the different facets of driving behaviour (Dahlen & 

White, 2006). For example, the interactive effect of SS with risk-taking tendencies and self-

perceived collision likeliness accounted for 39% of the variance in 159 young students’ self-

reported speeding behaviours (Machin & Sankey, 2008). Additionally, young male drivers’ 

self-perception of their driving skill is inconsistent with their behaviour within driving 

simulators, yet these inconsistencies are shown to be influenced by the interaction between 

driving skill, experience, and SS tendencies (Martinussen et al., 2017b). Therefore, to 

understand the complexity of unsafe driving, consideration of various interacting factors is 

required. 

Environmental factors 

External to demographic and psychosocial factors, various environmental conditions 

such as glare from sun, rain, or foggy weather influences driver behaviour and risk of 

collision (Kilpeläinen & Summala, 2007). These factors can alter the road conditions (e.g., 

slippery roads) and/or impair drivers’ visibility, reducing the driver’s ability to see ahead of 

them. As such, researchers have examined the effects of impaired visibility on driver 

behaviour. In an early explorative study examining visual search patterns between day, night, 

and rainy weather, the results indicated that poor visibility conditions decreased the 

effectiveness of drivers’ visual search (Konstantopoulos et al., 2010). Similarly, simulated 

foggy weather tends to influence driver behaviour. With regards to speeding, drivers tend to 

decrease their speed when driving with impaired visibility (Brooks et al., 2011). Evaluating 

individuals’ speed choice within simulated foggy conditions, Brooks et al. (2011) observed 

that only when visibility decreased from 178 m to 18 m did participants significantly reduce 

their speed, from 90.2 km/h to 82.9 km/h, respectively. Similar speed reduction patterns are 

observed when drivers have 30 m visibility (Rosey et al., 2017) and up to 50 m visibility 
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(Yan et al., 2014), suggesting that only when visibility is drastically reduced will drivers alter 

their speeding behaviour.  

Though there is ample research exploring the effect of visibility on overall average 

speed, research observing individuals’ speeding behaviour when manoeuvring curves is 

lacking. Driving around a curve is a complex task as individuals need to consider their speed, 

lane position, and motor control in relation to the curve depth (Reymond et al., 2001), and 

requires additional mental resources to adapt their driving behaviour in foggy weather. The 

limited research examining this behaviour demonstrates varying behavioural adaptions. In 

particular, on approach to an S-curve (i.e., a curve with two bends), participants had lower 

average speeds in heavy fog (50 m) compared to light (250 m) and no fog conditions (Li et 

al., 2015). Yet, within the curve, speed in both fog conditions were consistently higher than 

clear, visible conditions. These results suggest that impaired visibility, through means of 

foggy weather, tends to alter drivers’ behaviour, and therefore, risk of collision in dynamic 

ways. 

Current Study 

The current study is designed to investigate whether young New Zealand drivers aged 

under 25 years adapt their average driving speed behaviour to the environmental conditions 

and whether speeding behaviour across environmental conditions can be predicted. More 

specifically, the primary objectives are to examine whether drivers adapt their average 

driving speed behaviour along straight and curve segments to sunny and foggy conditions and 

whether various self-reported measures (such as the DBQ, DSI, DDDI, and SS) can predict 

average speed along straight and curved segments in three different speed zones (50 km/h, 80 

km/h, and 100 km/h). In a secondary objective, the driving simulator experimental drives will 

occur across two time points (Time 1 and Time 2) to examine test-retest reliability of 

performance measures in the simulator.  
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Considering the questionnaires, the first hypothesis is that higher scores on the DBQ 

Ordinary Violations subscale will significantly correlate individually with more driving 

experience (years licensed), higher Risky Driving scores on the DDDI, higher overall SS 

tendencies, and higher Motor skills and lower Safety skills of the DSI (Martinussen et al., 

2014; Richer & Bergeron, 2012; Smorti et al., 2018). Additionally, the second hypothesis is 

that males will score higher for Ordinary Violations, Risky and Aggressive Driving, SS 

tendencies, and lower Safety skills compared to females. 

Comparing Time 1 to Time 2, the third hypothesis is that participants’ simulated 

average speed behaviour across both straight and curve segments will show no significant 

differences. This prediction is designed to provide further test-retest reliability of speed 

performance measures in the STISIM DRIVE® 3 driving simulator allowing future 

researchers to have confidence in simulator use when examining driver behaviours. 

Comparing visibility conditions, the fourth hypothesis is that participants’ average 

speed behaviour will decrease as visibility decreases for both straight and curve segments. 

Additionally, that these behavioural adaptions will differ across the three speed zones. 

Comparing curve depths, the fifth hypothesis is that participants will have lower 

average speed when navigating sharp corners compared to shallow corners.  

When predicting average speed behaviour, the sixth hypothesis is that the 

combination of identifying as male, self-reporting more frequent Ordinary Violations, Risky 

Driving, higher SS tendencies, and lower Safety scores will predict higher average speed on 

the straight segment for both clear and impaired visibility conditions. The seventh hypothesis 

is that the same combination of factors as hypothesis six excluding SS will predict higher 

average speed when manoeuvring curve segments (Brooks et al., 2011; Erkuş & Özkan, 

2019; Martinussen et al., 2014; Rosey et al., 2017; van Huysduynen et al., 2018). 
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Chapter 2 Method 

Design 

The study used a mixed-research design (see Figure 2.1). The between-subjects 

factors were various independent variables provided by the self-report questionnaires. 

Within-subjects factors were speed limit (50 km/h, 80 km/h, and 100 km/h), curve depth 

(sharp and shallow), curve direction (left and right), simulated weather condition (visually-

clear [sunny] and visually-impaired [foggy]), and time (Time 1 and Time 2). 

Figure 2.1 

Overall Study Design of Data Collection 

 

Participants 

Overall, 102 drivers were recruited. Data from 33 recruits were excluded due to 

changing the simulation after their trial (n = 1), not completing Part 2 (n = 31), and 

simulation error (n = 1). The final sample included 69 participants (44 females, 25 males) 

aged 18 to 24 years (M = 20.9, SD = 1.4). Of the final sample, 28 participants were 

undergraduate psychology students recruited through the University of Otago Psychology 

Research Participation program. The remaining 41 participants were recruited through 

advertisements on online sites (i.e., TradeMe and Student Job Search) and community 

noticeboards. All but three participants (96%) were university students. Participants’ socio-
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demographic characteristics are summarised in Table 2.1. Participants were recruited from 11 

July to 15 November 2019. All participants held a New Zealand restricted or full car driver’s 

licence (M = 2.7 years since gaining restricted, SD = 1.7) to ensure that participants had 

knowledge of New Zealand road rules and experience driving on the left side of the road in a 

right-hand drive vehicle. The final sample self-reported normal or corrected-to-normal visual 

acuity and had no self-reported colour blindness. All participants provided written informed 

consent and were compensated with either 3% psychology course credit or a total of $30 

grocery voucher. The current research was approved by the University of Otago Human 

Ethics Committee (19/043). 

Table 2.1 

Participants’ Socio-demographic Characteristics by Recruitment Method 

  Recruitment Method 

  Online Advertisements 

(n = 41) 

Undergraduate Psychology 

(n = 28) 

Mean Age Years (SD) 21.4 (1.3) 20.1 (1.0) 

Gender 
  

Male 23 (56%) 2 (7%) 

Female 18 (44%) 26 (93%) 

Ethnicity± 
  

NZ European/Pakeha 34 25 

Māori 8 4 

Samoan - 1 

Chinese 5 2 

Other 5 1 

Driver licence type held 
  

Restricted 10 8 

Full 31 20 

Mean Years Licensure (SD) 3.2 (1.8) 2.0 (1.1) 

Currently own a car 32 (78%) 22 (79%) 

Note: ± Multiple responses allowed. 

 

Driving Simulator 

Simulator drives were programmed using the software STISIM Drive® M300WS 

version 3 (Systems Technology, Inc., 2016). This software provides the experimenter the 
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ability to build realistic roadway environments as well as integrate dynamic events such as 

vehicle following, and allows repeatable performance measurements. Additionally, the 

STISIM software has the ability to record specified performance measures. For the current 

study, the relevant performance measures included elapsed time (seconds), total longitudinal 

distance travelled (metres), current roadway curvature, driver’s current speed (km/h), and 

current speed limit (km/h). For directional measures, negative values indicated left movement 

and positive values indicated right movement relative to centre. Data were recorded at a 

frequency of 30 Hz for reliable and accurate measurements rather than once every five 

seconds, for example, when behaviour could vary considerably.  

STISIM uses a partial virtual environment generation method in which only a portion 

of the virtual world is generated relative to the driver’s position (Systems Technology, Inc., 

2016). This generation method allows for identical scenarios regardless of driver coordinates. 

For example, if a driver were to approach a four-way intersection, in most other simulators 

there would be different scenario events depending on whether the driver turned left, right, or 

continued straight forward; however, if a driver approached a four-way intersection in the 

STISIM, the direction that the driver undertakes does not influence the next scenario event 

that occurs. Each scenario is generally triggered by the accumulated distance travelled by the 

driver rather than specific coordinate parameters. This allows participants to experience 

identical simulation scenarios without the experimenter, or an in-system GPS, to guide 

participants, and provides tolerance if participants misunderstand or fail to follow navigation 

instructions.  

The physical driving simulator was comprised of one computer with three display 

monitors (see Figure 2.2), a steering wheel, foot pedal controls (including accelerator, brake, 

and clutch), a three-set speaker, and an adjustable chair for the participant. The three display 

monitors projected the road environment and vehicle cab to the participant and provided 
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participants a 135° horizontal field of view. The driving simulator was located within a 

soundproof room at the University of Otago, Department of Psychology.  

Figure 2.2 

Physical Layout of the Driving Simulator and the Experimenter’s Computer 

 

An additional monitor was used as the experimenter’s computer to load the 

simulations. The computer was custom built and included the following components: Intel i7-

8700 3.2GHz, 32Gb RAM, Samsung SSD 970 EVO Plus 500Gb M2 drive, ASUS ROG strix 

nVidia GeForce RTX 2070 8Gb, ASUS ROG strix Z390-F Gaming motherboard, and a 

Silverstone RL06 case.  

The three simulator display monitors were 31.5” curved AOC AGON AG322QCX 

display monitors with a resolution of 1920 x 1080 at 144Hz. Each monitor had an 1800 mm 

radius of curvature to provide the participant with a more realistic 3D sensation than a flat 

screen display.  

The steering wheel and pedal set comprised the Gran Turismo High-End Racing 

Simulator (T300RS GT Edition). The steering wheel had a 28 cm diameter metal wheel with 

full rubber coating (see Figure 2.3). All buttons were disabled except for the two fixed paddle 

shifters behind the steering wheel which were configured as the indicators. Buttons were 

disabled to ensure participants did not accidentally stop the simulation, change gears, or any 
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other undesired action. The steering wheel had a rotation angle adjustable from 270° to 

1080°. While activated, the steering wheel provided physical force feedback to participants 

during designated situations (e.g. vehicle collisions). The pedal set was comprised of three 

adjustable metal pedals including an accelerator, brake pedal, and a clutch (see Figure 2.3). 

As the current study used a vehicle with automatic transmission, the clutch pedal was not 

used. 

Figure 2.3 

Steering Wheel used for the Simulator (Left) and Metal Pedals used for the Driving Simulator 

(Right), from the Left: Clutch, Brake, and Accelerator 

     

The driving simulator was connected to a three-piece speaker system comprised of 

one 4” subwoofer and two 3” satellite speakers. The subwoofer was placed on the ground 

under the display monitors, whereas the satellite speakers were placed beneath the display 

monitors on the table. This speaker system had a peak music power output of 1200 Watts. 

The speaker system provided the participant with driving noise such as engine sounds, noise 

from other vehicles, deceleration, and wheel screeching if turning around a corner too tightly. 
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Questionnaires 

Demographics and Driving History 

Participants were required to answer basic demographic information and their driving 

history. Demographic information included age, gender, ethnicity, education, and occupation 

(Stats NZ, 2018). Information regarding driving history included car ownership, duration 

driving licence held (since restricted licence pass date), average driving frequency, average 

driving kilometres, driving fines, and number and nature of collisions in the past two years 

and since licensure. 

Driver Behaviour Questionnaire  

For this study, the 28-item, four-factor DBQ version, validated by Stephens and 

Fitzharris (2016) in an Australian sample, was implemented as it is likely to be the most 

relevant to the New Zealand context. Each item is rated on a six-point Likert-scale assessing 

subjective frequency (1 = never, 6 = nearly all the time). Total score and mean response were 

calculated for each subscale then averaged across all participants. Higher scores for each 

subscale reflect more engagement with the corresponding behaviour. 

Driver Skill Inventory 

The DSI administered in the current study originated from Lajunen and Summala’s 

(1995) early study; however, a more recent 25-item, two factor version was used for analysis 

(Martinussen et al., 2014). Each item is rated on a five-point scale (0 = well below average, 4 

= well above average). Total score and mean response were calculated for each subscale then 

averaged across all participants. Higher scores for each subscale indicate an individual’s 

perception that their skills are above average compared to drivers of the same age and gender.  

Dula Dangerous Driving Index 

The DDDI administered in the current study included 28-items comprising three 

subscales – Risky Driving, Negative Emotion, and Aggressive Driving. (Dula & Ballard 
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2003). Items are rated on a five-point Likert-scale (1 = never, 5 = always). Total score and 

mean response were calculated for each subscale then averaged across all participants. Higher 

scores reflect more engagement with the corresponding behaviour. 

Sensation Seeking 

The 20-item SS scale administered in the current study was comprised of two factors: 

Dangerous thrill-seeking and Impulsive thrill-seeking (International Personality Item Pool 

version of Hoyle et al. 2002). Items are rated on a five-point Likert-scale (1 = strongly 

disagree, 5 = strongly agree), with scores for two items reversed scored as they indicated 

lower SS tendencies. Total score and mean response were calculated for each subscale then 

averaged across all participants. Higher scores for each subscale indicate an individual’s 

tendency to engage in more SS behaviours. 

Validity Scale Items 

In addition to the scales above, several validity scale items were implemented 

throughout the questionnaires. The validity items assessed whether participants were paying 

attention and responding appropriately to the questionnaires (Meade & Craig, 2012). Validity 

scale items used the same scaling format as the response scale within which they were 

embedded (i.e., a five-point scale with responses from never to always when embedded 

within the DDDI). 

Current Well-being Questionnaire 

The Current Well-Being Questionnaire (CWQ) assessed any simulator-related illness 

symptoms experienced by participants. Self-report simulator sickness assessments have been 

shown to identify over 90% of individuals that exhibit negative symptoms (Brooks et al., 

2010). If a participant self-reported one simulator sickness symptom such as nausea, vertigo, 

stomach discomfort at a moderate level they were asked to verbally describe their symptom 

and determined on a case by case account on whether to continue. If a participant self-
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reported multiple simulator sickness symptoms at moderate or severe levels their 

participation was discontinued. The CWQ was administered to participants before and after 

the practice test, as well as after each experimental session. Participants indicated the extent 

to which each of 16 symptoms was affecting them on a four-point scale ranging from “none” 

to “severe”. If a participant reported at least three “severe” symptoms, or vomited, they were 

excluded from the study. No participants were excluded due to simulator sickness. 

Simulation Scenarios  

Participants completed two simulator drives during Phase One, to ensure they were 

familiar with its controls and did not experience simulation sickness. They then completed a 

practice drive and two experimental drives during each of the two sessions in Phase Two. 

Each simulator drive featured urban, highway, and rural roads with only one lane in each 

direction. There was low to moderate traffic depending on the area and task. During low 

traffic, there was on average one car every 120 m (approximately every four seconds at 100 

km/h) and occurred during the Curve task to avoid participants altering their behaviour in 

response to observing approaching vehicles around curves. During moderate traffic, there 

was on average one car every 50 m (approximately every two seconds at 100 km/h) and 

occurred during the vehicle following task to ensure participants kept within their lane and 

did not overtake. These distances comply with the legal following distances set out in the 

New Zealand Road Code. All experimental simulation routes contained identical events 

across participants to ensure participants had the same experience. Therefore, allowing the 

same set of driver behaviours to be measured without influence of extraneous factors. 

However, during each session (i.e., Time 1 and Time 2 of Phase Two) the order of events 

within the simulation scenario was altered between the first and second drives to minimise 

practice effects and/or anticipation of scenarios. Additionally, the manipulated weather 

variable (i.e., sunny or fog) differed between the two simulations within each session. 
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A crash occurred if the driver’s vehicle came into contact with a pedestrian, vehicle, 

building, or any other object that would realistically result in a crash (i.e., colliding into a tree 

would result in a crash but driving into the curb would not). However, to ensure participants 

did not drive carelessly off the road, the crash function was triggered if participants drove 1.5 

m off the road. If a crash occurred, a cracked screen was displayed (as shown in Figure 2.4) 

and an audible crash sound occurred. After a few seconds, the vehicle’s lateral position and 

speed reset to initial simulation settings (i.e., vehicle speed 0 km/h, lateral position centred 

within the lane) at a distance 15 m past the crash location to avoid any simulator issues in 

which resetting the driver vehicle resulted in a further crash. Over the course of the study, 

there were a total of four crashes by three participants in the experimental drives. 

Figure 2.4 

Example of Cracked Screen Displayed after a Collision Occurred 

 

Practice Drive 

Before each experimental drive session, participants carried out a 4.1 km practice 

drive that took approximately five minutes. The practice drive included three different speed 

zones (50 km/h, 80 km/h, and 100 km/h), an intersection with traffic lights whereby the 

participant was required to stop, and four curves (a shallow and a sharp curve in both left and 

right directions). The only other vehicle within the practice drive was an approaching vehicle 

near the end of the simulation. For the practice drive only, a visible warning was presented to 

participants for any speed violations above the posted speed limit. This is to ensure 

participants are aware of their speed during the simulation drive. During Phase Two, the 
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practice drive served as a refresher of the simulator controls. No data were collected during 

the practice drive and participants could repeat the practice drive if needed. 

Experimental Drive 

Each experimental drive was 12.8 km long and took approximately 15 minutes (see Figure 

2.5). Participants drove through three speed zones (50 km/h, 80 km/h, and 100 km/h), 

encountered two curve depth (shallow and sharp) in both directions (left and right) within 

each speed zone, and underwent a vehicle following task after approaching a traffic light 

requiring them to stop. Each speed limit was indicated by the typical red circle with the speed 

limit inside. Curve warning signs were yellow diamonds with a black arrow showing the 

curve direction. As changing speeds influences curve depth, curve angle differed across the 

three speed zones (see Table 2.2). To ensure there was a clear difference between sharp and 

shallow curves, a sharp curve required the individual to decelerate to under the posted speed 

limit to safely navigating around the curve without sliding; whereas, shallow curves were 

determined by curve angles that allowed the individual to safely navigate the curve without 

requiring large motor effort (e.g., significant steering wheel rotations). Initial figures were 

determined based on previous research (Charlton, 2004) and confirmed through pilot testing. 

Table 2.2 

Curve Angle for each Curve Depth across Speed Zones 

Speed Zone 
Curve Depth 

Shallow Sharp 

50 km/h 25˚ 55˚ 

80 km/h 20˚ 40˚ 

100 km/h 15˚ 30˚ 

 

Minimum distance between each curve was 300 m to allow the driver to regain their 

normal driving speed as well as ensuring the previous curve did not influence their approach 

to the next corner. Within each speed zone was a 750 m straight section of road with no lead 

vehicle that provided participants the opportunity to self-select travel speed. 
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Figure 2.5 

Experimental Drive Routes 

 

 

Note. Figures are not drawn to scale. 
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During the car following task, lead vehicle speed was set to the current speed limit. 

As the lead vehicle progressed through the different speed zones, its speed changed to reflect 

the new imposed speed limit as soon as the vehicle drove past the sign posted speed limit.  

The experimental drive was driven in either sunny weather or foggy weather 

conditions, with the order of weather conditions counterbalanced between participants. No 

visible or audible warnings were presented to participants for any violations, consistent with 

most real-world naturalistic driving environments. 

Procedure 

Phase One  

Upon arrival, participants were asked to read through an information sheet, sign a 

consent form, and turn their mobile phones to silent to eliminate external disturbances 

throughout the experiment. They were then asked to complete the required questionnaires 

(see Appendix A), which were presented on computer via Qualtrics (Qualtrics, 2005). 

Upon completion of questionnaires, each participant completed two cognitive tasks 

not analysed in the current study before being taken into the simulator room. Participants 

were briefed on how to operate the driving simulator and asked to sit in the adjustable 

simulator chair before completing the first CWQ (Appendix B). Participants then carried out 

a practice simulation drive, which they could repeat if needed. Afterwards, the experimenter 

administered the second CWQ. Participants not affected by simulator sickness completed a 

second simulator drive. Though there were some similarities in driving tasks between this 

drive and the ones in Phase Two, the current study required data collection of questionnaire 

and simulator measures over separate sessions, so simulator data from Phase One were not 

analysed. At the conclusion of Phase One, participants received a $15 voucher and were 

invited to come back to complete Phase Two involving two further test drive sessions. 
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Phase Two 

Phase Two required participants to attend two different sessions on separate days (4 – 

14 days apart) and complete two simulator drives during each session. Participants were to 

attend the two sessions at approximately the same time during the day as previous research 

has found that driving behaviours change over the course of the day (Lenné et al., 1997). 

Upon arrival of the first session of Phase Two, each participant was required to sign a second 

consent form that allowed the researcher to use the participant’s questionnaire data from 

Phase One.  

For each session of Phase Two, participants were shown to the simulator room, asked 

to silence their mobile devices to eliminate any disturbances, and to be seated in the 

simulator. Participants were administered the CWQ before completing the practice simulation 

drive, and again after each simulation drive. Afterwards, the experimenter loaded the first 

simulation test drive on the screen using the experimenter’s computer nearby. Before the 

simulation drive began, the participant was asked to follow the road and drive as they 

normally would in natural driving situations. Once the simulation was loaded, written 

instructions were presented on-screen (see Figure 2.6). After reading the on-screen 

instructions, participants verbally confirmed they were ready to start, and the experimenter 

initiated the experimental drive. The participant then drove the programmed simulation route 

until completion. Upon completion of the first simulation drive, a written message was 

presented on-screen to alert the driver of their completion and wait for further instructions 

(see Figure 2.6).  
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Figure 2.6 

Instructions Displayed to Participants after the Simulation had Loaded and before 

Participants began Driving (Left), and once the Simulation had Finished (Right) 

 

Participants were asked if they wanted to take a short break. If participants did not 

want to take a break, then they continued immediately onto the next simulation. Participants 

that did take a break were shortly asked to return to the simulator. Participants were reminded 

to silence their mobile. The second experimental simulator drive procedure was identical to 

the first; however, the order of events within the drive was altered, and the weather condition 

differed. If participants underwent their first simulation drive with sunny weather condition 

then their second simulation drive involved foggy weather, and vice versa. The order of 

simulated weather was counterbalanced between-subjects.  

The second session followed similar procedure to the first session, the only difference 

being the ordering of the simulated weather conditions (See Table 2.3) and driver behaviour 

events.  Simulated weather continued to follow the combination order that participants were 

randomly placed into after Phase One. Upon completion of Phase Two, participants were 

provided debriefing information for the current study as well as compensation for their time 

(either psychology course credit or vouchers). 
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Table 2.3 

Order of Simulated Weather Conditions 

 Session 1 Session 2 

Order Simulation 1 Simulation 2 Simulation 1 Simulation 2 

1 Sunny A Foggy B Sunny B Foggy A 

2 Foggy A Sunny B Sunny A Foggy B 

3 Sunny A Foggy B Foggy A Sunny B 

4 Foggy A Sunny B Foggy B Sunny A 

 

Simulator Driver Behaviour Measures 

The simulated driver behaviour measures were chosen to represent normal (i.e., non-

critical) driving situations comprising two areas of driver behaviour: speeding along straight 

road segments (Straight task) and speeding on approach to curves (Curve task).  

Straight Task 

During each simulation, participants drove unconstrained along three straight road 

segments of 750 m, each within the three different speed zones. The dependent variables 

were the average speed and standard deviation of speed along this straight segment for each 

weather, speed zone, and time condition.  

Curve Task 

During each simulation, participants encountered four 150 m curves in each speed 

zone – two shallow and two sharp curves, each veering in either left or right directionality. 

Left and right curves were combined and resulted in values for shallow and sharp curves 

across speed zones, weather condition, and time. The dependent variables were the average 

speed and standard deviation of speed while manoeuvring each corner for each weather, 

speed zone, and time condition. This value was measured from the 100 m before curve entry 

to the end of the curve exit, resulting in measurements spanning 250 m. This captures the 

participant’s entry speed and curve speed rather than a single point or only the curve segment 

where participants may have already considerably reduced their speed.  



Driving to the Conditions  44 

 

Statistical Analyses 

Data Screening 

Participants’ questionnaire responses were downloaded from Qualtrics and exported 

into SPSS version 25 (SPSS Inc, 2017). Questionnaires were screened to ensure participants 

responded appropriately to the validity scale items. Screening the validity scale items found 

all responses satisfied validity assumptions. Additionally, the questionnaire had forced 

responses so participants were notified if they had not answered a question. Therefore, the 

questionnaire did not contain any missing response data. 

Prior to analysis, all data were assessed to determine whether variables met the 

assumptions of parametric testing. These assessments included analysing the data for normal 

distribution using the Shapiro-Wilk’s test for normality and inspection of histograms and 

boxplots for outliers. The data were considered to be normally distributed if the Shapiro-

Wilk’s test was not significant. For all analyses, an overall alpha level of .05 was used to 

determine statistical significance. Outliers were defined as data points that were three 

standard deviations from the mean, determined upon visual inspection of the relevant 

boxplots. Each outlier was examined to determine whether the outlier was the result of a data 

entry or measurement error. If the outlier was not due to either data entry or measurement 

error then the outlier was kept to ensure the results represented all expressions of behaviour 

without introducing bias. 

Upon data inspection of questionnaire responses using the Shapiro-Wilk test, all but 

five questionnaire measures had p < .05 indicating non-parametric data. Similarly, across 

both Straight and Curve tasks, 7 of 36 variables had p < .05. In addition, 30 of 51 variables 

had significant skew. As the data was primarily non-normally distributed, further analyses 

used non-parametric tests as non-parametric tests do need require a specific distribution. 
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Across the dataset of these variables were 24 extreme outliers of more than 3 standard 

deviations from the mean, all of which were simulator variables.  

Data Analysis Overview 

Questionnaire 

To determine whether each measure’s factor structure would fit the observed data, a 

confirmatory factor analysis (CFA) was conducted via AMOS version 24 using maximum 

likelihood estimation to estimate the parameters in each model. Model fit for each 

questionnaire was evaluated using the Comparative Fit Indices (CFI), Tucker-Lewis Indices 

(TLI), and Root Mean Square Error of Approximation (RMSEA). The Chi-square (χ2) fit 

statistic was observed; however, there is scepticism that Chi-square is an appropriate statistic 

to determine model fit (Gatignon, 2010). Therefore, CFI and TLI values > 0.90, and RMSEA 

values < 0.08 were used to indicate adequate fit (Awang, 2012). 

Following the CFA, Cronbach’s Alpha (α) was measured for each of the 

questionnaires and their subscales. Cronbach’s α measures the internal consistency of a set of 

items and is often considered a measure of scale reliability; α > 0.7 suggests good reliability 

(Cohen, 1988). Questionnaires and certain demographic factors were analysed using 

Spearman’s rho correlation (rs) as the questionnaire data did not satisfy normal distribution 

assumptions. An rs value of zero represents no association, a value between 0 and ±0.29 

represents a weak association, a value between ±0.3 and ±0.69 represents a moderate 

association, and a value between ±0.7 and ±1.0 represents a strong association (Cohen, 1988).  

Simulated Driving Behaviours. 

Test-retest. 

To determine whether participants’ simulator behaviour is reliable over time (i.e. 

Time 1 vs. Time 2), the non-parametric Wilcoxon-Signed-Rank test was used to compare 

behaviour differences. If over 80% of behaviours presented reliable results then all Time 1 
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and Time 2 variables were combined i.e., average speed in the Time 1 and Time 2 sunny 50 

km/h speed zone would be combined for an overall average speed in the sunny 50 km/h speed 

zone. Behaviour values that did not achieve reliability were kept separate to ensure grouping 

did not influence the statistical analysis. 

Behavioural Adaption to Visibility Changes. 

To determine whether participants altered their behaviour between the sunny and 

foggy conditions across variables, the non-parametric Wilcoxon-Signed-Rank test was 

performed to examine behaviour differences. If the statistical test provided a significant p 

value, then this indicated a significant difference between driving behaviours in the sunny 

and foggy conditions.  

Simulated Driving Behaviour Prediction. 

To determine the unique contributions of the questionnaires to explain the variance in 

simulated driving behaviour, a series of linear regressions (using a bootstrapping procedure 

[using the minimum 1000 replications] to estimate standard errors associated with predictor 

coefficients) were conducted. Initial model estimates were identified through past empirical 

research, as determined in the hypotheses, then supplemented with statistical analyses via 

correlations. All questionnaire variables were correlated with the average straight speed and 

average curve speed behaviours for each condition using the non-parametric Spearman-Rank 

test. An initial multiple regression model (Model 1) using the hypothesised factors was 

performed, then a second model (Model 2) was entered that included any remaining 

significantly correlated questionnaire variables. To minimise false suppressor effects, only 

questionnaire variables that had at least a correlation of rs ≥ |.2| were entered into the 

regression. To determine whether the model fit the data adequately, an omnibus test was 

conducted. This test produces an F-value, whereby a significant value (p < .05) indicates that 

the model has adequate fit for the data. Additionally, a R2 value is produced that indicates 
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how much of the variance is explained by the independent variables. However, this value will 

generally always increase when extra variables are added (Shieh, 2008). Therefore, the R2
Adj 

value is a more appropriate estimation of explained variance as it evaluates the contribution 

of added variables, thus, examining the R2
Adj value will determine which model best explains 

the observed variance.  

  



Driving to the Conditions  48 

 

Chapter 3 Results 

Questionnaire 

Confirmatory Factor Analysis 

CFA was performed on each of the four questionnaires to evaluate model fit on the 

observed data. The estimated models were derived through previous research and any 

adjustments were statistically driven through modification indices.  

Driver Behaviour Questionnaire. 

Two separate models were examined to determine the goodness-of-fit due to the 

variations in DBQ versions across studies. The current study used the DBQ version validated 

by Stephen and Fitzharris (2016); however, more recently this model did not show adequate 

fit within a New Zealand sample (Sullman et al., 2019). Therefore, the two models were 

evaluated to determine the better fitting model. Model 1 follows Stephen and Fitzharris’ 

(2016) 28-item, four-factor DBQ structure which has been evaluated using an Australian 

sample; Model 2 follows Sullman and colleagues (2019) 26-item, four-factor DBQ structure 

which has been evaluated using a New Zealand sample. Both have shown adequate fit in their 

respective samples, yet some differences in the factor structures occur, for instance, the 

removal of two items in Sullman et al. (2019).  

Model 1 indicated bad fit with high RMSEA values (0.090) and low CFI/TLI values 

(0.443 and 0.388, respectively). Through examination of modification indices, a second 

model adjusting for covariances was evaluated. This adjusted model resulted in a lower 

RMSEA value (0.084) and higher CFI/TLI values (0.524 and 0.469, respectively); although 

the RMSEA value almost reached the adequate fit threshold, both CFI and TLI values 

indicated poor model fit.  

Similarly with Model 2, the original model indicated bad fit with a high RMSEA 

(0.094) value and low CFI/TFI values (0.479 and 0.422, respectively). Model 2 was then 
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adjusted for covariances and resulted in greater model fit (RMSEA = 0.088, CFI = 0.539, TLI 

= 0.484); however, not enough to adequately suggest acceptable fit.  

Unfortunately, none of the DBQ models strongly indicated acceptable fit for the given 

sample, nevertheless, the adjusted Model 1 was used for further analysis as the four-factor 

structure has generally been administered across various populations and cultures as an 

acceptable questionnaire. Visual representation of the adjusted Model 1 is shown in 

Appendix C (Figure C1). 

Dula Dangerous Driving Inventory. 

Using Dula and Ballard’s (2003) 28-item three-factor structure, the DDDI was 

subjected to CFA. The original model indicated bad fit with high RMSEA (0.114) and low 

CFI/TLI values (0.674 and 0.622, respectively). A second model that adjusted for covariances 

resulted in reduced RMSEA values (0.082) and higher CFI/TLI values (0.795 and 0.779, 

respectively). The adjusted model resulted in values closer to, but did not reach, the 

acceptable fit threshold; however, the RMSEA value is close enough to indicate mediocre fit 

for further analysis (Awang, 2012). Visual representation of the adjusted model is shown in 

Appendix C (Figure C2). 

Driver Skill Inventory. 

Using Martinussen et al.’s (2014) 25-item, two-factor structure, the DSI was subjected 

to CFA. The original model did not reach adequate fit (RMSEA = 0.077, CFI = 0.842, TLI = 

0.827). Thus, a second model adjusting for covariances was evaluated. The adjusted model 

indicated greater fit with reduced RMSEA values (0.065), and higher CFI (0.890) and TLI 

(0.878) values suggesting the adjusted model had a more acceptable fit. Therefore, the 

adjusted DSI model had good fit for the current sample. Visual representation of the adjusted 

model is shown in Appendix C (Figure C3). 
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Sensation-Seeking. 

Using Hoyle et al.’s (2002) SS 20-item, two-factor structure comprised of Dangerous 

Thrill-Seeking and Impulsiveness, the SS was subjected to CFA. This model indicated bad fit 

with high RMSEA values (0.117) and slightly low CFI/TLI values (0.729 and 0.696, 

respectively) outside of the criterion range. A second model adjusting for covariances was 

evaluated. The adjusted model indicated greater fit with reduced RMSEA values (0.06), and 

higher CFI (0.920) and TLI values (0.933). These values meet the criteria required for 

acceptable model fit; therefore, the adjusted SS model had good fit for the current sample. 

Visual representation of the adjusted model is shown in Appendix C (Figure C4). 

Descriptive Statistics 

Most questionnaires and their associated subscales had good internal consistency. As 

shown in Table 3.1, the four subscales of the DBQ were the only items to have less than 

acceptable reliability scores (α < 0.70). All other scales ranged between 0.70 and 0.90, 

suggesting good internal consistency for the corresponding measures. Additionally, the mean 

for each subscale is provided. Compared to total score, the mean scale value is a better 

measure of standardised response across questionnaires as the various subscales have a 

different number of items and, thus, have large total sum variations. Participants tended to 

respond lower on the DBQ subscales compared to SS tendencies and Motor and Safety skills. 

SS tendencies had the greatest variability in responses, with mean responses falling on both 

upper and lower extremes. Participants, on average, rated their Motor and Safety skills as 

better than their peers. 
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Table 3.1 

Descriptive Statistics for Questionnaire Subscales 

Scale M SD Cronbach's α Observed Range Possible Range 

DBQ*      

Errors 1.3 0.2 0.63 1.0 – 2.0 1.0 – 5.0 

Lapses 1.7 0.4 0.52 1.0 – 2.8 1.0 – 5.0 

 Aggressive Violations 1.5 0.5 0.59 1.0 – 3.7 1.0 – 5.0 

 Ordinary Violations 1.7 0.4 0.48 1.1 – 2.9 1.0 – 5.0 

DDDI      

Aggressive Driving 1.5 0.5 0.70 1.0 – 3.0 1.0 – 5.0 

Negative Emotion 2.2 0.6 0.81 1.1 – 3.9 1.0 – 5.0 

Risky Driving 1.5 0.4 0.73 1.0 – 2.7 1.0 – 5.0 

SS      

Thrill-Seeking 2.7 0.7 0.80 1.3 – 4.5 1.0 – 5.0 

Impulsiveness 3.0 0.7 0.87 1.4 – 4.7 1.0 – 5.0 

DSI      

Motor Skills 2.4 0.5 0.90 1.6 – 3.9 0.0 – 4.0 

Safety Skills 2.4 0.5 0.82 1.5 – 3.8 0.0 – 4.0 

Note: *Possible range for the DBQ has been changed from 1.0 - 6.0 due to an input error, 

which is discussed later in the chapter. 

Correlations 

Spearman-Rank correlations were used to determine if any relationships existed 

between the self-report questionnaires. As shown in Table 3.2, only age and Lapses did not 

significantly correlate with individuals self-reporting higher frequencies of Ordinary 

Violations. All significant relationships with Ordinary Violations were positive except for 

self-perceived Safety skills. Additionally, males tended to report higher frequencies of 

Lapses, Risky Driving, higher overall SS tendencies, Thrill-Seeking behaviours, and males 

perceived their Motor skills as better than their peers. Unsurprisingly, older individuals had 

more experience, but also reported higher frequencies of Risky Driving behaviours and 

higher SS tendencies, yet only for Impulsiveness. Similar to age, more experienced 

individuals engaged in higher frequencies of Risky Driving, yet also reported higher 

frequencies of Ordinary Violations and perceived their Motor skills as better than their peers.  
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Table 3.2 

Spearman-Rank Correlations between Self-report Measures 

  Gender Exp. Errors Lapses AV OV AD NE RD SS TS Imp. Motor Safety 

Age .34 .31 -.02 -.05 .00 .21 .10 .02 .37 .26 .23 .27 .10 .01 

Gender - .13 .01 -.24 .16 .39 .11 .08 .37 .24 .32 .17 .37 -.01 

Exp.  - -.06 -.08 .10 .26 .13 .17 .29 .14 .14 .10 .30 .07 

Errors   - .49 .24 .32 .31 .43 .36 .28 .17 .35 -.05 -.06 

Lapses    - -.02 .08 .03 .14 .10 .22 .08 .29 -.28 -.05 

AV     - .38 .63 .53 .29 .09 .08 .10 .07 -.07 

OV      - .35 .35 .60 .52 .41 .55 .30 -.36 

AD       - .70 .47 .29 .27 .27 .04 -.02 

NE        - .37 .22 .15 .26 .12 .01 

RD         - .53 .44 .54 .30 -.16 

SS          - .92 .90 .23 -.14 

TS           - .67 .25 -.10 

Imp.            - .16 -.17 

Motor             - .23 

Note. N = 69. Correlations ≥.24 were significant at .05 and >.30 were significant at .01. Experience (Exp.). Aggressive Violations (AV). 

Ordinary Violations (OV). Aggressive Driving (AD). Negative Emotion (NE). Risky Driving (RD). Total Sensation Seeking (SS). Thrill-

Seeking (TS). Impulsiveness (Imp.). Errors, Lapses, AV, and OV are the DBQ subscales. AD, NE, and RD are the DDDI Subscales. TS and 

Impulsiveness are the SS subscales. Motor and Safety are the DSI subscales. Gender (0 = Female, 1 = Male). 
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Individuals higher in overall SS tendencies were older, male, and engaged in higher 

frequencies of Errors, Ordinary Violations and Risky Driving. 

Simulation Behaviours 

Session Time Differences 

To ensure behaviour was not influenced by time of day differences, participants were 

asked to start the two sessions in Phase Two at the same time and this only varied on average 

by 0.25 hours (SD = 0.6; range: 0 – 2.25 hours). There was an average of 7.6 days (SD = 2.4; 

range: 4 – 18 days) between sessions. 

Test-Retest Reliability 

Straight Task. 

Across all average speed values within the Straight Task, only average speed within 

the foggy 80 km/h zone revealed a significant increase from Time 1 to Time 2 of 4.8 km/h 

(Table 3.3). As five of the six variables revealed non-significant differences across time 

points, average speed behaviour on straight segments were deemed reliable over time. 

Therefore, mean speed values within each condition were combined across Time 1 and Time 

2 for an overall average speed for subsequent analyses. 

Table 3.3 

Average Speed Values at 50 km/h, 80 km/h, and 100 km/h Speed Zones across Time 1 and 

Time 2 for each Visibility Condition for the Straight Task 

 Time 1 Time 2 
Comparison 

 M (SD) Range M (SD) Range 

Sunny      

 50 km/h 54.6 (7.9) 46.6–100.4 55.6 (9.2) 45.4–99.2 |Z| = 0.60, p = .548 

 80 km/h 77.8 (3.9) 62.5–86.8 79.0 (4.3) 70.7–102.3 |Z| = 1.51, p = .131 

 100 km/h 99.7 (6.2) 80.4–126.7 100.0 (8.4) 75.5–136.2 |Z| = 0.80, p = .425 
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 Time 1 Time 2 
Comparison 

 M (SD) Range M (SD) Range 

Foggy      

 50 km/h 51.9 (4.4) 44.1–68.7 52.8 (5.7) 47.2–83.0 |Z| = 0.96, p = .337 

 80 km/h 64.2 (9.1) 43.3–83.2 69.1 (8.1) 43.5–80.7 |Z| = 3.85, p < .001 

 100 km/h 83.8 (11.6) 56.5–107.4 86.4 (11.6) 55.3–106.7 |Z| = 1.59, p = .111 

 

Curve Task. 

As shown in Table 3.4, all variables revealed non-significant differences indicating 

participants’ average speed when manoeuvring around curves were reliable over time. As 

such, all variables were deemed reliable over time. Therefore, Time 1 and Time 2 values for 

all variables were combined into an overall value for further analysis.  

Table 3.4 

Average Speed Values at 50 km/h, 80 km/h, and 100 km/h Speed Zones across Time 1 and 

Time 2 for each Visibility Condition and Curve Depth for the Curve Task 

Condition 
Time 1 

M (SD) 

Time 2 

M (SD) 
Comparison 

Sunny    

 50 km/h – shallow 51.4 (3.7) 51.9 (4.3) |Z| = 0.95, p = .343 

 50 km/h – sharp 49.9 (4.9) 50.3 (3.8) |Z| = 1.03, p = .305 

 80 km/h – shallow 73.1 (4.5) 73.0 (5.0) |Z| = 0.45, p = .652 

 80 km/h – sharp 67.4 (5.2) 68.2 (4.4) |Z| = 1.29, p = .198 

 100 km/h – shallow 86.3 (7.5) 85.1 (6.6) |Z| = 0.70, p = .486 

 100 km/h – sharp 77.9 (7.5) 78.2 (6.5) |Z| = 0.34, p = .731 

Foggy    

 50 km/h – shallow 50.1 (2.8) 50.5 (3.5) |Z| = 1.06, p = .291 

 50 km/h – sharp 48.7 (3.3) 48.8 (3.7) |Z| = 0.07, p = .945 

 80 km/h – shallow 64.7 (7.6) 66.7 (6.3) |Z| = 1.80, p = .072 

 80 km/h – sharp 62.8 (6.0) 64.1 (5.7) |Z| = 1.83, p = .068 

 100 km/h – shallow 74.6 (9.9) 75.9 (8.1) |Z| = 1.07, p = .286 

 100 km/h – sharp 71.3 (8.2) 72.9 (7.8) |Z| = 1.59, p = .112 
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Behavioural Adaption to Visibility Changes 

Straight Task. 

Average speed values were significantly faster in the sunny condition than in the 

foggy condition for all speed zones (Table 3.5) but the effect was larger at higher speeds 

(Figure 3.1).  

Table 3.5 

Overall Average Speed Comparisons in each Speed Zone for both Straight and Curve Tasks 

across Sunny and Foggy Conditions 

Speed Zone Task Comparison 

50 km/h Straight |Z| = 1.593, p < .001 

 Curve – Shallow |Z| = 4.152, p < .001 

 Curve – Sharp |Z| = 4.003, p < .001 

80 km/h Straight |Z| = 7.214, p < .001 

 Curve – Shallow |Z| = 6.998, p < .001 

 Curve – Sharp |Z| = 6.096, p < .001 

100 km/h Straight |Z| = 7.136, p < .001 

 Curve – Shallow |Z| = 7.076, p < .001 

 Curve – Sharp |Z| = 6.191, p < .001 

 

Figure 3.1 

Mean Overall Average Speed in each Speed Zone across Sunny and Foggy Conditions 

 
Note: Error bars represent ±1 standard error of the mean. 
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Curve Task. 

Average speed values were significantly faster when manoeuvring curves in the sunny 

condition than the foggy condition for each curve type (Table 3.5). The average speed 

differences across visibility conditions were larger when manoeuvring shallow curves than 

sharp curves at higher speeds, but not at low speeds (Figure 3.2).  

Figure 3.2 

Mean Overall Average Speed when Manoeuvring Shallow and Sharp Curves within each 

Speed Zone across the Sunny and Foggy Conditions 

 
Note: Error bars represent ±1 standard error of the mean. 

 

Behaviour Prediction 

Initial Regression Model Estimates 

As both the Straight task and Curve tasks had non-normal distribution, the Spearman 

Rank test was performed to identify initial correlations. Shown in Table 3.6, SS positively 

correlated with all average speed behaviours in the sunny condition; however, in the foggy 

condition, mainly behaviours in the ‘low speed’ 50 km/h speed zone positively correlated 

with SS. In contrast, Lapses positively correlated with behaviours in the higher speed zones  



Driving to the Conditions  57 

 

Table 3.6  

Spearman Rank Correlations between Self-report Measures and Simulator Behaviours 

  Age Exp. Gender Errors Lapses AV OV AD NE RD SS Motor Safety 

Straight 

Task 

Sunny 

50 km/h .15 .24 .39 .04 .02 .06 .44 .04 .17 .42 .47 .22 -.30 

80 km/h .12 -.03 .10 -.10 .07 -.05 .21 -.13 .12 .18 .31 .15 -.18 

100 km/h .17 .15 .34 .03 -.02 .16 .40 .09 .32 .39 .40 .25 -.17 

Curve 

Task 

Sunny 

50 km/h Sw .07 .18 .26 .06 .06 .10 .42 .09 .28 .37 .48 .25 -.10 

50 km/h Shp .03 .11 .10 -.01 .04 -.03 .37 .05 .13 .34 .50 .16 -.14 

80 km/h Sw .17 .30 .24 .04 .06 .11 .32 .10 .17 .33 .31 .20 .07 

80 km/h Shp .18 .09 -.01 .08 .21 .05 .15 .06 .17 .15 .26 .07 .15 

100 km/h Sw .24 .25 .16 .05 .21 .18 .39 .09 .19 .27 .28 .02 -.08 

100 km/h Shp .30 .06 .04 -.03 .18 .06 .22 -.03 .07 .18 .25 -.04 .02 

Straight 

Task 

Foggy 

50 km/h .14 .13 .31 .15 .06 .00 .37 -.00 .11 .37 .42 .20 -.09 

80 km/h .04 -.09 -.17 .19 .31 -.01 .04 -.01 .11 -.02 -.05 .07 .09 

100 km/h .19 .18 -.02 .20 .34 .17 .26 .16 .17 .15 .13 .08 .06 

Curve 

Task 

Foggy 

50 km/h Sw .01 .19 .12 .15 .05 -.05 .37 -.01 .07 .36 .36 .19 -.16 

50 km/h Shp .07 .07 .07 .03 .11 -.02 .20 .02 .11 .15 .29 .12 -.03 

80 km/h Sw .12 -.02 -.01 .28 .35 -.03 .09 .00 .14 .10 .09 .04 .13 

80 km/h Shp .11 .02 -.06 .29 .38 .03 .10 .13 .21 .14 .07 -.05 .14 

100 km/h Sw .24 .15 .02 .19 .30 .12 .21 .17 .20 .18 .26 -.02 .04 

100 km/h Shp .20 .03 -.03 .22 .29 .16 .17 .16 .23 .07 .12 -.04 .16 

Note: N = 69. Correlations >.23 were significant at .05 and >.31 were significant at .01. Shallow (Sw). Sharp (Shp). Experience 

(Exp.). Aggressive Violations (AV). Ordinary Violations (OV). Aggressive Driving (AD). Negative Emotion (NE). Risky Driving 

(RD). Sensation Seeking (SS). Errors, Lapses, AV, and OV are the DBQ subscales. AD, NE, and RD are the DDDI Subscales. Motor 

and Safety are the DSI subscales. Gender (0 = Female, 1 = Male). 
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in the foggy conditions. Ordinary Violations and Risky Driving both positively correlated 

with the same behaviours, though Ordinary Violations also correlated with average speed 

behaviour in the 100 km/h Straight task under impaired visibility. Gender correlated with 

behaviours in all 50 km/h speed zones except for the Curve tasks in the foggy condition; 

whereas, age positively correlated with all Curve task behaviours in the 100 km/h speed zone 

except for the 100 km/h sharp curve in the foggy condition. The DSI did not correlate with 

many behaviours, with Motor skills positively correlating with two behaviours and Safety 

skills negatively correlated with one behaviour. Neither DBQ Aggressive Violations nor 

DDDI Aggressive Driving significantly correlated with any behaviour. 

Hierarchical Multiple Linear Regression Analyses 

A series of hierarchical multiple regressions were conducted with each speed 

behaviour as the dependent variable. Model 1 included the hypothesised self-report variables 

(both Straight and Curve task hypotheses including gender, Ordinary Violations, Risky 

Driving, and Safety, with the Straight task hypothesis additionally including SS). For Model 

2, additional variables that significantly correlated with the corresponding behaviour were 

added to the initial hypothesised variables and examined for changes in model fit and 

explained variance using R2
Adj. If after Model 1 there were no additional variables that 

correlated with the corresponding behaviour then only one model was analysed.  

Straight Task. 

Sunny Condition. 

A series of hierarchical multiple linear regression analyses were performed for each 

behaviour in the sunny Straight task, these are presented in Table 3.7. 

For average speed within the sunny 50 km/h zone, Model 1 significantly explained 

28.7% of the variance, yet only gender uniquely predicted speed. Introducing experience 

reduced model fit (∆R2
Adj = -0.006), yet this model showed the same trends as Model 1. 
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Table 3.7 

Summary of Multiple Linear Regressions Analyses for Self-report Measures Predicting 

Average Speed Behaviours within the Sunny Straight Task 

Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Sunny 50 km/h Straight 

(Constant) 24.71 13.32 [-1.71, 52.41] .119 25.31 12.93 [-0.02, 51.73] .099 

Gender 3.61 1.58 [0.76, 6.57] .041 3.54 1.59 [0.44, 6.64] .048 

Ordinary 

Violations 
0.62 0.33 [-0.09, 1.22] .093 0.60 0.34 [-0.08, 1.17] .105 

Risky Driving 0.25 0.34 [-0.28, 0.97] .482 0.22 0.32 [-0.31, 0.93] .525 

SS 0.12 0.06 [0.03, 0.24] .055 0.12 0.06 [0.03, 0.23] .053 

Safety 0.15 0.20 [-0.22, 0.48] .507 0.13 0.19 [-0.23, 0.45] .533 

Experience - - - - 0.37 0.47 [-0.52, 1.33] .461 

 F5,63 = 6.46, p < .001, R2
Adj = .287 F6,62 = 5.43, p < .001, R2

Adj =.281 

 Sunny 80 km/h Straight 

Constant 74.96 4.64 [66.28, 83.99] .001     

Gender 0.21 0.95 [-1.63, 1.81] .815     

Ordinary 

Violations 
0.23 0.23 [-0.19, 0.77] .298     

Risky Driving -0.19 0.13 [-0.46, 0.06] .168     

SS 0.07 0.04 [-0.00, 0.14] .067     

Safety -0.01 0.08 [-0.20, 0.14] .870     

 F5,63 = 1.52, p = .196, R2
Adj = .037     

 Sunny 100 km/h Straight 

Constant 69.88 12.66 [46.00, 96.99] .001 67.17 12.89 [44.67, 94.25] .001 

Gender 2.97 1.60 [0.03, 6.39] .086 2.79 1.73 [-0.33, 6.52] .117 

Ordinary 

Violations 
0.88 0.42 [0.20, 1.63] .042 0.79 0.40 [0.15, 1.45] .061 

Risky Driving -0.02 0.24 [-0.53, 0.53] .923 -0.11 0.26 [-0.68, 0.50] .681 

SS 0.04 0.06 [-0.10, 0.15] .425 0.04 0.06 [-0.10, 0.15] .511 

Safety 0.31 0.26 [-0.19, 0.72] .288 0.24 0.21 [-0.18, 0.61] .294 

Negative - - - - 0.21 0.13 [0.01, 0.44] .113 

Motor - - - - 0.10 0.13 [-0.14, 0.34] .417 

 F5,63 = 4.77, p < .001, R2
Adj = .217 F7,61 = 3.78, p = .002, R2

Adj = .223 

Note: a. Calculated based on standard errors derived from a non-parametric bootstrapping 

method (1000 replications). Gender (0 = Female, 1 = Male). Sensation Seeking (SS). 
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For average speed within the sunny 80 km/h zone, Model 1 explained 3.7% of the 

variance, though this was not significant. As no other variables were identified from 

correlations, only one model was analysed. 

For average speed within the sunny 100 km/h zone, Model 1 significantly explained 

21.7% of the speed variance, only Ordinary Violations was a significant predictor. 

Introducing Negative Emotion and Motor skills as additional predictors only explained an 

additional 0.6%, and Ordinary Violations no longer was a significant predictor. 

Foggy Condition. 

A series of hierarchical multiple linear regression analyses were performed for each 

behaviour in the foggy Straight task, these are presented in Table 3.8. 

Table 3.8 

Summary of Multiple Linear Regressions Analyses for Self-report Measures Predicting 

Average Speed Behaviours within the Foggy Straight Task 

Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Foggy 50 km/h Straight 

Constant 32.89 8.02 [16.78, 51.67] .003     

Gender 1.58 0.99 [-0.18, 3.27] .142     

Ordinary 

Violations 

0.32 0.27 [-0.19, 0.78] .252 
    

Risky Driving 0.06 0.18 [-0.25, 0.46] .767     

SS 0.08 0.04 [0.02, 0.15] .039     

Safety 0.19 0.15 [-0.07, 0.42] .231     

 F5,63 = 4.66, p = .001, R2
Adj = .212     

 Foggy 80 km/h Straight 

Constant 57.50 10.14 [34.97, 75.40] .001 48.27 10.46 [27.28, 69.43] .001 

Gender -3.38 1.82 [-6.91, 0.01] .067 -1.70 2.05 [-5.54, 2.04] .395 

Ordinary 

Violations 

0.62 0.42 [-0.20, 1.61] .142 0.45 0.36 [-0.24, 1.20] .196 

Risky Driving 0.02 0.24 [-0.43, 0.49] .928 0.04 0.24 [-0.42, 0.51] .869 

SS -0.04 0.09 [-0.21, 0.11] .652 -0.08 0.08 [-0.25, 0.05] .284 

Safety 0.17 0.17 [-0.15, 0.56] .312 0.18 0.15 [-0.10, 0.51] .246 

Lapses - - - - 1.07 0.38 [0.28, 1.73] .007 

 F5,63 = 0.92, p = .477, R2
Adj = -.006 F6,62 = 2.05, p = .073, R2

Adj = .085 
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Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Foggy 100 km /h Straight 

Constant 57.06 12.30 [31.70, 82.73] .001 43.52 12.45 [21.01, 68.75] .003 

Gender -2.63 2.87 [-8.61, 2.59] .360 -0.16 2.99 [-6.13, 5.07] .962 

Ordinary 

Violations 

1.41 0.51 [0.42, 2.38] .010 1.16 0.46 [0.19, 2.09] .012 

Risky Driving 0.02 0.35 [-0.64, 0.75] .952 0.04 0.34 [-0.61, 0.72] .906 

SS -0.03 0.11 [-0.26, 0.17] .774 -0.10 0.10 [-0.33, 0.10] .360 

Safety 0.35 0.25 [-0.15, 0.82] .161 0.37 0.24 [-0.15, 0.82] .116 

Lapses - - - - 1.56 0.48 [0.61, 2.45] .002 

 F5,63 = 1.60, p = .172, R2
Adj = .042 F6,62 = 2.73, p = .020, R2

Adj = .133 

Note: a. Calculated based on standard errors derived from a non-parametric bootstrapping 

method (1000 replications). Gender (0 = Female, 1 = Male). Sensation Seeking (SS). 

 

For average speed within the foggy 50 km/h zone, only SS uniquely predicted speed 

though Model 1 significantly explained 21.2% of the variance. As no other variables were 

identified from correlations, only one model was analysed. 

For average speed within the foggy 80 km/h zone, Model 1 did not explain any 

variance. Introducing Lapses as an additional predictor explained 8.5% of the speed variance. 

Although Lapses added unique variance, the model was not significant. 

For average speed within the foggy 100 km/h zone, Model 1 explained 4.2% of the 

variance, though this model was not significant. The addition of Lapses to the model 

significantly explained an additional 9.5% of the speed variance. Both Ordinary Violations 

and Lapses uniquely predicted average speed. 

Curve Task. 

Sunny Condition. 

A series of hierarchical multiple linear regression analyses were performed for each 

behaviour in the sunny Curve task, these are presented in Table 3.9. 
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Table 3.9 

Summary of Multiple Linear Regressions Analyses for Self-report Measures Predicting 

Average Speed Behaviours within the Sunny Curve Task 

Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Sunny 50 km/h Shallow 

Constant 36.59 6.53 [23.31, 51.15] .001 33.04 6.95 [19.94, 47.72] .001 

Gender 1.03 0.79 [-0.57, 2.83] .202 0.97 0.73 [-0.40, 2.42] .188 

Ordinary 

Violations 
0.39 0.19 [0.06, 0.73] .061 0.27 0.18 [-0.04, 0.56] .137 

Risky Driving 0.14 0.15 [-0.12, 0.48] .354 0.00 0.16 [-0.27, 0.35] .997 

Safety 0.15 0.11 [-0.07, 0.34] .210 0.13 0.11 [-0.06, 0.30] .250 

Negative - - - - 0.12 0.09 [-0.05, 0.31] .158 

SS - - - - 0.08 0.03 [0.03, 0.13] .012 

Motor - - - - 0.04 0.07 [-0.10, 0.19] .548 

 F4,64 = 5.29, p < .001, R2
Adj = .202 F7,61 = 4,28, p < .001, R2

Adj = .253 

 Sunny 50 km/h Sharp 

Constant 37.12 5.52 [26.61, 49.98] .001 34.27 5.54 [23.49, 47.58] .001 

Gender -0.31 0.92 [-2.23, 1.49] .743 -0.35 0.87 [-2.03, 1.27] .688 

Ordinary 

Violations 
0.47 0.19 [0.10, 0.83] .012 0.35 0.18 [0.01, 0.65] .051 

Risky Driving 0.19 0.15 [-0.10, 0.48] .206 0.06 0.15 [-0.22, 0.36] .722 

Safety 0.09 0.10 [-0.10, 0.25] .351 0.10 0.09 [-0.07, 0.24] .278 

SS - - - - 0.12 0.03 [0.06, 0.17] .001 

 F4,64 = 4.70, p = .002, R2
Adj = .179 F5,63 = 6.00, p < .001, R2

Adj = .269 

 Sunny 80 km/h Shallow 

Constant 60.69 4.29 [52.35, 69.86] .001 60.38 4.46 [51.18, 69.91] .001 

Gender 0.44 1.06 [-1.67, 2.31] .657 0.31 1.05 [-1.70, 2.21] .769 

Ordinary 

Violations 
0.43 0.20 [0.06, 0.86] .026 0.36 0.23 [-0.07, 0.80] .101 

Risky Driving 0.11 0.13 [-0.14, 0.38] .416 0.01 0.13 [-0.22, 0.27] .971 

Safety 0.10 0.09 [-0.10, 0.27] .276 0.08 0.09 [-0.12, 0.25] .405 

Experience - - - - 0.54 0.26 [0.04, 1.02] .047 

SS - - - - 0.05 0.04 [-0.04, 0.13] .226 

 F4,64 = 2.94, p = .027, R2
Adj = .102 F5,63 = 2.80, p = .018, R2

Adj = .137 
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Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Sunny 80 km/h Sharp 

Constant 57.44 4.59 [49.22, 66.27] .001 55.4 4.73 [46.89, 65.03] .001 

Gender -1.00 1.27 [-3.69, 1.82] .423 -1.03 1.23 [-3.58, 1.48] .404 

Ordinary 

Violations 
0.35 0.25 [-0.17, 0.82] .158 0.26 0.25 [-0.22, 0.72] .273 

Risky Driving 0.08 0.12 [-0.14, 0.35] .511 -0.02 0.12 [-0.24, 0.24] .895 

Safety 0.14 0.10 [-0.07, 0.32] .146 0.15 0.10 [-0.06, 0.32] .103 

SS - - - - 0.08 0.05 [-0.02, 0.17] .110 

 F4,64 = 1.31, p = .276, R2
Adj = .018 F5,63 = 1.70, p = .147, R2

Adj = .049 

 Sunny 100 km/h Shallow 

Constant 71.40 6.90 [59.04, 83.90] .001 60.91 13.01 [33.98, 80.80] .001 

Gender -0.05 1.64 [-3.58, 3.07] .981 -0.52 1.76 [-4.10, 2.48] .758 

Ordinary 

Violations 
0.94 0.31 [0.30, 1.52] .005 0.87 0.32 [0.20, 1.45] .006 

Risky Driving -0.02 0.21 [-0.43, 0.44] .925 -0.17 0.22 [-0.60, 0.27] .424 

Safety 0.04 0.13 [-0.25, 0.32] .736 0.03 0.13 [-0.27, 0.31] .843 

Age - - - - 0.51 0.58 [-0.56, 1.75] .333 

Experience - - - - 0.48 0.47 [-0.39, 1.51] .299 

SS - - - - 0.07 0.08 [-0.08, 0.22] .383 

 F4,64 = 3.58, p = .011, R2
Adj = .132 F7,61 = 2.62, p = .020, R2

Adj = .143 

 Sunny 100 km/h Sharp 

Constant 65.77 6.15 [53.73, 75.68] .001 39.26 10.84 [17.22, 61.17] .001 

Gender -1.13 1.46 [-4.23, 1.42] .448 -2.04 1.44 [-5.03, 0.64] .167 

Ordinary 

Violations 
0.68 0.28 [0.10, 1.30] .019 0.65 0.25 [0.13, 1.21] .014 

Risky Driving 0.00 0.17 [-0.33, 0.37] .997 -0.19 0.17 [-0.54, 0.21] .281 

Safety 0.12 0.11 [-0.12, 0.36] .298 0.12 0.11 [-0.11, 0.34] .291 

Age - - - - 1.29 0.48 [0.46, 2.15] .009 

SS - - - - 0.08 0.06 [-0.04, 0.18] .188 

 F4,64 = 1.69, p = .163, R2
Adj = .039 F6,62 = 2.78, p = .019, R2

Adj = .136 

Note: a. Calculated based on standard errors derived from a non-parametric bootstrapping 

method (1000 replications). Gender (0 = Female, 1 = Male). Sensation Seeking (SS). 

For average speed when manoeuvring a shallow curve within the sunny 50 km/h 

Zone, Model 1 significantly explained 20.2% of the variance, but none of the individual 

variables were significant predictors. Introducing SS and Motor skills to the regression model 

significantly explained an additional 5.1%, with SS uniquely predicting speed. When 

manoeuvring a sharp curve within the same speed zone, Model 1 significantly explained 
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17.9% of the variance and only Ordinary Violations uniquely predicted speed. Introducing SS 

to the regression model significantly explained an additional 9% of the variance. In Model 2, 

SS uniquely predicted speed and Ordinary Violations no longer was a significant predictor. 

For average speed when manoeuvring a shallow curve within the sunny 80 km/h 

Zone, Model 1 significantly explained 10.2% of the variance and only Ordinary Violations 

uniquely predicted speed. Introducing SS and Experience to the regression model 

significantly explained an additional 3.5% of the variance. In this model, experience uniquely 

predicted speed though Ordinary Violations no longer was a significant predictor. When 

manoeuvring a sharp curve within the same speed zone, Model 1 explained only 1.8% of the 

variance, though this was not significant, and none of the individual variables were 

significant predictors. Introducing SS to the regression model explained an additional 8.3% of 

the variance, though this was not significant and none of the individual variables were 

significant predictors of speed. 

For average speed when manoeuvring a shallow curve within the sunny 100 km/h 

Zone, Model 1 significantly explained 13.2% of the variance and only Ordinary Violations 

uniquely predicted speed. Introducing age, experience, and SS to the regression model 

significantly explained an additional 1.1% of the variance and Ordinary Violations continued 

to uniquely predict speed. When manoeuvring a sharp curve within the same zone, Model 1 

explained 3.9% of the variance. Although Ordinary Violations uniquely predicted speed, this 

model did not significantly explain the variance. Introducing age and SS to the regression 

model significantly explained an additional 9.7% of the variance with both Ordinary 

Violations and age uniquely predicting speed. 

Foggy Condition. 

A series of hierarchical multiple linear regression analyses were performed for each 

behaviour in the foggy Curve task, these are presented in Table 3.10. 
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Table 3.10 

Summary of Multiple Linear Regressions Analyses for Self-report Measures Predicting 

Average Speed Behaviours within the Foggy Curve Task 

Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Foggy 50 km/h Shallow 

Constant 43.50 3.55 [37.13, 51.66] .001 42.51 3.70 [35.96, 50.89] .001 

Gender -0.26 0.65 [-1.59, 0.98] .710 -0.27 0.65 [-1.52, 0.94] .685 

Ordinary 

Violations 
0.32 0.15 [0.04, 0.55] .033 0.28 0.15 [-0.01, 0.50] .064 

Risky Driving 0.08 0.11 [-0.13, 0.34] .505 0.03 0.11 [-0.17, 0.29] .766 

Safety 0.03 0.07 [-0.11, 0.14] .625 0.04 0.07 [-0.11, 0.15] .587 

SS - - - - 0.04 0.02 [-0.01, 0.08] .063 

 F4,64 = 3.59, p = .011, R2
Adj = .132 F5,63 = 3.35, p = .010, R2

Adj = .147 

 Foggy 50 km/h Sharp 

Constant 41.19 4.55 [32.26, 52.28] .001 39.52 4.68 [30.15, 51.14] .001 

Gender -0.10 0.74 [-1.55, 1.39] .902 -0.12 0.73 [-1.56, 1.30] .875 

Ordinary 

Violations 
0.30 0.16 [0.05, 0.55] .059 0.23 0.14 [0.01, 0.44] .111 

Risky Driving 0.05 0.12 [-0.16, 0.28] .697 -0.03 0.12 [-0.23, 0.21] .796 

Safety 0.07 0.09 [-0.10, 0.20] .445 0.08 0.09 [-0.09, 0.21] .378 

SS - - - - 0.07 0.03 [0.02, 0.11] .018 

 F4,64 = 1.87, p = .127, R2
Adj = .048 F5,63 = 2.42, p = .0.45, R2

Adj = .095 

 Foggy 80 km/h Shallow 

Constant 51.28 7.00 [36.10, 64.25] .001 40.47 8.28 [23.82, 55.95] .001 

Gender -1.59 1.73 [-5.44, 1.66] .354 0.01 1.82 [-3.67, 3.42] .992 

Ordinary 

Violations 
0.44 0.32 [-0.19, 1.04] .148 0.24 0.28 [-0.24, 0.69] .372 

Risky Driving 0.15 0.19 [-0.22, 0.63] .451 0.07 0.21 [-0.36, 0.65] .705 

Safety 0.20 0.13 [-0.04, 0.47] .105 0.21 0.12 [-0.02, 0.45] .072 

Errors - - - - 0.19 0.34 [-0.49, 0.98] .548 

Lapses - - - - 0.90 0.35 [0.16, 1.60] .019 

 F4,64 = 1.32, p = .272, R2
Adj = .018 F6,62 = 2.76, p = .019, R2

Adj = .135 
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Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Foggy 80 km/h Sharp 

Constant 49.76 5.85 [39.44, 60.81] .001 41.32 6.96 [29.33, 54.14] .001 

Gender -2.68 1.59 [-6.20, 0.42] .092 -1.40 1.59 [-4.68, 1.74] .410 

Ordinary 

Violations 
0.51 0.29 [-0.18, 1.11] .074 0.35 0.28 [-0.34, 0.92] .201 

Risky Driving 0.12 0.15 [-0.15, 0.41] .433 0.07 0.16 [-0.23, 0.38] .658 

Safety 0.21 0.12 [-0.08, 0.48] .067 0.22 0.12 [-0.07, 0.47] .045 

Errors - - - - 0.10 0.29 [-0.49, 0.75] .716 

Lapses - - - - 0.76 0.30 [0.07, 1.38] .016 

 F4,64 = 2.15, p = .085, R2
Adj = .063 F6,62 = 3.08, p = .010, R2

Adj = .155 

 Foggy 100 km/h Shallow 

Constant 57.51 8.38 [41.21, 72.74] .001 31.21 16.20 [-3.87, 61.87] .060 

Gender -0.89 2.03 [-5.56, 3.41] .668 0.05 2.31 [-4.80, 4.55] .982 

Ordinary 

Violations 
0.66 0.37 [-0.06, 1.31] .072 0.45 0.36 [-0.25, 1.11] .203 

Risky Driving 0.18 0.29 [-0.40, 0.80] .546 0.03 0.33 [-0.61, 0.66] .928 

Safety 0.17 0.17 [-0.20, 0.56] .329 0.19 0.17 [-0.18, 0.50] .274 

Age - - - - 0.82 0.79 [-0.69, 2.68] .288 

Lapses - - - - 0.97 0.43 [0.16, 1.84] .028 

SS - - - - 0.05 0.09 [-0.14, 0.21] .590 

 F4,64 = 1.37, p = .256, R2
Adj = .021 F7,61 = 1.91, p = .083, R2

Adj = .086 

 Foggy 100 km/h Sharp 

Constant 55.82 7.36 [40.05, 69.57] .001 46.69 8.09 [30.14, 61.68] .001 

Gender -1.58 2.00 [-5.50, 2.03] .422 -0.11 2.09 [-4.42, 4.01] .957 

Ordinary 

Violations 
0.74 0.30 [0.08, 1.40] .016 0.54 0.30 [-0.08, 1.17] .066 

Risky Driving 0.00 0.23 [-0.42, 0.50] .999 -0.03 0.23 [-0.45, 0.42] .884 

Safety 0.22 0.15 [-0.07, 0.48] .131 0.23 0.14 [-0.04, 0.47] .087 

Lapses - - - - 0.94 0.36 [0.23, 1.88] .017 

 F4,64 = 1.24, p = .303, R2
Adj = .014 F5,63 = 2.24, p = .061, R2

Adj = .083 

Note: a. Calculated based on standard errors derived from a non-parametric bootstrapping 

method (1000 replications). Gender (0 = Female, 1 = Male). Sensation Seeking (SS). 

For average speed when manoeuvring a shallow curve within the foggy 50 km/h 

Zone, Model 1 significantly explained 13.2% of the variance and only Ordinary Violations 

uniquely predicted speed. Introducing SS and Safety skills to the regression model 

significantly explained an additional 1.5% of the variance, though none of the individual 

variables significantly predicted speed. When manoeuvring a sharp curve within the same 
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zone, Model 1 explained 4.8% of the variance; however, this model was not significant. 

Introducing SS to the regression model significantly explained an additional 4.7% of the 

variance, with SS uniquely predicting speed. 

For average speed when manoeuvring a shallow curve within the foggy 80 km/h 

Zone, Model 1 explained 1.8% of the variance though this was not significant. Introducing 

Errors and Lapses to the regression model significantly explained an additional 11.7% of the 

variance. In this model, Lapses uniquely predicted speed. When manoeuvring a sharp curve 

within the same zone, Model 1 explained 6.3% of the variance though this was not 

significant. Introducing Errors and Lapses to the regression model significantly explained an 

additional 9.2% of the variance. In this model, both Lapses and Safety skills uniquely 

predicted speed. 

For average speed when manoeuvring a shallow curve within the foggy 100 km/h 

Zone, Model 1 explained 2.1% of the variance though this was not significant. Introducing 

age, Lapses, and SS to the regression model explained an additional 11.7% of the variance. In 

this model, Lapses uniquely predicted speed. When manoeuvring a sharp curve within the 

same zone, Model 1 explained 1.4% of the variance. Although Ordinary Violations uniquely 

predicted speed, this model did not significantly explain the variance. Introducing Lapses to 

the regression model explained an additional 6.9% of the variance. Although this model was 

not significant in explaining speed variance, Lapses uniquely predicted speed though 

Ordinary Violations no longer was a significant predictor. 

A summary of all the best fitting models and their predictor variables from the 

hierarchical multiple regressions across both Straight and Curve tasks is shown in Table3.11. 
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Table 3.11  

Summary of the Hierarchical Multiple Regressions indicating Regression Coefficients of each Predictor Variable 

   Constant Gender OV RD Safety SS Lapses Age Exp. Errors NE Motor 

Straight 

Task 

Sunny 

50 km/h 24.71 3.61 0.62 0.25 0.15 0.12       

80 km/h 74.96 0.21 0.23 -0.19 -0.01 0.07       

100 km/h 67.17 2.79 0.79 -0.11 0.24 0.04         0.21 0.10 

Curve 

Task 

Sunny 

50 km/h Sw 33.04 0.97 0.27 0.00 0.13 0.08     0.12 0.04 

50 km/h Shp 34.27 -0.35 0.35 0.06 0.10 0.12       

80 km/h Sw 60.38 0.31 0.36 0.01 0.08 0.05   0.54    

80 km/h Shp 55.40 -1.03 0.26 -0.02 0.15 0.08       

100 km/h Sw 60.91 -0.52 0.87 -0.17 0.03 0.07  0.51 0.48    

100 km/h Shp 39.26 -2.04 0.65 -0.19 0.12 0.08   1.29         

Straight 

Task 

Foggy 

50 km/h 32.89 1.58 0.32 0.06 0.19 0.08       

80 km/h 48.27 -1.70 0.45 0.04 0.18 -0.08 1.07      

100 km/h 43.52 -0.16 1.16 0.04 0.37 -0.10 1.56           

Curve 

Task 

Foggy 

50 km/h Sw 42.51 -0.27 0.28 0.03 0.04 0.04       

50 km/h Shp 39.52 -0.12 0.23 -0.03 0.08 0.07       

80 km/h Sw 40.47 0.01 0.24 0.07 0.21  0.90   0.19   

80 km/h Shp 41.32 -1.40 0.35 0.07 0.22  0.76   0.10   

100 km/h Sw 31.21 0.05 0.45 0.03 0.19 0.05 0.97 0.82     

100 km/h Shp 46.69 -0.11 0.54 -0.03 0.23   0.94           

 
Note: N = 69. Highlighted cells indicate significance at the 0.05 level. Experience (Exp.). Ordinary Violations (OV). Negative Emotion 

(NE). Risky Driving (RD). Sensation Seeking (SS). Errors, Lapses, and OV are the DBQ subscales. NE, and RD are the DDDI Subscales. 

Motor and Safety are the DSI subscales. Gender (0 = Female, 1 = Male). 
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Driver Behaviour Questionnaire Data 

Inspection of the DBQ data revealed that the questionnaire was incorrectly input as a 

five-point scale rather than a six-point scale, and the labels for the middle points were 

different than previous research. As such, Table 3.1 showed the possible range of the DBQ as 

a five-point rather than a six-point scale. This human error greatly influenced participants’ 

responses to the DBQ resulting in greater skewness of data as almost no one endorsed 

behaviour frequencies above the middle point. This was not identified in data screening as the 

DBQ did not have any outliers; as such, viewing the data for incorrect input was not 

warranted at the time of assessing normality and outliers. Therefore, the planned analyses 

were carried out. In light of this input error, further hierarchical regression analyses were 

performed which excluded the DBQ (see Appendix D). Removal of the DBQ from the 

regression analyses resulted in fewer models significantly explaining the behaviour variance, 

especially so under foggy conditions. In the sunny condition, average speed behaviours in the 

100 km/h speed zone for the Curve task were no longer significantly explained. However, 

across all behaviours in the foggy condition, only two behaviours in the 50 km/h speed zone 

remained significantly explained. 
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Chapter 4 Discussion 

The main objectives of the present study were to examine how drivers adapted their 

average speed to different environmental conditions and to what degree self-report measures 

could explain these behaviours. Prior transport research has predominantly investigated how 

drivers behave in optimal weather conditions and the risk factors contributing to these 

behaviours, yet there is limited examination of what risk factors explain behaviours in foggy 

weather conditions. The third objective of the present study examined whether performance 

measures such as driver speed were reliable within the simulator. Though past research has 

investigated the validity of simulators (Hussain et al., 2019; Schechtman et al., 2009; Wynne 

et al., 2019), simulator reliability has only been touched on (Akinwuntan et al., 2009; Irwin et 

al., 2013). The results of the current study extend previous findings and fill the existing gap 

in research. Each objective is summarised and discussed below. 

Main Findings 

Test-Retest Reliability 

Though many studies have explored the validity of vehicle simulators, test-retest 

reliability research is lacking. The secondary objective of the current study was to examine 

whether performance variables were reliable within the simulator over time. In this study, the 

two simulator sessions were separated by at least four days rather than a few hours to ensure 

that the retest measure reflected behaviour independent of previous immediate simulator 

sessions. The results demonstrated that all bar one behaviour (average speed on straights 

within the foggy 80 km/h zone) showed no significant differences, supporting the second 

hypothesis that individuals’ performance is reliable over time within the STISIM DRIVE® 3 

simulator.  

These results are consistent with Irwin et al.’s (2013) findings that drivers’ general 

average speed is reliable over time. Additionally, the results further extend the reliability of 
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average speed behaviours to both straight and curve segments, suggesting that practice effects 

did not occur for most speed behaviours. The lack of practice effects for average speed 

differed from those observed in Charlton and Starkey’s (2013) simulator familiarity study; 

however, participants’ speed differences found in their study were seen across multiple (at 

least 10) identical routes whereas the current study used routes with the same events, but 

restructured the order. This difference in route familiarity suggests that individuals who drive 

unfamiliar routes will adhere to a consistent behavioural pattern that is also dependent on the 

driving context (i.e., average speed may differ across various visibility conditions but will be 

consistent within the condition itself). 

Keeping in line with previous suggestions that carrying out simulator tasks at different 

times of the day influences driver behaviour (Lenné et al., 1997), most participants started 

both their Phase Two sessions at approximately the same time. However, the range of days 

between the two sessions was larger than originally planned. Due to the high number of 

students recruited and the sessions occurring during a typical university semester, many 

students were unavailable during mid-semester break which contributed to the larger than 

expected difference. Despite this occurrence, all participants finished Phase Two within three 

weeks of starting Phase Two and is not believed to have altered participants’ behaviour 

significantly. 

Behavioural Adaption to Visibility Changes 

The current study examined how participants altered their behaviour within a driving 

simulator when carrying out driving tasks under both clear and impaired visibility conditions. 

In line with the fourth hypothesis, participants’ average speed decreased for all speed zones 

and curve depths when driving with impaired visibility compared to clear visibility. For the 

Straight task, these data trends support previous findings that participants’ average speed will 

significantly decrease as visibility is reduced (Brookes et al., 2011; Li et al., 2015; Yan et al., 
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2014), with average speed behaviour decreasing in all three speed zones. For the Curve task, 

the results conflicted with previous findings of average speed within the curve. Previous 

findings support that drivers have lower speeds in heavy fog on approach to the curve (Li et 

al., 2015), but, within the curve segment, average speed is higher in heavy fog compared to 

no fog conditions (Li et al., 2015; Yan et al., 2014). However, the conflict between the 

current findings and previous research could be explained by the methodology of identifying 

the curve segment and that average speed cannot be accounted for by speed zone. Both 

previous studies examined average speed on S-bends and recorded average speed from within 

the curve segment, whereas the current study differentiated sharp and shallow corners, and 

incorporated the 100 m straight segment preceding the curve. Li et al. (2015) acknowledges 

that participants did not maintain a consistent speed within the S-curve as they altered their 

speed to the road geometry, thus, the current findings extends the literature by exploring 

behavioural adaptions to impaired visibility specific to curve depths. 

The behavioural adaptions between each speed zone differed in magnitude indicating 

that individuals alter their behaviour to varying degrees depending on the speed zone. Within 

the Straight task, this relative adaption is evident by the small (~3 km/h) change in the 50 

km/h speed zone and the larger (~15 km/h) change in the 100 km/h speed zone. However, it 

should be noted that participants’ average speed in the 50 km/h speed zone was above the 

speed limit for both sunny and foggy conditions by approximately 5 km/h and 2 km/h, 

respectively, compared to higher speeds zones where individuals’ average speed was either at 

or below the speed limit. This suggests that individuals are comfortable driving above the 

speed limit in the ‘low-range’ speed zones on straight segments even when visibility is 

reduced but are less comfortable driving at the speed limit in simulated foggy weather at 

higher speeds.  
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Similar to the Straight task, in the Curve task there was a larger decrease in average 

speed between visibility conditions as the speed zone progressed. Upon closer inspection, 

speed reductions between sunny and foggy conditions were greater for shallow curves than 

for sharp curves, demonstrated by speed reductions between visibility conditions nearly 

doubling when participants navigated shallow curves compared to sharp curves within the 

100 km/h speed zone. However, the smaller changes across sharp curves could be explained 

as a floor effect. Participants were already travelling at lower speeds through sharp curves so 

did not alter their behaviour to as great an extent than across shallow curves. The floor effect 

also explains why there was less change in speed within foggy environments compared to 

sunny conditions, with speed differences between curve depths more than doubling when 

driving in higher speeds in clear conditions (i.e., 80 km/h and 100 km/h) than in fog. 

Behaviour Prediction 

Self-report Measures. 

DBQ. 

To ensure the self-report measures are reliable assessments for the current sample, it 

was important to examine the structure of self-report measures and their construct 

associations. This examination is especially needed in the New Zealand context as there is a 

lack of studies confirming the factor structures of the current measures within the New 

Zealand population. As far as the author is aware, the DBQ is the only driving-related 

questionnaire used in the current study validated and undergone CFA using a New Zealand 

sample (Sullman et al., 2019); however, the current study used Stephen and Fitzharris’s 

(2016) version of the DBQ validated in Australia as Sullman et al.’s (2019) study was not yet 

published when the data collection and analyses were planned. Of all self-report measures, 

only the DBQ did not show acceptable reliability nor did the four-factor model fit the current 

sample. After additional inspection of the data, it was found that human error when inputting 
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the DBQ resulted in a five-point scale with incorrectly labelled middle points rather than a 

six-point scale. This possibly led to participants’ responses skewed to 1-2 points rather than 

endorsing responses of 3 or above. It should be noted though Sullman et al. (2019) found that 

Stephen and Fitzharris’s (2016) DBQ model did not fit a New Zealand sample, only after 

removing certain uncorrelated items did the revaluated model fit a New Zealand sample. 

Despite the DBQ model error, theoretical distinctions still occurred such as the DBQ 

Ordinary Violations strongly correlating with the DDDI Risky Driving subscale and the DBQ 

Aggressive Violations strongly correlating with the emotionally-toned DDDI Aggressive 

Driving and Negative Emotion subscales. Additionally, excluding the DBQ in the regression 

analyses resulted in fewer models significantly explaining the behavioural variance, 

especially in the foggy conditions. Therefore, the DBQ associations will be discussed further. 

As the DBQ Ordinary Violations correlated with all other self-report measures except 

for age and Lapses, the first hypothesis was supported. As expected, Ordinary Violations 

strongly correlated with Risky Driving as both measures assessed an individuals’ tendency to 

engage in unsafe driving practices, keeping in line with Richer and Bergeron (2012). 

Although many studies find that age negatively correlates with Ordinary Violations (de 

Winter & Dodou, 2010; Guého et al., 2014; Martinussen et al., 2014), the current results 

found no significant correlations. This could be explained by the restricted age range as many 

studies recruited a broader age range, providing a clearer link to age. Additionally, the 

skewed responses to the DBQ subscales would limit the ability the DBQ would correlate with 

a small age range. 

In relation to observed behaviours, the DBQ subscales provided a mixture of 

correlations. Most notable was the distinction between the Ordinary Violations and Lapses 

subscales. Ordinary Violations correlated more with average speed behaviours in sunny 

conditions, whereas Lapses correlated more with behaviours in higher speed zones in foggy 
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conditions. Research has predominately examined the extent that self-report measures can 

predict behaviours in clear, optimal conditions and similarly found that the Ordinary 

Violations subscale significantly predicts average speed on straight roads (Erkuş & Özkan, 

2019) and around curves (Charlton, 2004); however, these results do not seem to translate to 

behaviours in suboptimal weather. Studies examining behaviour in foggy weather conditions 

tend to examine the behavioural changes across visibility conditions (Rosey et al., 2017), yet 

only relate behaviour to demographic differences (Mueller & Trick, 2012; Li et al., 2015; 

Yan et al., 2014). Therefore, the current findings suggest that the DBQ Ordinary Violations 

subscale generalises only to behaviour in optimal conditions. This limited generalisation of 

Ordinary Violations may be due to the DBQ not identifying any behaviours that occur 

specifically in bad weather conditions, thus, it could be assumed that participants answered 

the questionnaire in relation to driving in optimal weather. Though the same could be said 

about the Lapses subscale, being susceptible to mental lapses could occur in any weather 

condition while the frequency of risky driving behaviours may decrease when experiencing 

bad weather. 

DDDI. 

Similar to the DBQ Ordinary Violations, DDDI Risky Driving significantly correlated 

with most self-report measures, yet differed to Ordinary Violations through the lack of 

significant correlations with Lapses and Safety skills. These correlations are mostly 

consistent with past research (Ge et al., 2017; Iliescu & Sârbescu, 2013; Qu et al., 2014), 

however, Qu et al. (2014) found that Risky Driving moderately correlated with Lapses. As 

the Lapses subscale assesses behaviours similar to that of mind wandering, Qu et al. (2015) 

further examined the association between the DDDI and self-reported mind wandering. 

Consistent with Qu et al. (2014), they found that Risky Driving strongly correlated with 

individuals’ self-reported mind wandering tendency. Both of these studies conflict with the 
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current findings indicating no significant association between Risky Driving and Lapses; 

however, this may be because of cultural differences as both Qu et al. (2014) and Qu et al. 

(2015) recruited participants from China compared to the New Zealand sample recruited in 

the current study. With regards to the other DDDI subscales, Negative Emotion strongly 

correlated with both DDDI Aggressive Driving and DBQ Aggressive Violations, 

strengthening the idea that these three subscales relate to emotionally-toned driving 

behaviours.  

Although all DDDI subscales correlated with other self-report measures, only Risky 

Driving was consistently correlated with average speed behaviours. Risky Driving correlated 

with all average speed behaviours that also correlated with Ordinary Violations except for 

one, providing further support that the Risky Driving and Ordinary Violations measures are 

closely related. In contrast, Negative Emotion only correlated with two behaviours, 

Aggressive Driving with none, suggesting that driver speed is not related to an individuals’ 

emotional state or susceptibility to aggressive driving. However, no DDDI subscale uniquely 

predicted any average speed behaviour in the regression analyses. This could be attributed to 

the low variance and restricted range observed in participants’ DDDI scores reducing the 

extent of the DDDI measure to predict behaviour.  

DSI. 

Examining participants’ Motor skills, all significant correlations with other self-report 

measures were positive except for individuals’ self-reported frequency of Lapses, consistent 

with Martinussen et al. (2014). Two conflicting explanations could explain this negative 

correlation. First, it may be that confident drivers are generally more aware of their driving 

behaviour and are, therefore, less prone to mental lapses while driving. This could be 

explained through their acknowledgement of engaging in more aberrant driving and the 

assumption that to ensure their own safety is to ensure they are mentally aware of their 
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actions. Alternatively, if higher perceived Motor skills is due to overconfidence rather than 

actual skill, then the drivers would be less aware of their fallacies, thereby, underestimating 

the frequency of their driving lapses. Although young drivers are found to be overconfident 

compared to older, more experienced drivers (Mynttinen et al., 2009), the current findings 

demonstrated that males perceived their Motor skills as higher than females, but no gender 

differences were found for Lapses, suggesting the likeliness of the two aforementioned 

explanations is dependent on gender. For instance, males may be highly overconfident in 

their driving ability, yet unaware of their lapses while driving, compared to females who may 

be more aware while driving, thus, less likely to be susceptible to mental lapses. Although 

individuals who report more lapses of attention tend to perform worse on memory and 

concentration tasks (Unsworth & Robison, 2016), if confident individuals underreport driving 

lapses then performance on attention and concentration tasks should be mediated by 

individuals’ level of driving confidence. 

In relation to the role of perceived skill on driver behaviour, Motor skills positively 

and Safety skills negatively correlated with Ordinary Violations, yet only correlated with a 

total of three average speed behaviours. Though the DSI correlations with other self-report 

measures were consistent with Martinussen et al. (2014), the fact that it correlated with few 

speed measures suggests that the DSI is more indicative of behaviour-as-imagined rather than 

behaviour-as-done. Therefore, self-perceived skill may not translate to on-road driving 

behaviour. This may be due to the DSI not differentiating between confident, competent 

drivers and overconfident, incompetent drivers without clustering drivers into subgroups. 

Additionally, Amado et al. (2014) found that males tend to be more confident in their driving 

compared to their peers, but this confidence correlated with worse on-road driving 

performance such as more traffic light and speed errors. 
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SS. 

In contrast with perceived skill, individuals’ SS significantly correlated with most 

self-reported behaviours. Many of the correlations were consistent with past research 

including Ordinary Violations (Schwebel et al., 2006), gender differences (Delhomme et al., 

2012), and Risky Driving (Smorti et al., 2018). However, the positive correlation between SS 

and age in the current study conflicts with Delhomme et al. (2012) finding very little SS 

differences across individuals under 26 years old, and that of de Winter et al. (2018) stating 

that as age increases over a broad range (i.e., 18–84 years old), SS tends to decrease. These 

inconsistent SS correlations could be due to the maturation of SS tendencies in individuals as 

they age, peaking in young adulthood before declining over time (Zuckerman, 2004). The 

growth and subsequent decline of SS would explain why research examining individuals 

across broader age ranges find negative relationships between the two variables and why 

studies examining younger individuals find inconsistent relationships. 

In relation to observed average speed behaviours, SS correlated with all behaviours in 

the sunny condition, and behaviours in the low speed zones in foggy conditions. These 

correlations further strengthen past findings that SS largely correlates with driving speed 

(Eherenfreund-Hager et al., 2017; Riendeau et al., 2018), although the fact that SS did not 

correlate with many behaviours in higher speed zones in foggy conditions suggest that 

driving faster in higher speeds zones is not to satisfy SS.  

Age and Experience. 

Moderate correlations were found between age and experience; however, previous 

research observed stronger relationships. In particular, Delhomme et al. (2012) found strong 

correlations of .83 compared to the .31 found in the current study. The difference in strength 

could be due to the participant pool whereby the current study recruited mainly university 

students who may have less need to drive, given many university buildings are within close 
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walking proximity to residential areas, as opposed to individuals under 26 years old from 

randomly chosen phone numbers. Furthermore, the low correlation strength could reflect that 

New Zealand youth are not as strongly inclined to gain their driver licence as they once were. 

Since 2006, the number of individuals aged 15 – 19 years old holding a driver licence has 

decreased compared to most other age groups showing increased numbers of licence holders 

(Ministry of Transport, 2019e). The different correlations that age and experience have with 

other self-report measures support previous research stating that age and experience should 

be measured independently (McCartt et al., 2009). Although both age and experience 

correlated with Risky Driving, age correlated with SS and experience correlated with 

Ordinary Violations and Motor skills. These correlations suggest that both age and 

experience associate with risky driving behaviours but in distinct ways. For instance, SS 

tends to peak in young adulthood then declines over age, thus influencing an individual’s 

tendency to satisfy their SS needs, whereas younger individuals with greater experience tend 

to believe they have greater motor control, thus may believe they can safely engage in more 

risk-taking behaviours. 

In relation to observed behaviours, different patterns were found for age and 

experience. Age correlated with most average speed behaviours when manoeuvring curves in 

the 100 km/h speed zone across both visibility conditions. Experience correlated with average 

speed behaviours in the sunny condition but did not correlate with any behaviours in the 

foggy condition which could be due to two reasonings. First, that participants may have had 

little experience driving in heavy fog conditions. Second, that both experienced and 

inexperienced drivers recognise that their driving speed should decrease when visibility 

becomes dramatically impaired. 
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Gender. 

More gender differences were found across self-report measures than for either age or 

experience. Males reported higher Ordinary Violations, Risky Driving, and SS, though no 

gender differences were found for Aggressive Driving and Safety skills, partially supporting 

the second hypothesis. No gender differences for DDDI Aggressive Driving or DBQ 

Aggressive Violations adds to the inconsistency across driving research of aggression-related 

gender effects (Deffenbacher et al., 2016). Prior research suggests that males show more 

aggressive driving behaviours (Berdoulat et al., 2013; Sullman, 2015), yet this gender 

difference is not consistent as other researchers found no to little effect, similar to the current 

study (Delhomme et al., 2012; Ge et al., 2017), and some found that females engage in more 

aggressive driving behaviours (Ābele et al., 2020; Deffenbacher et al., 2002). Additionally, 

males reported less Lapses and better Motor skills than females. These gender differences 

may suggest that males underreport their susceptibility to mental lapses, thus, believe their 

motor driving ability is also better. This thinking may result from overconfidence in their 

driving as generally males are more confident in their Motor skills than females (Sümer et al., 

2006), however, further research into individuals’ inattention while driving is required, 

especially in foggy environments. 

Across observed behaviours, gender differences were found across all low speed 

zones except for when driving around a curve in the foggy condition. This suggests that 

males are more likely to drive faster in low speed areas such as in cities or suburban streets 

but neither gender is more likely to drive faster in higher speed zones such as highways. 

Rather than strictly reflecting gender differences, driving faster in low speed zones could be 

attributed to the behaviour of ‘high-risk’ individuals as males, higher Ordinary Violations, 

Risky Driving, and SS all correlated with faster average speeds across the 50 km/h speed 

zones. Additionally, the combination of these ‘high-risk’ factors and Safety skills 
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significantly explained all average speed behaviours in the 50 km/h speed zone, further 

supporting the identification of ‘high-risk’ drivers. Using only the DBQ and DSI, 

Martinussen et al. (2014) similarly identified ‘high-risk’ individuals as those reporting higher 

frequencies of Ordinary Violations and low Safety skill as well as finding that males were 

more likely to be in this risky driver group. 

Simulated Driving Behaviours.  

Overall, 13 of 18 average speed behaviours could be significantly explained by self-

report measures. For the Straight task, all average speed behaviours across the 50 km/h and 

100 km/h speed zones could be significantly explained, partially supporting the sixth 

hypothesis. For the Curve task, 9 of 12 behaviours could be significantly explained, though 

only after additional variables were incorporated into the regression models, thus, partially 

supporting the seventh hypothesis. Average variance of significantly explained behaviours 

ranged between 13.3% to 28.7% in the Straight task and between 9.5% to 26.9% in the Curve 

task, with more variance being explained in the sunny condition than in the foggy condition. 

These values are slightly lower than that of Erkuş and Özkan (2019), whereby they found that 

Ordinary Violations and Motor skills significantly explained between 22% to 35% of speed 

variance across three different speed zones and overall speed in clear conditions, and at least 

37% of variance was explained when using all four DBQ subscales and driver positivity. 

However, Erkuş and Özkan (2019) reported R2 values which increases explained variance as 

more predictors are added rather than R2
adj values reported in the current study which adjusts 

for the number of predictors in the regression model. Therefore, the higher predictive 

variance values found in Erkuş and Özkan’s (2019) study possibly inflates the actual 

predictive power. Regardless of the value difference, the current findings support that 

variations of most of the average speed behaviours can be explained through self-report 

measures. 
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However, in the Straight task, average speed variance could not be explained in the 80 

km/h speed zone. It could be reasoned that this behaviour in the sunny condition could not be 

explained due to the significant differences in Time 1 and Time 2 average speed values. 

Averaging the speed values over time may not reflect participants’ actual driving behaviour, 

however, this cannot be stated for behaviour in the foggy condition. Alternatively, it may 

suggest that young driver behaviour in 80 km/h speed zones along straight segments cannot 

be explained by certain risk factors compared to low- or high-end speed zones. In the Curve 

task, average speed behaviours in the 100 km/h speed zone could be explained in sunny 

conditions but not in foggy conditions. This difference may suggest that all drivers, 

regardless of their risk factor, alter their behaviour in high speed foggy environments. 

Furthermore, the current findings indicate a greater distinction between the sunny and foggy 

conditions rather than between the Straight and Curve tasks in relation to the self-report 

measures explaining behaviours. 

Behaviours in the sunny condition correlated more with SS, Ordinary Violations, and 

Risky Driving, yet this was not found for most behaviours in the foggy condition. The 

hypothesised regression models in the foggy condition mostly explained less than 5% of 

speed variance, but the introduction of the Lapses subscale uniquely predicted all speed 

behaviours across the 80 km/h and 100 km/h speed zones. This suggests that the risk factors 

predominately found across research to identify high-risk drivers do not generalise to 

behaviour in suboptimal weather as SS predominantly associated with faster average speed 

behaviour in sunny conditions, though Lapses uniquely explained average speed behaviours 

in higher speed zones in suboptimal weather. This distinction suggests differences in driver 

behaviour across weather conditions as thrill-seeking individuals may drive more 

appropriately in foggy weather. That is, thrill-seeking individuals either do not get the same 
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SS thrill from driving faster or they understand the increased risk of their behaviour in higher 

speed zones so reduce their speeding.  

However, Lapses adding unique variance to the regression models in higher speeds in 

foggy conditions indicate that drivers more susceptible to mental lapses drive faster in foggy 

environments, compared to those high in SS, for example. This could be due to individuals 

automating their behaviour during prolonged driving in suboptimal weather. Although 

drivers’ cognitive workload increases when first driving in fog, leading to decreased speeds 

(Campbell & Stradling, 2003), prolonged driving in a monotonous environment could lead to 

mind wandering due to the increased likeliness of driver fatigue (Thiffault & Bergeron, 

2003), with mind wandering linked to faster driving in young male drivers (Albert et al., 

2018). However, previous research examining average speed in foggy conditions have not 

differentiate curve severity as well as administer self-report questionnaires such as the DBQ 

alongside observing driver behaviour (Li et al., 2015; Yan et al., 2014). Therefore, further 

research investigating the effects of driving in prolonged foggy conditions on straight and 

curve roads is required. 

Across all self-report measures, neither the DBQ Aggressive Violations nor the DDDI 

Aggressive Driving correlated with any average speed behaviours, yet SS tended to correlate 

with most behaviours. These correlations suggest that driving faster is not necessarily driven 

by aggressive motivations, as compared to unsafe headway distances (Richer and Bergeron, 

2012), but more to satisfy SS tendencies. This is in line with previous research stating the 

substantial role individuals’ SS plays in predicting driving behaviour as well as their self-

awareness of engaging in dangerous driving (Delhomme et al., 2012; Rahemi et al., 2017). 

Overall, the current results suggest considering multiple factors in understanding 

driver behaviour. Although SS was found to correlate with many average speed behaviours, 

introduction of additional variables led to greater explanation of average speed variances. 
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Additionally, introducing additional variables altered the power that initial variables could 

uniquely predict behaviour (e.g., adding Lapses to regression model can remove the Ordinary 

Violations subscale as a significant predictor of average speed). These interactions suggest 

that considering multiple factor interactions, rather than isolated factors, better predicts risky 

driving. However, identifying faster average speed behaviours may be more consistently 

related to certain factors such as higher SS, Ordinary Violations, Lapses, and Risky Driving, 

context-dependent for other factors such as gender, age, and experience, or no relation to 

average speed like Aggressive Driving and Aggressive Violations. 

Limitations 

The main limitation of the present study was the incorrect response scale for the 

DBQ. This potentially further skewed participants’ responses than what was expected and 

could have been the cause to why the DBQ did not have adequate model fit or reliability. 

Despite this limitation, the DBQ showed distinct differences in its associations with other 

self-report measures and predicting behaviours within the driving simulator. If the DBQ was 

correctly input then the factor structure may have reliably fit the current sample; in addition, 

the predictive power of the DBQ would possibly be stronger and the Ordinary Violations 

subscale may have uniquely explained more average speed variance. Though the results offer 

theoretical suggestions, these must be taken with caution. 

A second limitation that must be stated was the overall low sample size. The current 

sample size was too small to perform CFA adequately and underpowered for most of the 

regression analyses. Additionally, there was a relatively low number of male participants 

compared to females. Of all 69 participants, 25 were males (36%) consequently leading to the 

possible limitation that any gender effects shown were not accurately representative of actual 

gender effects. During the course of this study, few males were signing up to participate, 

subsequently leading to the specific recruitment of males only for a period of time. This 
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ensured that a greater number of males were involved, though a greater sample number may 

provide more clear gender associations.  

Future Research 

An avenue for future research is to explore what cues drivers use when approaching 

corners in visually impaired conditions. Previous research suggests that the effectiveness of 

visual search patterns decrease in poorer visibility conditions (Konstantopoulos et al., 2010) 

and the current findings suggest that drivers navigate various curve depths differently when 

driving in foggy weather compared to clear weather. Therefore, it can be implied that as 

drivers approach various corners differently in poor visibility conditions, individuals use 

different cues in foggy compared to sunny weather to determine their speed around corners.  

As previously discussed, although the DBQ itself comprised a main limitation of the 

current study, the fact that the Lapses and Ordinary Violations subscales demonstrated 

distinct differences in behaviour prediction leads to the theoretical suggestion that mind 

wandering influences driving in poor visibility, potentially due to the increased likeliness of 

driver fatigue from more monotonous environments (Thiffault & Bergeron, 2003). Therefore, 

future research should examine whether individuals lose concentration and attention when 

driving in suboptimal weather conditions over prolonged periods, and whether this is because 

driving in fog is more difficult, or because it is more monotonous. Alternatively, as the 

current findings indicated that SS did not predict behaviour in foggy weather, future research 

should consider alternative risk factors for identifying faster speed behaviours in 

unfavourable weather. 

Implications and Applications 

The current study acknowledges the gap in road transport literature and sought to fill 

this knowledge. Gaining a more thorough understanding of the factors associated with high-

risk driving can lead to the development of more effective safety countermeasures. 
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Considering that distinct measures predicted behaviour in foggy weather compared to 

behaviour in clear weather, effective safety strategies to ensure individuals drive to the 

conditions should consider multiple interacting factors; therefore, effective interventions must 

aim to improve road safety holistically rather than to isolate specific risk factors. Effective 

strategies could include improved training and testing, educational campaigns designed to 

make young individuals more aware of their driving, and the design of road systems and 

structures.  

With the differences in behaviour across visibility conditions especially across various 

curve depths, civil engineers can integrate the present findings into highway structures and 

risk assessments. Acknowledging that hazards resulting from road structure design (e.g., 

inconspicuous curve depth) may differ in suboptimal environmental conditions would lead to 

the consideration of additional factors during the road and highway design process. Without 

consideration of behaviour-as-done, road design becomes unnecessarily susceptible to human 

error, or rather mental slips in this case, and needlessly allows a higher level of driving risk to 

be present, especially on corners without recommended speed signs at high speeds. 

By performing CFA on the self-report measures, the present study supports the future 

use of the DDDI, DSI, and SS measures within a young New Zealand sample. By confirming 

these structures, future researchers can be confident that the included items are relevant, 

valid, and are able to be administered appropriately to a New Zealand sample group. As far as 

the author is aware, this is the first time that the DDDI and DSI have had its factor structure 

confirmed within a New Zealand sample, thus, filling a gap in the literature for the use of 

these measures. 

Additionally, the present study provides further support for the use of driving 

simulators in research. Through satisfying test-retest reliability of the driving simulator, 

future researchers can confidently observe drivers’ average speed within a simulator across 
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separate time points. Furthermore, reliability of drivers’ speed within the simulator adds to 

the body of literature stating that simulators are valid and effective research tools which 

mimic on-road driving patterns.  

Considering previous simulator validity support in relation to the current results, the 

same average speed patterns found from the results would similarly occur in on-road driving. 

Of most importance is that the risk factors contributing to predicting average speed in the 

driving simulator can be implied to also predict on-road behaviours under similar conditions. 

Keeping with this implication adds to the current understanding of how young New Zealand 

drivers behave, especially in changing environmental conditions. 

Conclusion 

Overall, the present study has demonstrated that young drivers adapt their behaviour 

when faced with unfavourable environmental conditions and that these behaviours could 

mostly be predicted by various self-report measures. Overall, Sensation Seeking was a key 

factor in both self-reported dangerous driving and observed driver speed in optimal weather, 

yet the results provided an alternative theoretical perspective to the underlying mechanisms 

of driver behaviour in suboptimal weather. That is, the generally accepted risk factors 

associated with risky driving tend to generalise only to optimal conditions as a different set of 

risk factors (e.g., susceptibility of mental lapses) uniquely influenced driver speed in adverse 

weather conditions. The current findings suggest considering an alternative approach to road 

design and policies to reduce the overrepresented youth population in road-related fatalities 

and serious injuries.  
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Appendix A 

Participant ID Code: ____________  Session date: ______/______/______ 

 

Demographic information 

What is your date of birth? ______/______/______  (date/month/year) 

What is your gender? female    /    male    /    other    /    prefer not to state 

Which ethnic groups do you belong to? Identify any that apply. 

 Prefer not to answer 

 New Zealand European 

 Maori 

 Other European 

 Samoan 

 Tongan 

 Cook Island Maori 

 Niuean 

 Chinese 

 Indian 

 Other (e.g. Japanese) 

What is the highest level of education that you have completed? ____________________  

What is your current occupation? ______________________________________________  

Do you currently own a car?     Yes    No  

What type of driver’s licence do you hold?   Restricted   Full  

 

When did you first obtain your driver’s licence? _________________________________  

• Please write the date you first obtained your Restricted licence. (i.e., the date when you 

were first allowed to drive without supervision). 

• Please be as specific as possible (e.g., write the month and year in which you obtained 

your licence, or if you cannot remember write how old you were at the time). 

 

On average, how many hours do you spend driving each week?  ________ hours 

On average, how far do you drive each week in kilometres? ________ km 
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On average, how often do you drive on the following different types of roads? 

 6-7 

days 

per 

week 

3-5 

days 

per 

week 

1-2 

days 

per 

week 

2-3 

times a 

month 

Monthly  

Less 

than 

monthly 

Never 

Motorways –  

80-100km/h 
       

Urban roads 

–  

60-70km/h 

       

Suburban 

roads – 30-

50km/h 

       

Rural roads        

 

On average, how frequently are you required to drive as part of your job?  

(Note: this means driving while at work, not driving to and from work each day. Examples 

include working as a taxi driver, truck driver, pizza delivery, etc., but also driving to see 

clients or job sites.) 

       

6-7 days 

per week 

3-5 days 

per week 

1-2 days 

per week 

2-3 times a 

month 
Monthly 

Less than 

monthly 
Never 

 

Approximately, how many fines/sanctions have you received in the past two years? 

________ fines 

 (Note: please include fines for speeding and running red lights, but do not include parking 

fines) 

How many times have you been involved in a collision while driving? 

Please note: when we say “collision” we mean any occasion when you or your vehicle: 

• collided with another vehicle (car, truck, motorcycle, etc) 

• collided with a pedestrian or cyclist 

• collided with an animal 

• collided with a stationary object on the road or roadside 

• ran off the road 

Nature of collision In the past 2 

years 

Since you began 

driving 

You were driving, nobody was injured    

You were a passenger, nobody was injured   

You were driving, somebody was injured and 

required medical treatment 

  

You were a passenger, somebody was injured 

and required medical treatment 

  



Driving to the Conditions  110 

 

Driver Behaviour Questionnaire (Stephens & Fitzharris, 2016) 

(1 = Never, 6 = Nearly all the time) 

Consider your driving behaviour over the past two years and report the frequency of engaging 

in each of these behaviours: 

1. Hit something when reversing that you had not previously seen 

2. Having set out to drive to one place, you suddenly realise you are on the road to 

somewhere else 

3. Drive even though you suspect you are over the legal BAC limit 

4. Get into the wrong lane approaching a roundabout or intersection 

5. Queuing to turn left onto a main road, you pay such close attention to the traffic on 

the main road that you almost hit the car in front 

6. Fail to notice that pedestrians are crossing when turning into a side street from a main 

road 

7. Use your horn to indicate your annoyance to another road user 

8. Fail to check your rear-view mirror before pulling out, changing lanes, etc. 

9. Brake too quickly on a slippery road 

10. Go into an intersection so far that a driver with right of way has to stop and let you 

out 

11. Disregard the speed limit on a residential road 

12. Switch on one thing, such as the headlights, when you meant to switch on something 

else, such as the wipers 

13. When turning left, nearly hit a bicycle rider who has come up on your left 

14. Miss seeing a “Give Way” sign and just avoid colliding with traffic having the right 

of way 

15. Attempt to drive away from traffic lights in the wrong gear 

16. Attempt to overtake someone that you had not noticed was signalling a right turn 

17. Become angry at another driver and chase them with the intention of showing them 

how angry you are 

18. Stay in a lane that you know will be closed ahead until the last minute before forcing 

your way into the other lane 

19. Forget where you left your car in a car park 

20. Overtake a slow driver on the left 

21. Race away from traffic lights with the intention of beating the driver next to you 

22. Misread the signs and exit from a roundabout on the wrong road 

23. Drive so close to the car in front that it would be difficult to stop in an emergency 

24. Enter an intersection knowing that the traffic lights have already changed against you 

25. Get angry at a certain type of driver and express your anger any way you can 

26. Realise that you have no clear memory of the road you have been travelling on  

27. Underestimate the speed of an oncoming vehicle overtaking 

28. Disregard the speed limit on a freeway or rural highway 

 

Driver Skill Inventory (Lajunen & Summala, 1995) 

(0 = Well below average, 4 = Well above average) 

Compare your driving abilities with skills of drivers of the same age and gender 

1. Fluent driving 

2. Performance in a critical situation 

3. Perceiving hazards in traffic 

4. Driving in a strange city 

5. Paying attention to pedestrians and bicyclists 

6. Driving on a slippery road 
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7. Conforming to the traffic rules 

8. Managing the car through a slide 

9. Preview of traffic situations 

10. Driving carefully 

11. Control of the traffic situations 

12. Fluent lane-changing in heavy traffic 

13. Fast reactions 

14. Making firm decisions 

15. Paying attention to other road-users 

16. Driving fast if necessary 

17. Driving in the dark 

18. Controlling the vehicle 

19. Avoiding the competition in traffic 

20. Keeping sufficient following distance 

21. Adjusting the speed to the conditions 

22. Overtaking 

23. Cleaning the car windows on winter morning 

24. Relinquishing one’s rights 

25. Conforming to the speed limits 

26. Avoiding unnecessary risks 

27. Tolerating other drivers’ blunders calmly 

28. Following the traffic lights carefully 

29. Parking in the legal places only 

 

Sensation-Seeking: Dangerous thrill-seeking (Hoyle et al., 2002) 

(1 = strongly disagree, 5 = strongly agree) 

1. Love dangerous situations. 

2. Like to do frightening things. 

3. Might actually enjoy being caught in an earthquake or tornado. 

4. Would like to try bungee jumping. 

5. Might enjoy the thrill of being lost at sea. 

6. Might enjoy a free fall from an airplane. 

7. Would enjoy being out on a sailboat during a storm. 

8. Prefer fear to boredom. 

9. Would fear walking in a high-crime part of a city. 

10. Would never go hang gliding or bungee jumping. 

 

Sensation-Seeking: Impulsive thrill-seeking (Hoyle et al., 2002) 

(1 = strongly disagree, 5 = strongly agree) 

1. Do crazy things. 

2. Act wild and crazy. 

3. Do unexpected things. 

4. Like to act on a whim. 

5. Am easily talked into doing silly things. 

6. Am unpredictable, people never know what I am going to say. 

7. Enjoy wild flights of fantasy. 

8. Have persuaded others to do something really adventurous or crazy. 

9. Seek adventure. 

10. Take risks. 
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Dula Dangerous Driving Index (Dula & Ballard, 2003) 

AD = aggressive driving;  

NE = negative emotions while driving;  

RD = risky driving;  

(1= Never, 5 = Always)  

 

“Please answer each of the following items as honestly as possible. Please read each item 

carefully and then fill in the bubble/circle of the answer you choose on the form. If none of 

the choices seem to be your ideal answer, then select the answer that comes closest. THERE 

ARE NO RIGHT OR WRONG ANSWERS. Select your answers quickly and do not spend 

too much time analyzing your answers. You may change any answer(s) at any time before 

completing this form. If you do change an answer, please erase the previous mark(s) 

entirely.” 

1. I drive when I am angry or upset. (NE) 

2. I lose my temper when driving. (NE) 

3. I consider the actions of other drivers to be inappropriate or “stupid.” (NE) 

4. I flash my headlights when I am annoyed by another driver. (AD) 

5. I make rude gestures (e.g., giving “the finger,” yelling curse words) toward drivers 

who annoy me. (AD) 

6. I verbally insult drivers who annoy me. (AD) 

7. I deliberately use my car/truck to block drivers who tailgate me. (AD) 

8. I would tailgate a driver who annoys me. (AD) 

9. I “drag race” other drivers at stop lights to get out front. (RD) 

10. I will illegally pass a car/truck that is going too slowly. (RD) 

11. I feel it is my right to strike back in some way, if I feel another driver has been 

aggressive toward me. (AD) 

12. When I get stuck in a traffic jam, I get very irritated. (NE) 

13. I will race a slow moving train to a railroad crossing. (RD) 

14. I will weave in and out of slower traffic. (RD) 

15. I will drive if I am only mildly intoxicated or buzzed. (RD) 

16. When someone cuts me off, I feel I should punish him/her. (AD) 

17. I get impatient and/or upset when I fall behind schedule when I am driving (NE) 

18. Passengers in my car/truck tell me to calm down. (NE) 

19. I get irritated when a car/truck in front of me slows down for no reason. (NE) 

20. I will cross double yellow lines to see if I can pass a slow moving car/truck. (RD) 

21. I feel it is my right to get where I need to go as quickly as possible. (RD) 

22. I feel that passive drivers should learn how to drive or stay home. WE) 

23. I will drive in the shoulder lane or median to get around a traffic jam. (RD) 

24. When passing a car/truck on a 2-lane road, I will barely miss on-coming cars. (RD) 

25. I will drive when I am drunk. (RD) 

26. I feel that I may lose my temper if I have to confront another driver. (NE) 

27. I consider myself to be a risk-taker. (RD) 

28. I feel that most traffic “laws” could be considered as suggestions. (RD) 
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Appendix B 

Participant ID Code: ______  Session date: ____/____/____ 
 

Current Well-Being Questionnaire 

Please indicate the extent to which each of the following symptoms listed below is affecting 
you now:  

General discomfort None Slight Moderate Severe 

Fatigue None Slight Moderate Severe 

Headache None Slight Moderate Severe 

Eye strain None Slight Moderate Severe 

Difficulty focusing None Slight Moderate Severe 

Increased salivation None Slight Moderate Severe 

Sweating None Slight Moderate Severe 

Nausea None Slight Moderate Severe 

Difficulty concentrating None Slight Moderate Severe 

Fullness of head 1 None Slight Moderate Severe 

Blurred vision None Slight Moderate Severe 

Dizzy (eyes open) None Slight Moderate Severe 

Dizzy (eyes closed) None Slight Moderate Severe 

Vertigo 2 None Slight Moderate Severe 

Stomach discomfort None Slight Moderate Severe 

Burping None Slight Moderate Severe 

1 Fullness of head = awareness of pressure within the head 

2 Vertigo = feeling of a loss of orientation with respect to vertical upright 

 

 

Experimenter Use Only – Completed: 

Before practice drive After practice drive After test drive 
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Appendix C 

Figure C1 

The Best Fitting Model for the 28-item, Four-factor Driver Behaviour Questionnaire 
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Figure C2 

The Best Fitting Model for the 28-item, Three-factor Dula Dangerous Driving Index  

 

Note: All values are standardised. 
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Figure C3 

The Best Fitting Model for the 29-item, Two-factor Driver Skill Inventory  

 

Note: All values are standardised. 
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Figure C4 

The Best Fitting Model for the 20-item, Two-factor Sensation Seeking Model 

 

Note: All values are standardised. 
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Appendix D 

Table D1 

Summary of Multiple Linear Regressions Analyses for Self-report Measures (Excluding the 

DBQ) Predicting Average Speed Behaviours across both Straight and Curve Tasks 

Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Sunny 50 km/h Straight 

Constant 31.42 12.44 [5.99, 56.15] .044 31.87 12.13 [8.19, 55.62] .039 

Gender 4.27 1.59 [1.29, 7.33] .031 4.15 1.59 [1.19, 7.36] .040 

Risky Driving 0.41 0.33 [-0.09, 1.09] .273 0.36 0.31 [-0.12, 1.02] .274 

SS 0.15 0.06 [0.05, 0.27] .024 0.14 0.06 [0.05, 0.26] .026 

Safety 0.05 0.19 [-0.29, 0.38] .789 0.04 0.18 [-0.29, 0.35] .852 

Experience - - - - 0.43 0.47 [-0.45, 1.36] .388 

 F4,64 = 7.24, p < .001, R2
Adj = .268 F5,63 = 5,90, p < .001, R2

Adj = .265 

 Sunny 80 km/h Straight 

Constant 77.43 4.41 [69.13, 85.97] .001     

Gender 0.45 0.84 [-1.27, 2.00] .612     

Risky Driving -0.13 0.10 [-0.34, 0.07] .201     

SS 0.08 0.03 [0.01, 0.14] .027     

Safety -0.05 0.07 [-0.21, 0.09] .527     

 F4,64 = 1.50, p = .214, R2
Adj = .028     

 Sunny 100 km/h Straight 

Constant 79.37 10.26 [58.17, 101.29] .001 74.80 11.49 [53.88, 98.59] .001 

Gender 3.9 1.77 [0.80, 7.50] .053 3.33 1.71 [0.40, 6.86] .067 

Risky Driving 0.20 0.20 [-0.14, 0.59] .314 0.05 0.23 [-0.42, 0.54] .852 

SS 0.08 0.06 [-0.03, 0.19] .142 0.07 0.06 [-0.05, 0.18] .227 

Safety 0.18 0.23 [-0.24, 0.57] .489 0.08 0.18 [-0.24, 0.39] .664 

Negative - - - - 0.22 0.14 [0.00, 0.47] .126 

Motor - - - - 0.17 0.15 [-0.09, 0.43] .260 

 F4,64 = 4.02, p = .006, R2
Adj = .151 F6,62 = 3.38, p = .006, R2

Adj = .173 

 Foggy 50 km/h Straight 

Constant 36.32 6.77 [22.87, 50.84] .001     

Gender 1.91 1.01 [0.24, 3.67] .084     

Risky Driving 0.14 0.16 [-0.10, 0.46] .425     

SS 0.10 0.04 [0.03, 0.17] .031     

Safety 0.14 0.13 [-0.09, 0.39] .316     

 F4,64 = 5.23, p = .001, R2
Adj = .199     
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Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Foggy 80 km/h Straight 

Constant 64.2 8.88 [44.76, 80.59] .001     

Gender -2.73 1.70 [-6.03, 0.82] .121     

Risky Driving 0.18 0.23 [-0.28, 0.69] .451     

SS -0.01 0.08 [-0.18, 0.14] .890     

Safety 0.08 0.16 [-0.21, 0.39] .620     

 F4,64 = 0.55, p = .700, R2
Adj = -.027     

 Foggy 100 km/h Straight 

Constant 72.31 11.7 [46.99, 95.70] .001     

Gender -1.15 2.77 [-6.61, 4.06] .708     

Risky Driving 0.38 0.34 [-0.32, 1.06] .273     

SS 0.03 0.11 [-0.20, 0.24] .738     

Safety 0.14 0.26 [-0.39, 0.69] .605     

 F4,64 = 0.51, p = .731, R2
Adj = -.030     

 Sunny 50 km/h Shallow 

Constant 41.47 5.56 [30.61, 52.34] .001 35.66 6.16 [23.64, 47.78] .001 

Gender 1.46 0.84 [0.06, 3.12] .084 1.16 0.74 [-0.05, 2.43] .129 

Risky Driving 0.27 0.14 [0.04, 0.53] .055 0.06 0.15 [-0.21, 0.37] .717 

Safety 0.09 0.10 [-0.10, 0.25] .425 0.08 0.09 [-0.08, 0.23] .398 

Negative - - - - 0.13 0.09 [-0.02, 0.31] .162 

SS - - - - 0.09 0.03 [0.04, 0.14] .002 

Motor - - - - 0.06 0.06 [-0.06, 0.19] .327 

 F3,63 = 5.27, p = .003, R2
Adj = .159 F6,62 = 4,58, p < .001, R2

Adj = .240 

 Sunny 50km/h Sharp 

Constant 42.99 5.22 [32.32, 53.94] .001 38.08 5.19 [28.06, 49.31] .001 

Gender 0.22 0.94 [-1.47, 2.09] .840 0.03 0.87 [-1.59, 1.67] .977 

Risky Driving 0.34 0.14 [0.10, 0.59] .020 0.14 0.14 [-0.10, 0.42] .333 

Safety 0.02 0.10 [-0.18, 0.19] .875 0.05 0.09 [-0.13, 0.20] .584 

SS - - - - 0.13 0.03 [0.08, 0.18] .001 

 F3,63 = 4.05, p = .011, R2
Adj = .119 F4,64 = 6.39, p < .001, R2

Adj = .241 

 Sunny 80 km/h Shallow 

Constant 66.1 4.19 [58.36, 74.22] .001 64.27 4.5 [55.78, 74.39] .001 

Gender 0.93 1.03 [-1.11, 2.99] .381 0.68 0.99 [-1.35, 2.77] .492 

Risky Driving 0.25 0.11 [0.03, 0.49] .038 0.09 0.11 [-0.14, 0.35] .401 

Safety 0.03 0.10 [-0.18, 0.20] .753 0.02 0.10 [-0.18, 0.18] .817 

Experience - - - - 0.57 0.26 [0.05, 1.18] .031 

SS - - - - 0.06 0.04 [-0.01, 0.13] .081 

 F3,63 = 2.50, p = .067, R2
Adj = .062 F5,63 = 2.77, p = .025, R2

Adj = .115 
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Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Sunny 80 km/h Sharp 

Constant 61.76 3.60 [54.49, 68.64] .001 58.23 4.19 [49.70, 67.00] .001 

Gender -0.61 1.11 [-2.81, 1.64] .570 -0.75 1.09 [-2.91, 1.42] .486 

Risky Driving 0.19 0.11 [-0.01, 0.41] .077 0.05 0.11 [-0.16, 0.28] .632 

Safety 0.09 0.09 [-0.12, 0.28] .342 0.11 0.09 [-0.09, 0.29] .233 

SS - - - - 0.09 0.05 [0.00, 0.20] .044 

 F3,63 = 0.96, p = .418, R2
Adj = -.002 F4,64 = 1.80, p = .141, R2

Adj = .045 

 Sunny 100 km/h Shallow 

Constant 83.14 6.64 [69.95, 95.13] .001 73.55 13.2 [46.57, 94.54] .001 

Gender 1.01 1.56 [-2.05, 3.96] .525 0.47 1.68 [-2.86, 3.46] .778 

Risky Driving 0.28 0.17 [-0.01, 0.65] .109 0.04 0.21 [-0.34, 0.49] .834 

Safety -0.11 0.14 [-0.40, 0.17] .416 -0.11 0.14 [-0.40, 0.17] .445 

Age - - - - 0.34 0.59 [-0.74, 1.76] .549 

Experience - - - - 0.60 0.47 [-0.35, 1.48] .197 

SS - - - - 0.11 0.07 [-0.02, 0.24] .128 
 F3,63 =1.72, p = .171, R2

Adj = .031 F6,62 = 1.75, p = .126, R2
Adj = .062 

 Sunny 100 km/h Sharp 

Constant 74.22 5.06 [65.25, 81.60] .001 47.98 10.88 [26.11, 69.12] .001 

Gender -0.37 1.41 [-3.01, 2.38] .801 -1.30 1.40 [-3.96, 1.45] .365 

Risky Driving 0.22 0.14 [-0.04, 0.60] .133 -0.02 0.16 [-0.31, 0.35] .921 

Safety 0.01 0.11 [-0.25, 0.27] .951 0.02 0.11 [-0.24, 0.26] .804 

Age - - - - 1.20 0.51 [0.23, 2.11] .022 

SS - - - - 0.11 0.06 [-0.01, 0.23] .070 

 F3,63 = 0.58, p = .630, R2
Adj = -.019 F5,63 = 2.26, p = .059, R2

Adj = .085 

 Foggy 50 km/h Shallow 

Constant 47.51 3.47 [41.03, 55.63] .001 45.53 3.57 [38.88, 53.21] .001 

Gender 0.10 0.63 [-1.10, 1.27] .877 0.03 0.63 [-1.15, 1.14] .955 

Risky Driving 0.18 0.09 [0.02, 0.34] .045 0.10 0.09 [-0.08, 0.28] .262 

Safety -0.02 0.07 [-0.16, 0.10] .774 -0.01 0.07 [-0.15, 0.11] .922 

SS - - - - 0.05 0.02 [0.01, 0.10] .015 

 F3,63 = 2.66, p = .056, R2
Adj = .068 F4,64 = 2.97, p = .026, R2

Adj = .104 

 Foggy 50 km/h Sharp 

Constant 44.95 3.8 [37.23, 51.92] .001 42.03 4.03 [34.15, 49.85] .001 

Gender 0.24 0.73 [-1.23, 1.57] .746 0.13 0.72 [-1.27, 1.41] .866 

Risky Driving 0.14 0.11 [-0.06, 0.39] .220 0.03 0.11 [-0.18, 0.27] .795 

Safety 0.02 0.08 [-0.15, 0.17] .797 0.04 0.08 [-0.12, 0.19] .593 

SS - - - - 0.08 0.03 [0.02, 0.13] .006 

 F3,63 = 1.25, p = .299, R2
Adj = .011 F4,64 = 2.46, p = .054, R2

Adj = .079 
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Variable 
Model 1 Model 2 

β SE 95% CI [L, U] pa β SE 95% CI [L, U] pa 

 Foggy 80 km/h Shallow 

Constant 56.74 6.06 [44.55, 68.20] .001     

Gender -1.10 1.51 [-4.10, 2.03] .462     

Risky Driving 0.29 0.17 [-0.01, 0.64] .083     

Safety 0.13 0.12 [-0.12, 0.39] .287     

 F3,63 = 1.12, p = .347, R2
Adj = .005     

 Foggy 80 km/h Sharp 

Constant 56.12 4.93 [46.77, 64.90] .001     

Gender -2.11 1.39 [-5.12, 0.82] .138     

Risky Driving 0.28 0.14 [0.04, 0.54] .048     

Safety 0.13 0.11 [-0.10, 0.38] .259     

 F3,63 = 1.66, p = .148, R2
Adj = .028     

 Foggy 100 km/h Shallow 

Constant 65.78 8.13 [49.09, 80.41] .001 46.93 15.11 [17.28, 72.42] .004 

Gender -0.15 1.96 [-4.39, 3.70] .930 -0.83 2.11 [-5.09, 3.09] .703 

Risky Driving 0.39 0.24 [-0.03, 0.92] .095 0.17 0.28 [-0.28, 0.76] .576 

Safety 0.06 0.18 [-0.28, 0.43] .753 0.09 0.18 [-0.28, 0.43] .659 

Age - - - - 0.78 0.76 [-0.61, 2.40] .305 

SS - - - - 0.12 0.09 [-0.08, 0.30] .205 

 F3,63 = 1.03, p = .385, R2
Adj = .001 F5,63 = 1.23, p = .306, R2

Adj = .017 

 Foggy 100 km/h Sharp 

Constant 64.97 6.75 [50.33, 78.28] .001     

Gender -0.76 1.85 [-4.07, 2.98] .688     

Risky Driving 0.23 0.21 [-0.15, 0.69] .273     

Safety 0.10 0.15 [-0.22, 0.39] .516     

 F3,63 = 0.47, p = .708, R2
Adj = -.024  

Note: a. Calculated based on standard errors derived from a non-parametric bootstrapping 

method (1000 replications). Gender (0 = Female, 1 = Male). Sensation Seeking (SS). 

Highlighted cells indicate models that previously significantly explained average speed 

behaviour for the corresponding behaviour when including the Driver Behaviour 

Questionnaire. 

 


