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Executive summary 

Increasing the visibility of the road ahead decreases the likelihood of drivers losing control of their vehicle 

and either crossing the centre line or running off the road. New technologies have resulted in new 

products that increase the retroreflective brightness of roadmarkings. New Zealand-based research has 

attempted to quantify the associated benefits of brighter roadmarkings as a reduction in crash likelihood, 

but without real success. As the context of any epidemiological investigation is obscured by the many 

other influences on crash rates, isolating the effect of roadmarkings has been elusive, especially in New 

Zealand where we have relatively small volumes of traffic. Overseas attempts to quantify the crash-

reduction benefits of roadmarkings have also been inconclusive. Consequently, minimum standards for 

retroreflectivity (ie the level of brightness reflected back from car headlights) vary widely (between 90 and 

130Rl). 

In road safety science, ‘intermediate outcome’ measures are used as a proxy measure for drivers’ crash 

risk or actual crash rates. These include vehicle speed, headway, seatbelt use, lane position and gap 

acceptance. In this research, the usual intermediate outcomes were used to assess the effect of improved 

road delineation on driver behaviour. In addition a new, innovative, intermediate outcome measure, called 

the ‘hands-on’ method (Walton and Thomas 2005), was used in an attempt to determine an evidence-

based standard for minimum roadmarking retroreflectivity in New Zealand. The method uses hand 

positions on the steering wheel as an indicator of drivers’ perceived risk, with drivers being more likely to 

place both their hands on the top half of the steering wheel when driving through a more difficult 

environment. The ‘hands-on’ method was selected as an indirect measure of perceived risk that is 

sensitive to changes in the driver’s visual environment. This method was tested to see if it could be used 

to measure the effect of improvements in roadmarkings immediately after an upgrade (a more immediate 

measure than crash studies).  

The hand-position configurations, as well as other intermediate measures of driver safety (speed and 

headway acceptance), of 2896 drivers were observed at three sites in the Greater Wellington region in 

2009–2010, in order to examine changes in drivers’ risk perceptions due to variations in road visibility. 

Within each site, comparisons were made between: 

• daytime (well-lit) and night-time (dark) conditions 

• wet and dry conditions 

• faded roadmarkings and brighter roadmarkings (before and after delineation interventions).  

The key premise behind the ‘hands-on’ method was that dry daytime conditions offered visibility 

conditions that were essentially ‘ideal’. Any detectable difference in drivers’ behaviour (speed, headway or 

hand positions) from the baseline dry daytime condition would be indicative of a change in drivers’ 

perceived risk – and the size of the reaction would be a direct measure of the effect of the changed 

delineation relative to baseline conditions.  

The initial findings found no detectable difference in hand-position configurations between night-time and 

daytime conditions across all three sites, despite wide variation in the quality and performance of the 

roadmarkings. A closer examination of the driver characteristics showed that a drop-off in older drivers at 

night was likely to be responsible for the lack of a detectable difference in the pattern of hand positions at 

night, as older drivers are typically more cautious. Thus, any additional caution in drivers at night was 

balanced by the fact that there was a reduction in the number of drivers with a cautious driving style.  
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The research found that an improvement in road delineation created conditions that were comparable to 

daytime driving conditions, and this means that it is possible to create an improved visual environment at 

night without the expense of lighting solutions (ie streetlights). After the delineation intervention that we 

studied, which improved the retroreflectivity of the roadmarkings from 38Rl to 142Rl, night-time drivers 

were about twice as likely to adopt a steering wheel hand-position configuration similar to daylight 

conditions (ie a more relaxed hand position). About 11% of drivers changed from the cautious hand 

position of having two hands on the top half of the steering wheel, which was a relative shift of 37% of the 

drivers who would have originally adopted this cautious hand position. 

Wet conditions elicited the highest level of perceived risk, with 53% of drivers adopting a ‘10 to 2’ (on an 

analogue clock face) hand position – this was the highest recorded proportion of drivers with this hand 

position to date across any of the previous studies of hand positions. When compared with dry daytime or 

dry night-time conditions at the same site, drivers were 2–2.5 times more likely to adopt a ‘10 to 2’ hand 

position in wet conditions. Drivers also adjusted their speed to about 9kph slower in the wet conditions.  

The evidence from this study revealed a successfully tested method to quantify the benefits of improved 

retroreflectivity in roadmarkings. The ‘hands-on’ measure was more sensitive than speed or headway in 

quantifying delineation improvements, and indicated driver performance issues prior to driver error (such 

as failure to maintain the vehicle within the traffic lane). Thus, the retroreflectivity performance of 

roadmarkings can be assessed against whether they replicate a night-time visual environment that is as 

good as the dry daytime visual environment, as indicated by the degree to which drivers return to the 

more relaxed hand-position configuration that they exhibit when driving in the daytime.  

Recommendations: 

1 Delineation solutions for wet conditions should be given more priority than solutions for night-time 

conditions, because wet conditions create the most difficult driving environment. This 

recommendation is based on the evidence that even in the daytime, drivers were 2.5 times more likely 

to place two hands on the top half of the steering wheel when it was raining, compared with night-

time conditions. The extent of the opportunity to offset the observed effect with improved delineation 

was not fully determined here, and some component of the effect may have been because of drivers’ 

response to a change in their perceived risk due to changes in the surface conditions, rather than to 

changes in the quality of their visual field for driving.  

2 The relationship between retroreflectivity and hand positions can now be modelled, using multiple 

sites with different increments in retroreflectivity, to determine the relationship between improvement 

in retroreflectivity and its effect on drivers.  

3 Before/after assessments of engineering interventions to improve the road corridor can include 

observations of intermediate measures such as hand position to determine the effects of changes on 

drivers. As the ‘hands-on’ method is a more sensitive tool than speed or headway, it should be used 

as a measure of subtle changes in drivers’ perceived risk.  

4 The ‘hands-on’ method measured an unexpected but very significant reduction in night-time driving 

by older people, which needed to be controlled for, and should be investigated separately. It was 

beyond the scope of this research to determine the extent to which effective road delineation could 

affect general driving behaviour in a specific sector of the community. However, further research could 

examine the improved social/travel opportunity outcomes for older drivers that would result from an 

improved night-time driving environment.  
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Abstract 

In this research project, the innovative ‘hands-on’ method, first developed by Walton and Thomas in 2005, 

was tested in its ability to evaluate the effects of improved road delineation on driver behaviour. The 

method uses hand positions on the steering wheel as an indicator of drivers’ perceived risk, with drivers 

being more likely to place both their hands on the top half of the steering wheel when driving through a 

more difficult environment.  

Specialist night-vision equipment and infrared floodlights were used to observe a total sample of 2896 

drivers at three sites in the Greater Wellington region in 2009–2010. Other intermediate measures of 

perceived risk (speed and headway acceptance) were also recorded, in order to assess how drivers’ risk 

perceptions changed with variation in the driving conditions (daytime/night-time, wet/dry) and road 

delineation (faded/upgraded roadmarkings).  

The results showed that the ‘hands-on’ method was an effective and reliable tool to measure the impact of 

improved linemarkings on drivers, and to quantify the size of this effect compared with daylight driving. 

The method was sensitive to subtle changes in the road context, which makes it a useful instrument for 

road engineers to evaluate the relative improvement or change in drivers’ responses to changes in road 

contexts. 
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1 Introduction 

Increasing the visibility of the road ahead decreases the likelihood of drivers losing control of their vehicle 

and either crossing the centre line or running off the road. Following recent efforts to increase the 

brightness of roadmarkings in New Zealand, a number of studies have attempted to quantify the 

associated reduction in the likelihood of a crash, but with limited success. 

This research project, which was conducted between 2008 and 2010, aimed to trial a new method of 

observing drivers’ reactions to the roading context, in order to establish the effect of improved road 

delineation on driving behaviour.  

The visibility of roadmarkings is a key factor in maintaining lane position while driving. The importance of 

bright roadmarkings is particularly apparent when driving in reduced-visibility conditions, such as when 

driving at night, or in wet weather (Konstantopoulos et al 2010). The incidence of road accidents is 

estimated to increase by 40% at night (Johansson et al 2009) and by 70% in wet weather conditions 

(Andrey and Yagar 1993). 

Drivers rely on roadmarkings to provide a short-range view for lane-keeping, and a longer-range view of 

upcoming changes in the road geometry. Land and Lee (1994) showed that successful horizontal curve 

negotiation relies on previewing upcoming curves about 1–2 seconds in advance. In 1999, European 

research used driving simulator experiments to examine the minimum threshold of sight distance of the 

road ahead that was required to navigate successfully (European Co-operation in the Field of Scientific and 

Technical Research 1999). They found that drivers adapted to sight distances of 1.8–2.7 seconds by 

reducing their speed and the variation in their lateral position on the road. Drivers began to fail to 

navigate horizontal curves when sight distances were 1.2–1.8 seconds. Consequently, they recommended 

that drivers should be able to preview roadmarkings at an absolute minimum of 1.8 seconds in advance 

(the equivalent of a 50m sight distance when travelling at 100kph).  

Brighter roadmarkings increase the visual field of drivers, but determining best practice regarding the 

minimum level of brightness is difficult – so far, the relationship between roadmarkings, road accidents 

and driver performance has been hard to quantify.  

1.1 Brightness of roadmarkings 

Requirements for the brightness of roadmarkings in New Zealand were established in 1996, and the 

specifications are outlined in the Manual of traffic signs and markings MOTSAM (NZTA 2010) and the 

Road and traffic standard 5: guidelines for rural road marking and delineation (RTS-5) (MoT 1992). The 

recommended minimum standard in New Zealand is 100Rl (RI is a measure of retroreflectivity
1
), whereas 

overseas recommendations vary between about 90 and 130Rl (see Debaillon et al 2008). Reflectorised 

markings increase the visibility of the road ahead and are believed to decrease the likelihood of drivers 

losing control of their vehicle and running off the road. While increases in the visibility of roadmarkings 

can be noticed in all light conditions, their biggest impact is when it is dark. However, road controlling 

authorities do not currently have a reliable method for assessing the effects of brighter roadmarkings.  

                                                   

1 Retroreflectivity is the night-time visibility of the roadmarkings reflected back to the driver by the vehicle’s headlights. 

Retroreflectivity is the common metric used to determine the relative effect of pavement markings on road accidents 

(Masliah et al 2007). 
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Until now, the most common method for evaluating the effect of road delineation improvements has been 

to compare crash rates before and after improvements were made, but the results of previous New 

Zealand-based evaluations of the effect of brighter roadmarkings have been inconclusive. A 2006 report 

for Land Transport NZ (Dravitzki et al) compared crash rates before and after improvements in a number 

of ways, including annual crash averages, the ratio of daylight to night-time crashes, and crashes on 

curves compared with straights. However, they found no evidence that brighter roadmarkings had a 

positive effect in reducing crash rates.  

In overseas studies (eg Masliah et al 2007), the relationship between roadmarking retroreflectivity and 

accident risk was also inconclusive. McKnight et al (1998) found that the contrast and width of 

roadmarkings only influenced lane-keeping performance where the contrast ratio (between the 

roadmarking and the road surface) was very low. Donnell et al (2009) pointed out that a common problem 

is that many studies do not take into account the degradation of the pavement markings over time. There 

are also many factors that may confound the relationship between crash risk and retroreflectivity because 

of the lack of control in real-world settings. Donnell et al found that road type confounds the relationship 

between retroreflectivity and crash risk, such that retroreflectivity only reduces crash risk in multi-lane 

highways. 

1.1.1 Roadmarkings and driver performance 

Driver performance can also be used as an indicator of roadmarking effectiveness. Speed, headway (to a 

lead vehicle) and lane position on the road are the most commonly examined driver performance 

measures. In a meta-analysis across 65 experiments examining the effects of an edgeline on speed and 

lateral position, van Driel et al (2004) found a large variation in the results. Most of the studies were 

naturalistic field observations (77%, n = 50), and most involved a before/after method where the same 

section of road was examined before and after the addition of an edgeline (69%, n = 45). The effects 

ranged from an increase in speed of about 10kph to a decrease in speed of about 5kph, and shifts in lane 

position towards the edge of the road of about 35cm to a shift towards the centre of the road of about 

30cm.  

However, edgelines did have a strong influence over driver speed and lateral position (particularly when 

there was no centre linemarking) where speeds were higher and drivers were therefore likely to drive 

closer to the centre of the road. Where there was a wider road shoulder and a narrow roadside 

environment (eg buildings or trees beside the road, as opposed to wide, open fields), drivers moved closer 

to the edgeline.  

Van Driel et al (2004) found that the specific characteristics of the edgeline, including its width (5cm or 

10cm), colour (white or yellow) or type (continuous or intermittent) did not have any significant influence 

on speed or lane position. However, none of the studies examined the before/after effects of a change to 

an existing edgeline within the same site.  

Other possible driver performance measures, such as those examined by Glendon (2007), include 

tailgating, using a hand-held mobile phone, inappropriate signalling, lane violations, cutting in front of 

other traffic, and hands position on the steering wheel (see discussion in section 1.2).  

1.1.2 Measuring the effect of brighter roadmarkings in experimental 

conditions 

Using an eye-tracker in an instrumented vehicle, Suh et al (2006) found that drivers’ behavioural measures 

(eg vehicle speed, lane position and eye movements) varied between major changes in illumination (ie day 

versus night). They found that drivers’ eye movements were more focused when driving in night-time 
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conditions than in the daytime, where they were more likely to look at non-relevant features (eg scenery). 

One factor could be that the span of drivers’ night vision is naturally narrower because of a limited 

headlight view. Alternatively, it could be an indicator that the workload is lower during the day, meaning 

drivers have the spare capacity to look at scenery.  

In a driving-simulator experiment examining the safety benefits of enhanced roadmarkings in wet night-

driving conditions, Horberry et al (2006) found that better markings reduced driver workload and 

increased driver confidence and comfort. They also found the improved markings meant that drivers were 

able to maintain better lane position and better consistency in speed. 

However, it is known that the test conditions of using driving simulators or instrumented vehicles change 

a driver’s behaviour – participants may drive more cautiously because they know their performance is 

being monitored, they are driving an unfamiliar vehicle, and they may be wearing technical equipment. For 

example, Evans (2004) noted that reaction times were substantially shorter in experiments using 

instrumented vehicles than in conditions of normal driving. Such improved response times are possibly 

due to the Hawthorne effect, where performance is artificially increased as a function of a participant 

knowing that his performance is being measured.  

Low participant numbers and higher equipment and data-coding costs make the use of simulators or 

instrumented vehicles impractical when examining subtle changes in driver behaviour across complex 

environments. While Horberry et al’s experiment (2006) indicated that brighter roadmarkings improved 

the environment for drivers and increased driver comfort (all their subjects were exposed to the same 

conditions), the true quantification of the level of effectiveness of brighter roadmarkings could only be 

validated in a real-world setting. 

1.2 The ‘hands-on’ measure 

The ‘hands-on’ measure was developed by Walton and Thomas in 2005 as a method of naturalistic 

observation used to evaluate driver responses to variation in real-world roading contexts. The method is 

observational and uses the following ordinal categorisation to describe the position of a driver’s hands on 

the top half of the steering wheel (as represented in figure 1.1):  

• two hands visible between ‘9 and 3 o’clock’ (on an analogue clock face) 

• one hand visible between ‘9 and 3 o’clock’ (on an analogue clock face) 

• no hands visible between ‘9 and 3 o’clock’ (on an analogue clock face).  

Walton and Thomas identified that at an aggregate level (as opposed to individual drivers), drivers altered 

their hand position as a function of the complexity of the environment – for example, drivers tended to 

place more hands on the top half of the steering wheel in a 100km/h speed zone than in a 50km/h zone.  

The official New Zealand road code (NZTA 2010) recommends that the position of the hands on the 

steering wheel should be ‘10 to 2’ (as in a clock face). Kline (2001) noted that placing the left hand 

between ‘9 and 10 o’clock’ on the steering wheel, and the right hand between ‘2 and 3 o’clock’, allowed 

for balanced shoulder strength. In a study of truck drivers in simulator vehicles, Sanders (1981) showed 

that when drivers experienced the peak torque of a tyre blowout, 8% of those who placed their hands at ‘9 

and 3 o’clock’ lost control of the vehicle, and 16% of those who placed their hands at ‘1 and 7 o’clock’ lost 

control. However, Walton and Thomas (2005) showed that on average, only 25% of drivers placed two 

hands on the top half of the steering wheel when driving. Driver hand position changed as a function of 

the environment and driving context, and it was suggested that when drivers perceived risk in the 
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environment, they responded by looking to gain more control of the vehicle by adjusting their hand 

position (ibid).  

Figure 1.1 An illustration of the ordinal scale of hand positions (Walton and Thomas 2005) 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1.1 on the next page outlines the influence on driver hand positions of speed zone, number of 

traffic lanes (Walton and Thomas 2005), vehicle type (Thomas and Walton 2007), and gender differences 

(Fourie 2008). Female drivers were 2.87 times more likely than males to drive with two hands (instead of 

one) on the top half of the steering wheel. Car drivers were 1.55 times more likely than drivers of sports 

utility vehicles (SUVs) to drive with two hands on the top half of the steering wheel (instead of one) (Fourie 

2008, Thomas and Walton 2007). Drivers in a 100kph speed zone were 1.55 times more likely than drivers 

in a 50kph speed zone to drive with two hands on the top half of the steering wheel instead of one 

(Walton and Thomas 2005).  

Table 1.1 Hand position percentages and adjusted residuals for different driver, vehicle and environmental 

characteristics, combining the samples of Fourie (2008), Thomas and Walton (2007), Walton and Thomas (2005) 

 

Number of hands on top half of steering wheel 

Zero One Two 

Characteristic N % AR
a
 % AR % AR 

Gender 

Female 828 17% -0.2 45% -8.3 38% 9.6 

Male 1225 18% 0.2 64% 8.3 19% -9.6 

Total 2053 

 

Vehicle 

type 

Car 578 27% 0.6 49% 2.3 24% -3.1 

SUV 618 25% -0.6 42% -2.3 32% 3.1 

Total 1196 

 

Speed 

zone 

50kph 1161 25% -0.1 55% 4.3 20% -4.8 

100kph 3643 25% 0.1 48% -4.3 27% 4.8 

Total 4804 

 

  

Two hands 

• Two hands on 
the top half of the 
steering wheel 

• Most control over 
vehicle 

One hand 

• One hand on the 
top half of the 
steering wheel 

• Moderate control 
over vehicle 

No hands 

• No hands on the 
top half of the 
steering wheel 

• Lowest control 
over vehicle 
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Number of hands on top half of steering wheel 

Zero One Two 

Characteristic N % AR
a
 % AR % AR 

Lanes 

2-lane highway 3214 26% 4.2 48% 0.2 26% -4.2 

6-lane motorway 429 17% -4.2 48% -0.2 36% 4.2 

Total 3643 

 

(a) Adjusted residuals (AR) over 2 indicate a significant finding and are highlighted in bold 

 

By observing the same drivers multiple times in different situations, Walton and Thomas (2005) 

determined that hand position varied between different driving situations, and such changes were not due 

to fatigue, driving style or habit. They suggested that this variation in hand position was due to the 

driver’s perception of the risk of the driving environment. It is important to note that while Walton and 

Thomas (2005) claimed that across samples of drivers, the position of their hands on the steering wheel 

offered an insight into the risk they perceived (aggregate hand position), they made no claim regarding 

individual differences that could have influenced driver hand position.  

The method used by Walton and Thomas relies on the error being distributed randomly across driving 

conditions. The measure contains significant error, but so do measures of speed and accident frequency 

(see Hauer 2002 for a good explanation of error in real-world settings). Therefore, any concern about this 

aspect should be directed at whether the measure is sensitive enough to detect subtle changes in the road 

context. For example, they found that hand positions were not sensitive enough to identify a change in 

driver behaviour in locations signposted as high road-accident zones. This lack of finding was either 

because the measure was not sensitive enough, or the signs did not influence driver behaviour. The key 

question is whether analysing hand position can detect differences that are not revealed with other 

measures such as speed, lane position or headway to a lead vehicle. 

Focusing on driver hand position may be a more sensitive method of detecting subtle changes in driver 

behaviour than speed, lane position or headway, as the latter are exposed to a considerable level of 

external regulation. Driver speed and lane position are externally monitored and enforced by road safety 

authorities, and there are insurance consequences for drivers who follow a lead vehicle too closely. There 

are also social norms around speed selection that are not necessarily applied to hand position (Paris and 

van den Broucke 2008). Consequently, hand position changes may reflect a less conscious process that is 

more sensitive to an underlying state of arousal that relates to the driving context.  

Thomas and Walton’s 2007 study examined the effect of the driving context on driver hand position by 

studying differences between drivers of vehicles of different sizes. Drivers of large SUVs, who probably felt 

the safest in their vehicles, were shown to be less likely to adopt the safest hand position in an emergency 

situation. A follow-up survey of these drivers confirmed that they varied their hand position according to 

the situation, with two hands on the top half of the steering wheel when they felt tense, and one hand on 

the top half of the steering wheel when they felt relaxed (see table 1.2). These results combine to suggest 

that the ‘hands-on’ method has face validity as a measure of risk perception – a finding that can be 

explained by transport theories of risk taking, as discussed in the next section. 
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Table 1.2 Descriptives for self-reported hand positions under different driving contexts, and actual observed 

hand positions. Hand positions were recorded as either 0, 1, or 2, which represented the number of hands in the 

target position (Thomas and Walton 2007) 

Item N Mean Median Mode SD 

Actual observed hand positions 1196 1.02 1 1 0.74 

Your hand positions when relaxed 542 1.27 1 1 0.69 

The most natural hand positions when driving 543 1.51 2 2 0.65 

Your typical hand positions when driving 544 1.71 2 2 0.50 

Your typical hand positions when tense 542 1.92 2 2 0.32 

The hand positions that give you most control over the vehicle 547 1.94 2 2 0.24 

 

1.3 Theories of risk perception 

A number of theories have been developed to explain the relationship between risk perception and driver 

behaviour. Individual differences in risk perception can be explained by theories such as sensation 

seeking. The influence of the driving environment on driver behaviour, perceived risk and actual risk can 

be partially explained by the theories of ‘risk homeostasis’, ‘perceptual countermeasures’ and ‘self-

explaining roads’.  

1.3.1 Individual risk and sensation seeking 

Sensation seeking can explain differences in hand-position behaviour that are attributable to driver 

characteristics such as age and gender differences. For example, Zuckerman (1983) noted that sensation 

seeking peaks in adolescence and steadily declines with age thereafter, which Palamara and Stevenson 

(2003) noted is consistent with the developmental patterns of aberrant behaviour in young drivers.  

Sensation seeking has often been used as an explanation for risk-taking behaviour. Zuckerman (1994 p27) 

defined sensation seeking as:  

... a trait defined by the seeking of varied, novel, complex, and intense sensations and 

experiences and the willingness to take physical, social, legal and financial risks for the sake 

of such experiences.  

Zuckerman believed that monoamine transmitters such as dopamine, norepinephrine and serotonin 

underlie the trait of sensation seeking.  

Jonah (1997) reviewed 40 studies examining the relationship between sensation seeking and risky driving, 

and found that 90% of the studies showed a significant positive relationship. Sensation seeking has also 

been associated with high-risk activities such as potentially dangerous experiments, risky sports 

vocations, criminal activities, sexual behaviour, smoking, heavy drinking and drug use (Zuckerman 1979a, 

1994). High sensation seekers tend to have a lower appraisal of risk, and experience less anxiety in risky 

situations, than low sensation seekers (Horvath and Zuckerman 1993, Zuckerman 1979b).  

1.3.2 Driving behaviour, perceived risk, and the driving environment 

1.3.2.1 Risk homeostasis 

Risk homeostasis theory describes how drivers adapt to their environment based on their perceived level 

of risk (Wilde 1982, 1988). This theory proposes that drivers continually monitor the risks in the 
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environment to maintain a level of risk that they are willing to accept. Drivers adjust their behaviour (eg 

speed or headway) in an attempt to eliminate any discrepancy between the risk they perceive and the risk 

they are willing to accept. However, there is limited evidence for risk homeostasis in the real world (Lund 

and O’Neil 1986). For example, local rural roads and highways in the US present different actual levels of 

risk, yet highways have a lower fatality rate than rural roads (Evans 2004). If all drivers were modifying 

their driving behaviour to maintain a target level of risk, there would be no difference in road risk profiles 

across different roading contexts. However, driving behaviour and perceived risk have been shown to 

change as a consequence of the cues drivers receive from their environment (Colbourn 1978, Rundmo and 

Iverson 2004). 

1.3.2.2 Perceptual countermeasures 

Driving is primarily a visual task, and research into perceptual countermeasures indicates that altering 

elements of the visual road environment, such as reducing the apparent width of the road through narrow 

lane delineation, results in lower speeds (Godley et al 2004). Charlton (2003) demonstrated that by 

reducing an accident-prone intersection’s approach sight distance from 100m to 25m, vehicle approach 

speeds were also reduced. Changing the sight distance could be viewed as increasing an intersection’s 

perceived risk, as the drivers no longer had a clear view of the intersecting road, but reducing the actual 

risk – no serious or fatal accidents had occurred between installing the treatment and the time of 

publication of their research.  

1.3.2.3 Self-explaining roads 

The concept of self-explaining roads suggests that better road design, focusing on creating a predictable 

or consistent driving environment, will naturally encourage an expected driving style (van Vliet and 

Schermers 2000). Overseas research estimates that 50% of accidents are attributable to inaccurate 

perception of the information necessary to avoid the accident because of factors such as inadequate 

information, perceptual illusions, receiving information from multiple sources, environmental factors (eg 

night driving) and misleading road features (Hassan and Easa 2003, Heger and Schlag 2003). 

1.4 Preliminary studies 

As an initial component of this research, the reliability and face validity of the ‘hands-on’ measure was 

examined through two preliminary studies (see Fourie 2008 for more detail on these). 

1.4.1 Preliminary study 1: reliability of the ‘hands-on’ method 

The first preliminary study assessed inter-rater reliability, reliability across time and context, and the 

construct validity of the ‘hands-on’ method. 

1.4.1.1 Methodology 

One hundred observations of driver hand position were made at each of two sites: one in a 100km/h zone 

on State Highway 2, Lower Hutt, the other in a 50km/h zone on Cambridge Terrace, Lower Hutt. An 

Infrared Traffic Logger (TIRTL) measured the speed and headway of vehicles passing through the selected 

site.  

1.4.1.2 Assessing consistency between raters 

Two observers stood side-by-side on the side of the road. One observer randomly called out a selected 

oncoming car, and both observers wrote down the hand-position configuration they observed. Once 100 

cars had been recorded at each site, their level of agreement was assessed. In addition to the standard 

measures of agreement, statistical analysis using ‘Cohen’s Kappa’ (Cohen 1960) was used to control for 
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agreement due to chance. The inter-rater reliability between the two observers was found to be 93% in a 

high-speed zone (100km/h) and 95% in a lower-speed zone (50km/h). 

1.4.1.3 Assessing temporal reliability 

Drivers’ hand positions were observed in clear weather conditions at the same location on two separate 

days, at the same time of day (to ensure a similar traffic flow). There was no effect on hand position that 

could be attributed to time; a Chi-square analysis – 
2 

(2,668) = 1.264, p > .05, n.s. – indicated that hand 

positions were independent of the time of observation.  

Table 1.3 Cross tabulation of the number of drivers observed placing zero, one and two hands on the top 

half of the steering wheel, over consecutive days 

Number of hands on top half of steering wheel  Day 1 Day 2 Total 

Zero Observed 74 75 149 

 Expected 72 77  

 Adjusted residual 0.32 -0.32  

One Observed 152 151 303 

 Expected 147 156  

 Adjusted residual 0.78 -0.78  

Two Observed 98 118 216 

 Expected 105 111  

 Adjusted residual -1.12 1.12  

Total 324 344 668 

 

1.4.1.4 Assessing contextual reliability 

The two observers simultaneously and independently measured drivers’ hand positions in two situations 

that were deemed to be similar; ie north- and southbound traffic on the same stretch of State Highway 2. 

There was no effect of context (ie driving northwards or southwards on the same stretch of state highway) 

on the proportion of drivers showing each hand position; a Chi-square analysis (
2

 (2,668) = 0.441, p > 

.05, n.s.) indicated that hand position was independent of direction of travel. 

Table 1.4 Cross tabulation of the number of drivers observed placing zero, one and two hands on the top 

half of the steering wheel, for north- and southbound traffic 

Number of hands on top half of steering wheel Northbound Southbound Total 

Zero Observed 73 76 149 

 Expected 74 75  

 Adjusted residual -0.15 0.15  

One Observed 147 156 303 

 Expected 150 153  

 Adjusted residual -0.49 0.49  

Two Observed 111 105 216 

 Expected 107 109  

 Adjusted residual 0.66 -0.66  

Total 331 337 668 
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1.4.1.5 Assessing construct reliability 

The construct reliability of the hand-position measure was examined against speed selection and headway 

acceptance, which are constructs that are known to relate to accident likelihood. Speed measures were 

taken for the ‘free speed’ of the vehicle at the head of the platoon (ignoring the rest), with the ‘head of the 

platoon’ defined as a vehicle with a headway of greater than 6 seconds. Headway is defined as the gap 

acceptance of vehicles when constrained by a vehicle in front with less than 4 seconds headway. Other 

vehicle with larger ‘gaps’ are ignored for headway calculations because they can then be considered as 

travelling with ‘free speed’; ie not restrained by a vehicle in front of them.  

As can be seen in figure 1.2 on the next page, drivers who placed no hands on the top half of the steering 

wheel had the largest reciprocal headways (indicting greater risk taking), followed by drivers who placed 

one hand or two hands, respectively, on the top half of the steering wheel.
2
 A similar pattern was seen for 

average speeds, with drivers who placed no hands on the top half of the steering wheel driving faster than 

drivers who placed one hand or two hands, respectively, on the top half of the steering wheel (see figure 

1.3). This speed finding differs from that found by Thomas and Walton (2007), as in our study, individual 

speeds within a speed zone were being examined, rather than differences between speed zones.  

Figure 1.2 Mean reciprocal headway (in seconds) of drivers with zero, one and two hands on the top half of 

the steering wheel 

 

                                                   

2 Evans and Wasielewski (1983) note that when examining headway, the most effective approach for discriminating 

between different driver groups (or different hand positions, in this case), is to use the reciprocal of headway. The 

reciprocal refers to the multiplicative inverse (ie 1/headway). 

Drivers’ hand position 
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Figure 1.3 Mean vehicle speed (in kilometres per hour) of drivers with zero, one or two hands on the top half 

of the steering wheel 

 

1.4.1.6 Summary of reliability study 

The hand-position measures demonstrated reliability across all of the measures examined, including: 

acceptable levels of inter-rater reliability (across both 100kph and 50kph speed zone conditions), temporal 

reliability (across different days), contextual reliability (across different directions of traffic in the same 

location) and construct reliability (correlating with speed and headway acceptance).  

1.4.2 Preliminary study 2: drivers’ attitudes to risk and hand position 

The second preliminary study examined the face validity of hand positions as a measure of perceived risk. 

A survey of drivers was used to examine the relationship between:  

• observed hand positions 

• reported hand positions 

• perceptions of hand positions, risk taking, optimism and confidence when driving.  

This study continued on from previous work by Thomas and Walton (2007) that established that hand 

positions were perceived to have a positive relationship with driver tension.  

1.4.2.1 Methodology 

This study entailed a small-scale survey of drivers conducted in conjunction with observations of hand 

position. A sample of 630 drivers (excluding drivers of heavy vehicles, motorbikes and easily identifiable 

commercial vehicles such as taxis) was observed on Eastern Hutt Rd, Lower Hutt (an 80km/h road). 

Surveys were sent to 500 of these drivers (250 males and 250 females). Two hundred and thirty-three 

were returned (a 46.6% response rate) – 116 males, 116 females, 1 unknown – with a mean age of 49.83 

years (SD = 15.13). 

Drivers’ hand position 
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Repeated observations were made on different days in an attempt to minimise external variables that 

could influence perceived risk (eg pedestrians, cyclists, domestic pets, intersections, turning vehicles, etc). 

Observations were made in clear weather conditions. A TIRTL measured the speed and headway of 

vehicles passing through the selected site. Hand positions were recorded according to the method of 

Walton and Thomas (2005), where the number of hands in the target zone on the top half of the steering 

wheel (between 3 o’clock and 9 o’clock on an analogue clock face) was recorded as zero, one or two. A 

video camera was synchronised with the TIRTL. Observers sat in a light commercial van to provide greater 

safety and better elevation for viewing hand positions. Hand positions, driver gender and vehicle number 

plate were spoken into the video camera as the cars passed the vehicle – the first observer called out the 

driver gender and driver hand position, after which observer two called out the associated vehicle number 

plate.  

Address details linked to each licence plate were obtained from the Motor Vehicle Registry in Palmerston 

North, New Zealand. A questionnaire was constructed to measure a number of driver characteristics, 

attitudes and behaviours. These included driver age, gender, exposure to vehicle travel, vehicle 

transmission, optimism bias, risk taking, confidence, hand-position beliefs and self-reported hand 

position. For the purposes of this study, only the variables optimism bias, risk taking, confidence, hand-

position beliefs and self-reported hand position were measured by the questionnaire. To ensure 

anonymity, no personal information was requested in the questionnaire.  

As mentioned earlier, the questionnaires were sent to 500 drivers (250 females and 250 males) whose 

actual behaviour had been observed. Data was stratified, based on gender and hand position whereby 

questionnaires were sent to 250 females (90 of whom were observed with two hands on the top half of the 

steering wheel, 111 with one hand on the top half of the steering wheel, and 49 with zero hands on the 

top half of the steering wheel) and 250 males (48 of whom were observed with two hands on the top half 

of the steering wheel, 134 with one hand on the top half of the steering wheel, and 68 with zero hands on 

the top half of the steering wheel). This was done to mitigate any gender biases and achieve a good 

distribution of self-reported hand positions.  

1.4.2.2 Questionnaire 

The questionnaire measured four variables that were hypothesised to influence driver hand position – 

optimism bias, risk-taking behaviour, driver confidence, and driver belief around hand position and 

control of the vehicle. A copy of the questionnaire can be found in appendix A. 

Optimism bias was measured using nine items developed by Dejoy (1992). Risk-taking behaviour was 

measured using three scales (15 items) designed by Ulleberg and Rundmo (2003) to measure self-reported 

acts of risk taking in traffic – speeding, rule violations and self-assertiveness. Driver confidence was 

measured using a seven-item driver-confidence scale created by Parker et al (2001). Driver’s belief that 

placing two hands on the top half of the steering wheel will give increased control was measured using a 

six-item scale. 

Self-reported driver hand position was measured using five items that asked individuals what hand 

position they would adopt under different circumstances. Items included ‘your typical hand position when 

driving’ and ‘your hand position when tense’. The questionnaire included a figure depicting three potential 

hand-position placements – two hands on the top half of the steering wheel, one hand on the top half of 

the steering wheel, and zero hands on the top half of the steering wheel (as shown earlier in figure 1.1, 

but without the accompanying text). Respondents were required to tick the hand position that best 

described the hand position they tended to adopt. Jonah (1990) noted that direct observations of driver 

behaviour are needed to validate self reports. To establish the convergent validity of the scale, drivers’ 

self-reported positions should correlate with the single observation of driver hand position. 
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Gender differences were examined to ensure that the gender bias in driver hand position had been 

adequately controlled for in the stratification process. Of the surveys returned, a t-test revealed no 

significant gender differences in observed driver hand position (t (230) = -0.183, p > .05, n.s.), or self-

reported driver hand position (t (229) = -1.223, p > .05, n.s.). 

1.4.2.3 Attitudes to risk and hand position on the steering wheel 

Observed drivers’ hand positions correlated significantly with their self-reported hand positions (r = .219, 

p < .01).
3
 This finding demonstrates that self-reported hand position has convergent validity. Observed 

hand position did not correlate significantly with other variables measured (see table 1.5). A limitation 

may lie in that even though data was excluded if the observed gender did not match the survey gender, it 

would be presumptuous to assume that all the surveys were completed by the actual driver who was 

observed. In addition, single observations suffer from significant measurement error and have been 

criticised as not being useful in testing hypotheses unless they can be compared to observations made by 

other researchers (King et al 1994). The psychological variables measured examined general driver 

behaviour, whereas observed hand position was context-specific. Hence, self-reported hand position was 

used to further examine the relationships between hand position and the psychological variables 

measured.  

Table 1.5 Correlations of psychological variables, self-reported hand position and observed hand position, 

where observed gender matched the survey gender (N=183) (Fourie 2008) 

 Items M SD 1 2 3 4 5 6 

1 Optimism bias 6 4.06 3.18 (.70)      

2 Risk taking 14 20.11 4.57 -.12 (.83)     

3 Driver confidence 12 50.41 5.59 .21
b
 -.10 (.86)    

4 Hand-position beliefs 6 24.04 3.64 .03 -.11 -.04 (.70)   

5 Self-reported hand position  5 8.53 1.84 -.16
a
 -.25

b
 -.03 .26

b
 (.80)  

6 Observed hand position  1 1.07 0.71 -.08 -.05 -.11 .02 .22
b
 (N/A) 

(a) significant at p  < .05 

(b) significant at p  < .01 

 

Individuals who reported higher risk-taking behaviour tended to report placing fewer hands on the top half 

of the steering wheel. Optimism bias was positively related to confidence, whereby individuals who 

reported being highly optimistic with regard to their safety, skill and likelihood of accident also tended to 

report being more confident drivers. Optimism bias was also found to be negatively related to self-

reporting of hand position, whereby highly optimistic drivers reported placing fewer hands on the top half 

of the steering wheel. Optimism bias did not significantly relate to risk taking. Individuals with stronger 

beliefs regarding the importance of hand positions in controlling the vehicle reported placing more hands 

on the top half of the steering wheel.  

Drivers who tended to place more hands on the top half of the steering wheel reported less risk taking, 

less optimism bias, and had stronger beliefs that hand position is related to control of the vehicle.  

                                                   

3 Cronbach’s Alpha was used to assess the internal reliability of the scales. All items had a reliability coefficient of 

above 0.7, which Nunnaly (1978) indicated to be an acceptable reliability coefficient.  



1 Introduction 

 

23 

1.4.2.4 Summary of attitudinal study 

This study found that observed hand positions were not related to any of the psychological variables 

measured apart from self-reported hand positions. Self-reported hand positions were related to, and could 

predict, a driver’s reported level of risk taking – ie the general impression they have of their own 

behaviour while driving. This finding supported the hypothesis that driver hand position is related to risk 

taking. Ideally, the measures of risk taking would have predicted the actual behaviour of the drivers, as 

measured by their observed hand positions when they were selected for this study as described earlier. In 

this case, however, the actual behaviour of an individual was represented by a single point in time 

recording observed hand positions in a single driving context. Self-reported hand positions included a 

range of hand positions that a driver would adopt across a number of driving contexts.  

Self-reported hand positions could also be predicted by drivers’ beliefs about hand position – drivers with 

a strong belief that placing both hands on the top half of the steering wheel gave them more control were 

more likely to report doing exactly that. Similarly, self-reported hand positions could be predicted by the 

level of optimism bias of the driver – drivers who believed themselves to be safer, more skilful, and less 

likely to have an accident than the average driver tended to report placing more hands on the top half of 

the steering wheel. The hypothesis that driver confidence would relate to driver hand position was not 

supported either for observed hand position or self-reported hand position. However, overall it was found 

that hand position was related to reported risk-taking behaviour. 

1.5 Conclusions of the preliminary studies  

The key findings of these preliminary studies about the ‘hands-on’ method of assessment were as follows: 

 The method has an acceptable level of inter-rater consistency, indicating that observers can easily be 

trained to record hand positions accurately on a simple ordinal scale.  

 The measure has face validity, in that it is a proxy measure of perceived risk and does correlate with 

other subjective measures of risk, along with self-reports on the relationship of hand position to levels 

of perceived risk. 

 The method is robust within similar contexts, and is consistent over time – ie it is a reliable measure. 

 The technique achieves concurrent reliability, strongly correlating with individual speed and headway 

choices. 

 The method replicates other findings relating driver characteristics to perception of risk, including a 

lower risk perception in males and SUV drivers, as revealed by a greater likelihood to drive with zero 

hands on the top half of the steering wheel. 
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2 Methodology 

The two preliminary studies provided satisfactory evidence that the driver hand-position method was 

reliable, robust and appropriate for use in the primary study to evaluate the effectiveness of improved 

delineation, albeit that the preliminary studies evaluated the method in a relatively straightforward context 

in the daytime, in good conditions. Nonetheless, it was considered that the hand-position methodology 

provided a more sensitive measure of driver responses to changes in the road context than other outcome 

measures, such as speed or headway – ie the ‘hands-on’ method could be used to evaluate drivers’ 

responses to delineation treatments that had so far been difficult to assess using the usual techniques 

available to researchers. This section of the report outlines the way roadmarking delineation, across 

different sites and visibility conditions, was evaluated using measures of driver speed selection, headway 

acceptance and hand position.  

Three sites were selected to examine the influence of roadmarkings on driver behaviour under various 

driving conditions (the rationale for site selection is outlined in section 2.2.1). The key premise was that 

dry daytime conditions offered ‘ideal’ visibility, and drivers managed these conditions with a consistent 

pattern of behaviour, observable using the measures we have described (speed, headway and hand 

positions). Therefore any detectable difference in driver behaviour would indicate a change in drivers’ 

perceived risk, which was expected to correlate to changes in actual risk. (However, the base case here is 

not ‘high or low risk’ per se, but ‘visibility’, as we are concerned with the effect of linemarkings on driver 

behaviour.) Dry daytime conditions have the best visual conditions for driving, and the assumption is that 

drivers manage these conditions with a consistent pattern of behaviour, observable using the measures we 

have described. It was expected that degraded visual environments would produce different patterns of 

driver behaviour, such as placing more hands on the top half of the steering wheel. Thus, any change 

towards the ‘daytime’ reference would be indicative of improved road delineation.  

The notion of ‘risk’ enters the background theory surrounding the use of the new measures, and is subject 

to some controversy, but it is not absolutely necessary to consider the hand-position measure as an 

indirect measure of perceived risk for the method and the analysis considered here.  

2.1 Conditions 

The purpose of this research was to test an evidence-based method for quantifying the performance of 

roadmarkings. It was hypothesised that as the brightness of the roadmarking improved, drivers would 

perceive the night-time visual environment as being similar to daytime (ideal) visual conditions, and 

therefore tend towards their daytime level of perceived risk. This shift would be shown by a return to 

daytime levels of speed, headway acceptance and hand position on the steering wheel. Therefore, the 

performance of the delineation treatment could be measured by a relative shift to daytime driving 

behaviour within each site. 

Data was collected at each of the three selected sites, in dry weather under both daytime and night-time 

conditions. Data was also collected under wet daytime conditions at Kaitoke, and both before and after the 

delineation improvement (also daytime and night-time conditions) at Alexander Rd (see figures 2.2 and 

2.3 for the full range of conditions at these sites). 

2.1.1 Wet conditions 

The level of rainfall for the wet condition at the Kaitoke site was measured by an AC013 Rain Collector 

(shown later in figure 2.7) – the heavy-rainfall level was 10.2mm/hr.  
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2.1.2 Delineation intervention 

Since a key component of the project involved the evaluation of the effect of upgraded roadmarkings, data 

on driver hand position, vehicle speed and vehicle headway was collected before and after the new 

roadmarkings were laid on a section of road.  

A Zehntner Retroreflectometer was used to assess the levels of retroreflectivity (Rl) in night-time 

conditions at the Alexander Rd site before and after the roadmarking intervention. Before the upgrade, the 

roadmarkings had an average of 38.08Rl (SD = 26.20), and after the upgrade, an average of 141.92Rl (SD 

= 15.68). The retroreflectivity level before the intervention was well below the recommended New Zealand 

standard of 100Rl. The high variation in retroreflectivity for the roadmarkings prior to the upgrade was 

probably because there was uneven wear over time, due to variable vehicle exposure on different sections 

of the road.  

Figure 2.1 Experimental test conditions 
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2.2 Sites 

The original intention of the research was to select a single site. However, because the initial results of the 

research provided counter-intuitive findings that required significant re-working to ensure that what we 

observed was accurate, the following three sites were used for the project:  

1 Kaitoke – a 100kph speed zone rural road near the northern end of the Kaitoke Loop Rd on State 

Highway 2  

2 Alexander Rd – an 80kph speed zone semi-rural road in Upper Hutt 

3 Fergusson Drive (control site) – a 50kph speed zone urban road near Totara Street, in Upper Hutt. 

The three sites were used for case-control comparisons using different features of each location, as 

described in each section below. The basic procedure was consistent across each site, using the same 

observers in elevated positions. Where the features of the road did not allow a good viewing angle, the 

observers positioned themselves on the roof of the van to achieve a consistent perspective on the drivers’ 

hand positions.  

2.2.1 Rationale for introducing additional sites  

2.2.1.1 Alexander Rd 

The Alexander Rd site was introduced because there was no detectable difference between daytime and 

night-time driving behaviours at Kaitoke. Apart from a failure of the method, there were two factors that 

could have accounted for this.  

First, it was supposed that if the roadmarkings at the Kaitoke site were of high quality and high visibility, 

they could be making the night-time driving conditions similar to daytime conditions – that is, the 

markings were creating conditions equivalent to a daytime driving environment. If true, this conclusion 

would have had significant implications for the linemarking industry, because the physical attributes of 

these linemarkings were not particularly good and yet they were performing well.  

Second, it was supposed that the type of driver in night-time conditions might be different, masking the 

effect of night-time driving through behaviour we were not monitoring. For example, it was posited that 

the northbound traffic at night might mainly consist of locals who were familiar with the road (and 

therefore drove with relaxed hand positions), or a limited number of drivers who were travelling intercity, 

or some other feature. The basic logic of the method requires the general characteristics of sampled 

drivers to be consistent across observations at different times. While we had no real reason to believe this 

assumption had been violated, we wanted to check for the possibility.  

The Alexander Rd site was selected because it was an urban driving environment that had poor 

roadmarkings with significantly lower retroreflectivity (38Rl) than the Kaitoke site (220Rl). 

2.2.1.2 Fergusson Drive (control site) 

The Fergusson Drive site was required as there was no observable difference in driver behaviour between 

daytime and night-time conditions at either the Kaitoke or the Alexander Rd site. It was posited that there 

could be different characteristics in the sample of night-time and daytime drivers that were confounding 

the relationship between roadmarking visibility and driver behaviour.  

This site was chosen because the high level of street lighting meant that the visibility change between 

daytime and night-time was essentially controlled (there was no street lighting at the other sites). 

Controlling for the lighting conditions meant that any change in hand positions was likely to be a function 

of a different composition of drivers during night-time conditions.  
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2.2.2 Kaitoke (State Highway 2) 

The Kaitoke site (shown in figure 2.2) was a 100kph rural site on State Highway 2. The observers were in 

an elevated position (on a roadside bank) approximately 4m above the road, which provided a good view 

of the entire steering wheel of passing vehicles. So that the observers did not need to look through the 

vehicle to see the driver’s hands, only the vehicles in the far lane to the observers were observed (an 

advantage especially at night). These vehicles were heading north (away from the main urban centre of 

Wellington) and on to a stretch of intercity highway. The curve ahead of the site was a modest bend that 

was signposted with curve advisory speed.  

Figure 2.2 The Kaitoke site layout, including the location of the TIRTL units (measuring speed and headway) 

and the observation location 

 

2.2.3 Alexander Rd 

The Alexander Rd site was in an 80kph speed zone site in Upper Hutt (see figure 2.3). The linemarkings at 

this site had relatively low retroreflectivity (30Rl). The traffic in the far lane to the observers was travelling 

north and approaching a moderate horizontal curve in the road 300m ahead.  
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Figure 2.3 The Alexander Rd site layout, including the location of the TIRTL units (measuring speed and 

headway) and the observation location 

 

2.2.4 Fergusson Drive (control site) 

The Fergusson Drive site was in an urban 50kph speed zone in Upper Hutt (see figure 2.4). Unlike the 

other sites, this site had street lighting, so the visibility of the road, or sight distance of drivers, was not 

expected to differ between daytime and night-time conditions. Vehicles travelling in the far lane from the 

observers were heading east along a straight road for at least 500m in each direction. In this location, 

observers were usually seated on top of the van roof to get a better viewing angle.  
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Figure 2.4 The Fergusson Drive site layout, including the location of the TIRTL units (measuring speed and 

headway) and the observation location 

 

2.3 Adaptation of the ‘hands-on’ method for night-time 

conditions 

A key task of this project was to modify the ‘hands-on’ method for use at night, when hand positions were 

more difficult to observe. Various techniques and technologies were examined (see appendix B for more 

detail). The key prerequisites were: 

1 providing enough light to detect drivers’ hand positions 

2 ensuring the light sources and equipment setup did not create a hazard to motorists 

3 ensuring that motorists maintained their natural driving behaviour. 

Low-light conditions (ie full moon on a clear night) and infrared lighting were tested, with the preferred 

method being infrared lighting because an infrared camera can capture information outside the visible 

spectrum
4
, making unobtrusive imaging possible even in night-time conditions where little or no visible 

                                                   

4 The human eye is sensitive to wavelengths of light in the range 450–750 nanometres (nm). Wavelengths longer than 

750nm are known as infrared, and are invisible to the human eye. Infrared cameras operate with wavelengths as long as 

14,000nm (14µm). By capturing information from outside the visible spectrum, and then reproducing it as visible light, 

an infrared camera is able to use light that is otherwise ‘wasted’ by the human eye. 
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light is available. The night-vision equipment that was selected and successfully trialled is described in the 

next section.  

2.4 Equipment 

2.4.1 Night vision 

The two observers used ATN NVG7-2 Generation 2 night-vision goggles to identify night-time hand 

positions. These use Microchannel Plate (MCP) technology that enhances image quality and amplification. 

A perpendicular observation angle to the vehicles was taken in order to reduce the glare from vehicle 

headlights. The night-vision goggles also had automatic bright-light shut-off to further reduce the 

influence of headlight glare. 

Each target vehicle was illuminated by a person using two hand-held infrared spotlights. These spotlights 

amplified incoming visible or near-infrared light, so that the resulting image was of a higher intensity 

(contrast). A picture of the spotlight (without the infrared lens) is shown in figure 2.5. 

Figure 2.5 The Generation 2 night-vision goggles (left) and handheld spotlight (right) 

 

 

 

 

 

 

 

 

 

2.4.2 Retroreflectivity 

A Zehntner Retroreflectometer was used to assess levels of retroreflectivity (Rl) for night-time conditions 

before and after the roadmarking intervention at the Alexander Rd site. The visibility distances under the 

different markings were calculated using visibility software (see figure 2.6). This software program was 

developed as part of the 1999 European Co-operation in the Field of Scientific and Technical Research 

(COST) project. Information regarding roadmarking retroreflectivity, roadmarking width, headlight 

information (dipped or full beam), lane width, vehicle type and driver age were input into the software 

program. 
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Figure 2.6 An example output from the visibility software program that provided the roadmarking visibility 

distance in metres and seconds 

 

2.4.3 Rainfall measurement 

Rainfall was measured using an AC013 Rain Collector (see figure 2.7), which consists of a collection cone 

and two tipping buckets and has an accuracy of +/- 0.2mm. (The AC013 meets the requirements of the 

World Meteorological Association.) 

Rain enters the cone of the collector, passes through a debris-filtering screen and tips when 0.2mm of rain 

has collected. The rainfall data was monitored and collected using a MultiLogPro portable data logger.  

Figure 2.7 An AC013 Rain Collector showing the collection cone and a view of the interior tipping mechanism 
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2.4.4 Speed and headway measurement 

The Infrared Traffic Logger (TIRTL) is a sophisticated traffic-logging system that gathers time-and-date-

stamped information on vehicle speed and vehicle type. The TIRTL uses infrared beams to measure traffic 

flows, meaning there are no cables placed on the road that might be moved or damaged.  

The beams were set up to be at wheel height (see figure 2.8), so that vehicle type (eg motorbike, truck, 

towing vehicle) could be calculated from the wheel size and spacing, and the direction of the traffic was 

recorded. This allowed trucks, motorbikes and vehicles travelling in the wrong direction, for which we 

were not collecting hand-position data, to be removed from the sample. 

Figure 2.8 The Infrared Traffic Logger (TIRTL) roadside setup, with devices placed on opposite sides of the 

road to record traffic speed, headway and vehicle types 

 

 

 

 

 

 

 

 

 

2.4.5 Procedure 

The TIRTL equipment was set up on opposite sides of the road. A laptop was connected to the TIRTL and 

TIRTLSoft software was used to ensure the equipment was accurately recording traffic flows. 

As described earlier, hand-position observations were made from an elevated position (either on a 

roadside bank or on top of a motor vehicle). Only vehicles in the far lane from the observers were 

examined, as this made it easier for observers to see the drivers’ hands. Hand positions were recorded 

independently by two trained observers. Hand-position data was only included in the analyses where both 

observers recorded the same hand position (see section 2.5.2 for more detail regarding data collection of 

hand positions). A third person used the hand-held infrared spotlights to enhance the level of infrared 

light in each target vehicle. 

Observers recorded the start and finish times of hand-position collection, to ensure all TIRTL data matched 

the same time period. Figure 2.9 shows an example layout of the equipment used to gather vehicle speeds 

and headways, and driver-hand positions, in night-time conditions. The same setup was used for daytime 

conditions, but without the use of night-vision equipment or the person using the infrared spotlights. 

Dictaphones were used to record the observations at night, while pen and paper were used during the day. 

Perceived driver age was collected at the Fergusson Drive site, where the lighting conditions were good 

enough to make out driver characteristics. 
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Figure 2.9 An example of the equipment setup for night-time observations and measurements (not to scale) 

 

2.5 Dependent measures 

2.5.1 Speed and headway 

Speed and headway were recorded using the TIRTL. Headway acceptance was measured for any vehicles 

that were following within four seconds of another vehicle. (Wasielewski (1979) found that the 

characteristics of vehicles with a headway larger than four seconds were not statistically different from 

vehicles travelling in very sparse traffic.) 

2.5.2 Hand positions 

The hand position of each driver was recorded by two independent observers, following the method laid 

out by Walton and Thomas (2005)
5
. If the observers did not agree on the hand position, or simply did not 

record the data (ie they missed the driver), the data was not included in the analyses. 

  

                                                   

5 The method used an ordinal categorisation of hand positions, where the ‘target zone’ for hand placement on the 

steering wheel was between the 9 o’clock and 3 o’clock positions on an analogue clock face. 
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Table 2.1 Ordinal hand-position category and description  

Hand-position category Description 

Zero hands 

No hands visible on the top half of the steering wheel (between 9 

o’clock and 3 o’clock on a clock face) 

One hand 

One hand visible on the top half of the steering wheel (between 9 

o’clock and 3 o’clock on a clock face) 

Two hands 

Two hands visible on the top half of the steering wheel (between 9 

o’clock and 3 o’clock on a clock face) 

 

2.5.3 Perceived driver age 

Perceived driver age was collected to examine whether:  

1 the age characteristics of drivers varied between daytime and night-time conditions  

2 hand position was related to age group. 

A broad measure of perceived driver age was collected at the Fergusson Drive site, where the good light 

conditions made it possible to examine driver characteristics in both daytime and night-time conditions. 

The measure broadly categorised drivers who looked 60 or more years of age into an ‘older’ age group, 

and drivers who looked younger than 60 years of age into an ‘other’ age group.
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3 Data analysis 

3.1 Driver observations 

Two field observers examined the hand positions of a total sample of 3211 vehicle drivers. About 4.7%  

(n = 152) of these observations were missed by one of the observers and were therefore not included, and 

an additional 5.1% (n = 163) were removed because of inconsistency in the inter-rater categorisation of 

hand positions, leaving a final sample of 2896 vehicle drivers.  

The hand-position agreement levels and tests of inter-rater reliability (using Cohen’s Kappa) are presented 

in table 3.1, and reveal that the observational measures were at acceptable levels of agreement for all 

conditions except for wet daytime conditions. Wet conditions reduced reliability down to 85% agreement 

(Kappa value of 0.73), because of reduced visibility. Kappa values above 0.80 are acceptable in most 

situations (Lombard et al 2008). There was little difference in inter-rater agreement between daytime and 

night-time findings, indicating that the method and equipment worked well at night.  

Table 3.1 Inter-observer agreement and hand positions, by site condition 

      

 

    % hand position category 

Site Condition N 

% observer 

agreement 

Kappa P Zero hands One hand Two hands 

Kaitoke Day 519 92.7% 0.88 *** 20.2 44.7 35.1 

 

Night 252 94.4% 0.91 *** 24.6 44.8 30.6 

 

Day wet 180 84.5% 0.73 *** 10.6 36.1 53.3 

Alexander Rd Day 483 96.6% 0.95 *** 25.3 45.8 29.0 

 

Night 146 98.6% 0.98 *** 27.4 41.8 30.8 

 

Day – repeat 485 97.0% 0.95 *** 23.1 45.2 31.8 

 

Night – repeat 113 95.8% 0.93 *** 36.3 44.2 19.5 

Fergusson Dr Day 483 96.6% 0.95 *** 28.8 47.8 23.8 

 

Night 235 92.9% 0.89 *** 33.2 43.0 23.8 

Overall   2896 95.0% - 

 

24.8 44.6 30.6 

*** p < .001 

 

3.2 Effects of wet conditions on driver behaviour 

The wet condition at Kaitoki had a rainfall level of 10.2mm/hr, which is heavy rain, and the driving 

conditions were difficult. The degradation of linemarking conspicuity under wet conditions can be seen in 

figure 3.1. 
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Figure 3.1 Linemarkings in dry (left) and wet (right) conditions  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.2 (on the next page) records the frequency of observed hand positions at the same site in two 

different conditions. In the heavy-rainfall condition, 53% of drivers had two hands on the top half of the 

steering wheel, which is higher than any of the other observations (X
2

 (4, N = 951) = 29.54, p < .001), and 

the highest rate we have observed at any site (see Walton and Thomas 2005). During the night-time 

condition (described in section 3.3) fewer drivers adopted the ‘two-hand’ position, indicating that rain 

affected the drivers’ visual environment more strongly than darkness. (We recognise that the result for the 

night-time condition may have partly been an artefact of the driver demographics at this site. This 

possibility was the reason we included additional sites where we considered whether the samples changed 

across the different times of observation). In wet conditions, drivers were more than twice as likely (odds 

ratio = 2.16, CI = 1.50-2.99, p < .001) to place both their hands on the top half of the steering wheel, 

indicating a higher level of perceived risk, than in dry daytime conditions (X
2

 (1, N = 699) = 18.62, p < 

.001). Likewise, drivers were 2.6 times as likely (odds ratio = 2.60, CI = 1.75-3.86, p < .001) to adopt a ‘10 

o’clock/2 o’clock’ hand position in wet daylight conditions than in dry night-time conditions. Note that the 

dry daytime conditions (considered here to be a baseline comparison) were the same as those in section 

3.3, which considers the difference between daytime and night-time driving behaviours. 
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Table 3.2 Cross tabulation of hand positions across daytime, night-time and wet daytime conditions at 

Kaitoke – significant effects (those with adjusted residuals over 1.96) are highlighted in bold 

 

  Number of hands on top half of steering wheel 

Total count 

 

  Zero hands One hand Two hands 

Day Observed count 105 232 182 519 

 

Expected count 101.51 223.75 193.74 519 

 

% hand position 20.23 44.70 35.07 100 

 

Adjusted residual 0.57 1.08 -1.58 

 

Night Observed count 62 113 77 252 

 

Expected count 49.29 108.64 94.07 252 

 

% hand position 24.60 44.84 30.56 100 

 

Adjusted residual 2.35 0.65 -2.59 

 

Wet day Observed count 19 65 96 180 

 

Expected count 35.21 77.60 67.19 180 

 

% hand position 10.56 36.11 53.33 100 

 

Adjusted residual -3.38 -2.11 4.93 

 

Total count 186 410 355 951 

 

3.2.1 Speed and headway in wet conditions 

In wet conditions, average vehicle speeds were significantly lower (by about 9kph) than normal speeds in 

dry conditions, and there was also a substantial drop in speed variation (see table 3.3). 

Table 3.3 Descriptive statistics and the significant difference for speed between dry and wet conditions 

  Dry Wet Difference 

Variable N M SD N M SD t p 

Speed 314 93.28 9.10 19 84.11 5.32 -4.35 .001 

Note: During wet conditions, the TIRTL only collected data sporadically, probably because of water displacement as the 

vehicle passed. Therefore only 19 records were collected for speed, and none for headway. 

 

3.2.2 Accident records in wet conditions in New Zealand 

The proportions of injury and fatal crashes in New Zealand for wet versus dry conditions are contained in 

Motor vehicle crashes in New Zealand 2008 (MoT 2009). Table 3.4 outlines the frequency of injury and 

fatal crashes under different weather and light conditions. The table shows that about 16% of injury 

accidents, and 17% of fatal accidents, occur when it is raining. 

According to 1971–2000 meteorological data collected by NIWA, an average of 120 days per year in New 

Zealand have at least 1mm of rain (NIWA 2010), and about 40 days have at least 2mm of rain (the latter 

meeting the formal definition of a wet or rain day, according to Metcheck (2010)). Under this definition of 

a wet day, New Zealand drivers would be exposed to wet driving conditions for up to 11% of the year (ie 

40 wet days out of 365). The likelihood of having rain for every hour of the wet day is low, so this measure 

is relatively high.  
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Therefore, accident exposure under wet conditions is slightly over-represented in the chart, although 

under this crude measure of exposure, this difference is not significant for either injury accidents (X
2

 (1, N 

= 10607) = 2.11, p > .05, n.s.) or fatal accidents (X
2

 (1, N = 655) = 2.77, p > .05, n.s.). 

Table 3.4 Frequency of injury accidents and fatal accidents during different weather conditions in New 

Zealand in 2008 (MoT 2009)  

Injury accidents 

Light conditions 

Weather condition 

% in rain 

Fine Heavy rain Light rain 

Light Bright sun 4408 4 31 0.79% 

 

Overcast 2015 59 915 32.59% 

Dark Street lights on 1393 29 425 24.58% 

 

Street lights off 22 3 6 29.03% 

 

No. of street lights 732 55 145 21.46% 

Total 8570 150 1522 16.32% 

Fatal accidents 

Light conditions 

Weather condition 

% in rain 

Fine Heavy rain Light rain 

Light Bright sun 121 - 1 0.82% 

 

Overcast 30 - 24 44.44% 

Dark Street lights on 34 1 8 20.93% 

 

Street lights off - - - - 

 

No. of street lights 55 4 12 22.54% 

Total 240 5 45 17.24% 

 

3.3 Comparisons of driver behaviour in daytime and 

night-time conditions 

The influence of daytime and night-time conditions was examined at all three sites – Kaitoke (a rural 

100kph speed zone site), Alexander Drive (a semi-rural 80kph speed zone site), and Fergusson Drive (a 

well-lit, urban, 50kph speed zone control site). 

As with findings in other studies (eg Walton and Thomas 2005) the modal daytime driving hand position 

was found to be one hand on the top half of the steering wheel. This was observed in all three locations 

and varied little between the sites (44.7%–47.8%).  

Variations between the sites led to some differences in drivers’ hand positions. As was established in 

Walton and Thomas (2005), the speed zone influences hand positions – at the Kaitoke site (a 100kph 

speed zone), more drivers had two hands on the top half of the steering wheel than was expected, and at 

the Fergusson Drive site (a 50kph speed zone), we observed fewer hands on the top half of the steering 

wheel than expected. Examination of the data from the three sites establishes that sites differ during the 

daytime X
2

 (4, N = 1485) = 19.73, p <.001). An ordinal-by-ordinal test (Somers’ d) indicates that the value 

of the relationship is weak (d (1485) = -.102, p . <.001), despite being statistically significant.  
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Against expectation, the aggregated data considering all drivers observed showed no significant 

difference in hand positions between daytime and night-time driving at the Kaitoke and Alexander Rd 

sites.
 

The chi-square tests of independence detected no relationship between day-to-night comparisons of 

hand positions: Kaitoke: X
2

 (2, N = 771) = 2.53, p = .28, n.s. Despite being sensitive to even a fairly subtle 

change in speed (d (1002) = -.071, p.<.016) between an 80km and 100km zone, the method appeared, at 

first sight, to fail to detect a change in behaviour across a major shift in the visual environment of driving 

conditions (ie daytime to night-time). We had expected that at night-time, drivers would be more cautious 

because of the narrowed view of the road corridor and reduced sight distances at the Kaitoke and 

Alexander Rd sites.  

These initial results proved to be a difficult setback in the design and overall aims of the methodology, 

and led to:  

• making additional observations to establish the reliability of night-time observations 

• including additional sites, so that we could test the possibility that the existing linemarkings at 

Kaitoke were of sufficient quality to allow driving behaviours akin to those observed in daylight 

conditions.  

Despite the almost completed abraded linemarkings at the Alexander Rd site, the finding that was 

observed at Kaitoke was repeated – that is, there was the same sort of driving behaviour whether it was 

daytime or night-time (see table 3.1 in section 3.1). The repeatability of the night-time measure confirmed 

that the method was reliable (X
2

 (2, N = 259) = 4.872, p = .09, n.s.).  

The Fergusson Drive site was introduced as a control, to provide a comparison where overhead lighting 

would ensure a minimal disadvantage for the night-time visual environment. The site was also on a 

parallel ‘back road’ alternative to the Alexander Rd site. Once again, driver behaviours (as observed in 

hand positions) were no different whether it was daytime or night-time (X
2

 (2, N = 718) = 1.84, p = .40, 

n.s.) (see table 3.1 in section 3.1). This result further confirmed our previous findings and increased our 

confidence that the method of observation was sound – the Fergusson Drive site was so well lit that night-

vision equipment was not required to make accurate observations (see table 3.5 following)  

Against the evidence from all other contexts, where even very minor changes in the road context resulted 

in a corresponding change in observed hand positions, it appeared that night-time driving was somehow 

fundamentally different from normal daytime driving.  

Table 3.5 Cross tabulation of hand positions, by daytime and night-time conditions for the three observation 

sites. Fergusson Drive was a 50km zone with overhead lights; Kaitoke was a 100kph zone in a rural area with no 

street lighting. Significant effects (those with adjusted residuals over 1.96) are highlighted in bold. 

 Site 

Number of hands on top half of steering wheel 

Total count 

Zero hands One hand Two hands 

Kaitoke 

 

 

 

 

 

 

 

 

Day Actual count 105 232 182 519 

 

Expected count 112.42 232.24 174.35 519 

 

% hand position 20.23 44.70 35.07 100 

 

Adjusted residual -1.38 -0.04 1.24 

 

Night Actual count 62 113 77 252 

 

Expected count 54.58 112.76 84.65 252 

 

% hand position 24.60 44.84 30.56 100 

Total count 167 345 259 771 
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 Site 

Number of hands on top half of steering wheel 

Total count 

Zero hands One hand Two hands 

Alexander 

Rd 

Day Actual count 122 221 140 483 

 

Expected count 124.40 216.54 142.06 483 

 

% hand position 25.26 45.76 28.99 100 

 

Adjusted residual -0.52 0.85 -0.43 

 

Night Actual count 40 61 45 146 

 

Expected count 37.60 65.46 42.94 146 

 

% hand position 27.40 41.78 30.82 100 

 

Adjusted residual 0.52 -0.85 0.43 

 

Total count 162 282 185 629 

Fergusson 

Dr 

Day Actual count 139 231 113 483 

 

Expected count 145.98 223.34 113.69 483 

 

% hand position 28.78 47.83 23.40 100 

 

Adjusted residual -1.21 1.22 -0.13 

 

Night Actual count 78 101 56 235 

 

Expected count 71.02 108.66 55.31 235 

 

% hand position 33.19 42.98 23.83 100 

 

Adjusted residual 1.21 -1.22 0.13 

 

Total count 217 332 169 718 

 

3.3.1 Age as an extraneous factor 

A possible explanation of the observed increase in average speed at the Alexander Rd site and the lack of 

change in hand positions during night-time driving conditions at both Alexander Rd and Kaitoke was that 

the demographic characteristics of drivers varied between the daytime and night-time. Thus when 

comparing the conditions, we were breaking a fundamental rule by observing a different population of 

drivers in the ‘before’ scenario than in the ‘after’ scenario (see Hauer 2002 for further explanation).  

A broad measure of perceived driver age was collected at the Fergusson Drive site during both daytime 

and night-time conditions. Driver age was categorised as either ‘older’ (ie those who looked 60 or more 

years of age) or ‘other’ (ie those who looked less than 60 years of age). We observed that older drivers 

were significantly more likely to drive with two hands on the top half of the steering wheel (X
2

 (2, N = 718) 

= 40.95, p < .001) (see table 3.6). More specifically, older drivers were 3.5 times more likely to drive with 

two hands on the top half of the steering wheel when compared with other drivers (odds ratio = 3.54, CI = 

2.36-5.32, p < .001). 
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Table 3.6 Cross tabulation of hand positions, by perceived age group – significant effects (those with 

adjusted residuals over 1.96) are highlighted in bold 

Perceived age group 

Number of hands on top half of steering wheel 

Total count 

Zero hands One hand Two hands 

Other (<60 years) 

Observed count 194 286 112 592 

Expected count 178.92 273.74 139.34 592 

% hand position 32.77 48.31 18.92 100 

Adjusted residual 3.22 2.41 -6.32 

 

Older (60+ years) 

Observed count 23 46 57 126 

Expected count 38.08 58.26 29.66 126 

% hand position 18.25 36.51 45.24 100 

Adjusted residual -3.22 -2.41 6.32 

 

Total count 217 332 169 718 

 

We observed that older drivers were 2.9 times more common during the day than at night (X
2

 (1, N = 753) 

=19.10, p < .001, odds ratio = 2.86, CI = 1.76-4.65, p < .001) (see table 3.7 below). This low exposure to 

night-time conditions in older drivers, combined with the fact that older drivers typically place more hands 

on the top half of the steering wheel, at least partially explains why there was no observed difference 

between daytime and night-time driver hand positions at Kaitoke or Alexander Rd – ie older drivers may be 

adapting to a poor visual driving environment at night by limiting their night-time travel. Consequently, 

there were fewer ‘cautious’ hand positions observed at night simply because there were fewer older 

drivers at night. 

Table 3.7 Cross tabulation of perceived age group of drivers, by daytime and night-time conditions at 

Fergusson Drive – significant effects (those with adjusted residuals over 1.96) are highlighted in bold 

  Perceived age group 

Total count 

Fergusson Drive Other (<60 years) Older (60+ years) 

Day Observed count 393 107 500 

 

Expected count 414.34 85.66 500 

 

% age group 78.60 21.40 100 

 

Adjusted residual -4.37 4.37 

 

Night Observed count 231 22 253 

 

Expected count 209.66 43.34 253 

 

% age group 91.30 8.70 100 

 

Adjusted residual 4.37 -4.37 

 

Total count 624 129 753 

 

An examination of New Zealand Household Travel Survey data (MoT 2006) supports this age finding, 

revealing that drivers aged 60 or more years are significantly more likely to be driving in the mid-

afternoon, and significantly less likely to be driving later at night, when compared with drivers aged under 

30 years (X
2

 (16, N = 14,532) = 312.73, p < .001) (see table 3.8).  
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Table 3.8 Cross tabulation of motor vehicle travel time, by age group (data from MoT 2006). Significant 

effects (those with adjusted residuals over 1.96) are highlighted in bold. 

Age 

group 

 

Hour of day 
Total 

count 
3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm 11pm 

15–29 

Observed count 462 498 620 482 293 241 200 127 81 3004 

Expected count 644 593 643 411 272 163 135 88 55 3004 

Adjusted 

residual 

-9.09 -4.87 -1.13 4.24 1.50 7.04 6.38 4.76 3.94 

 

30–59 

Observed count 2034 1787 2034 1265 856 451 369 228 163 9187 

Expected count 1970 1812 1965 1257 832 499 414 269 169 9187 

Adjusted 

residual 

2.69 -1.10 2.87 0.41 1.44 -3.63 -3.74 -4.15 -0.74 

 

60+ 

Observed count 620 582 455 241 167 97 86 70 23 2341 

Expected count 502 462 501 320 212 127 106 68 43 2341 

Adjusted 

residual 

6.49 6.81 -2.52 -5.20 -3.54 -3.00 -2.12 0.21 -3.36 

 

Total count 3116 2867 3109 1988 1316 789 655 425 267 14,532 

 

3.4 Effect of improved delineation on driver behaviour 

The delineation on the Alexander Rd site was upgraded to increase the retroreflectivity from 38Rl to 

142Rl. The visible change can be seen in figure 3.2, where there is a clear improvement in retroreflectivity 

in the ‘after’ photographs. The ‘before/after’ design of this research ensured that other contaminating 

factors, such as the demographic characteristics of the drivers, the speed zone and the road conditions, 

were controlled.  
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Figure 3.2 Linemarkings before (left) and after (right) an upgrade 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Visibility software (developed by the European COST) was used to calculate preview times and sight 

distances of the road under each night-time condition. Table 3.10 outlines the sight distances and preview 

times by headlight condition (dipped or full beam) and age group for Alexander Rd (before and after), for 

Kaitoke, and for a recommended (100Rl) site (to illustrate the comparison). Only at very low 

retroreflectivity levels (38Rl) and in the older age group (76–85 years) do the preview times reach the 1.8 

seconds recommended as the minimum for safe road negotiation by COST (1999). The roadmarking 

upgrade made an average improvement to preview time of about 1.6 seconds, or an average improvement 

to sight distance of about 35 metres (depending on the age group and headlight condition).  
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Table 3.10 The sight distances and preview times of roadmarkings in night-time conditions, by site and by headlight condition 

 

Alexander Rd 

(vehicles travelling at 71kph) 

Kaitoke 

(vehicles travelling at 91kph)  

Before upgrade (38Rl) After upgrade (142Rl) 220Rl Minimum recommended (100Rl) 

Headlight 

condition 

Driver age 

group 

Preview  

time (s) 

Sight 

distance (m) 

Preview  

time (s) 

Sight 

distance (m) 

Preview  

time (s) 

Sight  

distance (m) 

Preview  

time (s) 

Sight  

distance (m) 

Dipped 

headlights 

16–25 2.8 65 4.1 91 4.0 100 3.9 87 

26–35 2.8 62 4.1 90 3.9 98 3.9 86 

36–45 2.8 62 4.0 89 3.8 97 3.8 85 

46–55 2.7 60 4.0 88 3.8 95 3.7 83 

56–65 2.6 58 3.9 86 3.6 92 3.6 81 

66–75 2.3 51 3.6 79 3.4 86 3.3 74 

76–85 1.8 39 2.9 64 2.8 72 2.7 59 

Full 

headlights 

16–25 3.1 68 5.3 117 5.4 136 4.8 106 

26–35 3.0 66 5.1 114 5.3 133 4.6 103 

36–45 2.9 65 5.0 112 5.1 130 4.5 101 

46–55 2.8 62 4.8 107 4.9 125 4.4 97 

56–65 2.7 60 4.6 102 4.7 119 4.2 93 

66–75 2.3 52 4.0 89 4.1 103 3.6 80 

76–85 1.8 39 3.0 66 3.0 77 2.7 60 
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Before the upgrade, night-time drivers were observed to be about twice as likely (odds ratio = .54, CI = 

0.30-0.97, p < .05) to place both their hands on the top half of the steering wheel, indicating a higher 

level of perceived risk (X
2

 (1, N = 259) = 4.28, p < .05). Arguably, drivers perceived that the new 

linemarkings made a significant improvement to their driving environment at night (see table 3.11). As 

expected, no significant change was observed in hand positions before and after the upgrade during the 

day-time condition (X
2

 (1, N = 968) = 1.10, p > .05). However, after the improvement in linemarking 

retroreflectivity there was a shift in hand positions, with around a third of the drivers who had normally 

been observed with a ‘two-hand’ configuration using a lower, more relaxed pattern of hand positions. This 

shift represented a change of about 37% away from the use of the cautious hand position – that is, the 

effect of the reflectivity improvement could be quantified as a 37% improvement towards daytime 

conditions. 

Table 3.9 Cross tabulation of night-time hand positions before and after a roadmarking upgrade – significant 

effects (those with adjusted residuals over 1.96) are highlighted in bold 

Alexander Rd night 

Hand position 

Total count 

Other Two hands 

Before upgrade (38Rl) 

Observed count 101 45 146 

Expected count 108.23 37.77 146 

% hand position 69.18 30.82 100 

Adjusted residual -2.07 2.07 

 

After upgrade (142Rl) 

Observed count 91 22 113 

Expected count 83.77 29.23 113 

% hand position 80.53 19.47 100 

Adjusted residual 2.07 -2.07 

 

Total count 192 67 259 

3.4.1 The effect of improved delineation on speed and headway 

Research into perceptual countermeasures indicates that the width of the road influences driver speeds, 

with wider roads being related to higher speeds (Godley et al 2004, Lewis-Evans and Charlton 2006).  

As shown in table 3.10, the improved delineation in this case had the effect of reducing vehicle speed 

during the daytime – possibly because when the roadmarkings were poor, the lane was perceived by 

drivers to be wider than it actually was, and once the markings were improved, the actual lane widths 

became obvious.  

Table 3.10 Descriptives and significant differences for speed and headway before and after a roadmarking 

upgrade 

Variable 
Light 

condition 

Roadmarking condition 

 

Before upgrade (38Rl) After upgrade (142Rl) 

N M SD N M SD t p 

 

Speed Day 406 73.65 6.27 254 71.85 8.04 3.22 0.001 *** 

 Night 151 75.50 9.61 130 74.20 9.63 1.13 0.261 

 

Headway Day 168 1.98 0.75 74 1.85 0.68 1.28 0.201 

 

 Night 9 2.00 0.87 20 1.90 0.64 0.35 0.730 

 

Note: *** = p < .001 
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4 Discussion and conclusions 

The effect of road delineation on drivers has previously defied examination by researchers. In particular, 

the relationship between variations in the quality of roadmarkings and actual driving performance has not 

been well understood. However, it is obvious that even roads without any linemarkings can be negotiated 

well if a driver adjusts their driving behaviours to meet the conditions. These changes in behaviour should 

be observable, but traditional measures have failed to quantify them. This has hampered the work of road 

asset managers who seek to optimise the road network’s performance and assess new materials that are 

designed to assist drivers at night-time and in wet conditions.  

In this research project, a conceptually complex but practically straightforward technique was used to 

determine the effect of linemarkings when comparing night-time driving behaviours with the baseline of 

daytime driving behaviours. This study has revealed a successful, reliable method, which is more sensitive 

than speed or headway, of quantifying the benefits of road delineation improvements.  

The data showed that an improvement in linemarking retroreflectivity (from 38Rl to 142Rl) resulted in a 

shift in behaviours that were representative of those observed in daytime conditions. Where the 

roadmarkings were bright (rather than worn), night-time drivers were about twice as likely to adopt a 

steering wheel hand-position configuration similar to that used in daylight conditions (ie a more relaxed 

hand position) – about 11% fewer drivers had two hands on the top half of the steering wheel. This change 

in driver behaviours represented a quantification of the effect of the 106RI improvement in the 

linemarking – ie a 37% improvement in driver behaviours between the old markings (38RI) and the new 

markings (142RI). Clearly, the nature of the relationship between linemarkings’ physical characteristics 

and improvement in driver behaviours cannot be determined by a single site observation, but this result 

has established that the method used in this study can be used to measure that relationship.  

Discussion of the specific findings regarding the influence of linemarkings under the wet night-time 

conditions, and improved delineation conditions, follows. In each of these conditions, comparisons were 

made with driver behaviour under the dry daytime condition (at each site), as this condition was assumed 

to provide the best-possible visual environment. The performance of the roadmarkings was therefore 

assessed against whether they replicated a visual environment that was as good as the dry daytime visual 

environment.  

4.1 Wet conditions 

Wet conditions elicited the highest level of apparent perceived risk, with 53% of drivers adopting a ‘10 to 

2’ hand position – this was the highest recorded proportion of drivers with this hand position to date 

across any of the previous studies of hand positions (Walton and Thomas 2005, Thomas and Walton 2007, 

Fourie et al, in press). When compared with dry daytime or dry night-time conditions at the same site, 

drivers were 2–2.5 times more likely to adopt a ‘10 to 2’ hand position in wet conditions. In addition, 

drivers concurrently adjusted their speeds to about 9kph slower in the wet conditions, but despite this, 

they still increased the security of their hand positions (cf Walton and Thomas 2005, who found that 

reduced speed led to more relaxed hand positions).  

These findings implicated exposure to wet conditions as a leading cause of visibility reduction while 

driving. McKnight et al (1998) suggested that the only time roadmarking line width and contrast had a 

substantial effect upon lane-keeping was when there was an extremely low level of contrast between the 

roadmarking and the road surface, such as in wet night-time conditions. In a meta-analysis examining the 

influence of adverse weather conditions on crash risk, wet weather was found to increase accident risk by 
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71% (Qiu and Nixon 2008). Motor vehicle accidents involving wet weather made up approximately 16% of 

injury accidents and 17% of fatal accidents in New Zealand in 2008 (MoT 2009).  

Andrey and Yagar (1993) also found that accident risk during rainfall conditions was approximately 70% 

higher than in other conditions. However, the increase in risk was eliminated as soon as the rainfall 

ceased, even though the wet conditions of the road remained. The key elements of the visibility issue were 

considered to be a reduction in vision because of the interference of rain hitting the vehicle windscreen 

and from light reflecting off the falling rain. It is important to note that the current methods for measuring 

linemarking retroreflectivity can take into account the influence of precipitation on the actual 

roadmarking, but it does not measure the level of reduction in sight distance that is caused by rainfall. 

Roadmarking standards and interventions need to focus on providing better sight distances during rainfall 

conditions, and this is not limited to just providing good retroreflectivity when roadmarkings are wet. The 

assessment of wet-weather roadmarkings should be tested in a real-world environment, as any replication 

of the conditions in a simulated environment is likely to have poor ecological validity. 

4.2 Night-time conditions 

Initially, there was no detectable difference in hand-position configurations between night-time and 

daytime conditions across all three sites, despite very large differences between the delineation 

treatments at the different sites (well-maintained linemarkings, poor linemarkings, and overhead lighting). 

Repeated night-time observations confirmed, and re-confirmed, these results, which seemed to be 

counter-intuitive.  

Expanding the number of sites to three and repeating the observations eliminated the possibility of having 

a methodological confound due to the method of observation at night. Using night-vision equipment was 

technically challenging and arguably at the limits of available technology. It was difficult to observe the 

inside of a moving vehicle at night, especially when it was travelling at 80–100kph. In particular, it was 

difficult to observe the position of the driver’s left hand, as it was further into the darkened interior of the 

vehicle. If true, this explanation would have undermined our experiment, as we would be systemically 

under-reporting the night-time incidence of the two-hands position and the one-hand position (particularly 

when it was the left hand that was on the steering wheel).  

Nonetheless, night-time observations at the 50kph zone with overhead lighting (the Fergusson Drive site) 

resulted in the same finding – ie no change between daytime and night-time hand-pattern configurations.  

The logical difficulty was that the improvement in lighting that allowed us to not use the night-vision 

equipment also allowed drivers to drive as if it was daylight and adopt a daytime driving hand position. 

However, the findings of all the sites taken as a whole ruled out that explanation. When the linemarkings 

at the Alexander Rd site were upgraded, there was a difference in the hand positions being adopted. In 

addition, we found that the overall demographics of drivers co-varied with the time of the observations, 

and these differences matched with the expected variation in hand positions – ie the reduction in the 

number of older drivers at night-time appeared to be responsible for the lack of difference in the hand- 

position configurations observed at night. This trend was further understood and confirmed by examining 

National Household Travel Survey data (MoT 2006).  

These demographic changes confounded measurement of the condition changes. Despite the more 

difficult driving conditions and consequently higher perception of risk at night, the reduction in the 

number of older drivers (who tend to have relatively higher perceptions of risk overall) meant the overall 

pattern of driving behaviour matched the pattern observed in daytime conditions. In the broad sense, we 
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observed an ecological version of risk homoeostasis (Wilde 1982) – ie drivers as a group (vis-a-vis 

individuals) maintain a level of risk that is matched against their perceptions of conditions.  

The implication of these findings is that drivers do adapt to the reduced visual conditions of night-time 

driving, and that the visual environment could be improved at great benefit to drivers. Suh et al (2006) 

also found that drivers adapted to their environment at night, maintaining greater visual focus on the road 

than they did in daylight conditions. The idea that drivers who are visually limited (eg older drivers) avoid 

driving in poor visibility conditions is just an extension of this adaptation.  

As an aside, this adaptation may also prevent older drivers from accessing the full range of social activities 

that are available to other drivers. It is not known whether the reason for the avoidance of night-time 

travel is because of a poor visual environment, or simply because older people do not need to travel at 

night. If the former, then improved road delineation could lead to arguably greater benefits, such as 

greater social inclusion, than have previously been investigated or understood. It is clear, however, that a 

benefit afforded by good road delineation is the ability to travel comfortably at night and this functionality 

is not currently used by all road users.  

4.3 Improved delineation 

This study showed that improved road delineation resulted in a significant reduction in the number of 

hands placed on the top half of the steering wheel at night. This was considered reasonable evidence that 

the driver was detecting a measurable improvement in the visual environment and was consequently more 

relaxed when driving at night. The finding that there was no detectable difference in hand-position 

configurations after the upgrade for the daytime condition further confirms the theory that night-time 

driving is more difficult, and that improved roadmarkings provide detectable benefits to drivers at night. 

The improved road delineation that we examined created conditions that made night-time driving 

conditions comparable to daytime driving conditions, which means that it is possible to create an 

improved visual environment at night without the expense of lighting solutions (ie streetlights), and to 

measure such.  

Previous findings regarding the relationship between retroreflectivity and driver behaviour may have been 

inconclusive because of the insensitivity of measures such as monitoring vehicle speeds. In this study, the 

other measures, such as vehicle speeds and headways, did not change significantly at night after the 

linemarkings upgrade. The ‘hands-on’ measure was more sensitive than other intermediate measures of 

perceived driver risk.  

This study did not examine enough sites to establish the relationship between improvements to 

retroreflectivity and improved driver behaviour (relative to daytime driving behaviour). However, our 

results could be used to illustrate the type of result that could be obtained, using the method presented 

here, in examination of further sites of upgraded linemarkings. For example, if the relationship between 

hand position and retroreflectivity was linear for the Alexander Rd upgrade, the improvement in 

retroreflectivity of 104Rl led to an approximate 11% reduction in ‘tense’ hand positions (ie hands 

positioned at ‘10 to 2’), which equates to 1% of the drivers perceiving a level of visibility comparable to 

daytime conditions for every 9Rl of retroreflectivity improvement. It is important to note that the 

relationship is not likely to be linear; improvements will have diminishing returns as retroreflectivity 

increases. At the higher levels, increased retroreflectivity could result in increased glare and become an 

impediment in the driver’s visual field.  
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4.4 The benefit of the ‘hands-on’ method 

The ‘hands-on’ method is sensitive to improvements or changes in road delineation. The method has been 

reliably tested in night-time driving environments, and it can now be used to determine the nature of the 

relationship between improvements in road delineation, and to assess the benefits by the degree to which 

drivers’ behaviours change towards daytime behaviours. This method could lead to a re-evaluation of the 

Manual of traffic signs and markings (MOTSAM) (NZTA 2010) and the Road and traffic standard 5: 

guidelines for rural road marking and delineation (RTS-5) (MoT 1992) regarding: 

1 the minimum level of service of delineation that is appropriate to the road conditions 

2 the maintenance thresholds at which roadmarkings should be upgraded 

3 the evaluation of supplemental visibility devices (eg edge-marker posts or cat’s eyes). 

New Zealand road authorities can use the successfully tested, sensitive ‘hands-on’ observation method to 

ensure that the materials and delineation practices being used are effective. The evidence from this study 

confirms that the ‘hands-on’ method can assess the effectiveness or redundancy of different delineation 

treatments more effectively than other intermediate measures of risk (eg speed and headway). We found 

the following advantages: 

• Sensitivity: The ‘hands-on’ method provides a more sensitive baseline from which to evaluate 

intervention effectiveness when compared with common measures (eg speed and headway data). This 

sensitivity derives from the fact that hand positions are not restricted by external regulatory 

constraints or social norms. Before/after studies of interventions to the road corridor that have 

revealed no significant changes in speed may still reveal a change in hand-position configurations.  

• Immediacy: The ‘hands-on’ method provides the ability to measure driver behaviour immediately after 

an intervention, without sole reliance on the change to accident rates over time, which requires a 

longer time period to provide any reliability. 

• Reliability and validity: The ‘hands-on’ measure is consistently reliable within different environmental 

contexts and over time, and also achieves face validity, as drivers believe that their hand positions do 

change depending on the level of risk they perceive in the driving environment. 

The measure is potentially sensitive enough to detect small variations in hand positions as a response to 

relatively minor changes in the visual environment (such as the presence of a newly placed road cone). It 

was not a requirement of this project to examine the full potential of the method. Rather, the method was 

applied to the seemingly intractable problem of assessing how people respond to changes in the visual 

environment as it is altered by improvements in road delineation treatments.  

4.4.1 Limitations 

It was hard to get very high inter-rater reliability in rainy conditions, as observations were typically made 

through the drivers’-side windows of passing vehicles, which were partially beaded with rain. It is possible 

that a better observation set up and some practice would overcome this problem.  

An ideal test would have established the influence of wet night-time conditions – however, night-time 

hand-position data was not collected in rainy weather because rain prevented night-vision equipment, 

particularly projected infrared light, from working effectively. The night-vision equipment was very 

responsive to the ambient light reflecting from the rain, and this scattered the image. The rain caused 

much more light to go toward the night-vision unit and degraded its performance so much that getting a 

clear view of drivers’ hand positions was not possible.  



The effect of improved road delineation: a new method of assessment 

 

50 

4.5 Future research 

Future research examining the effect of alterations to the road environment on driver behaviour will 

benefit from the use of the ‘hands-on’ method. Outlined below are:  

• a study that will specifically quantify the benefits of improving the retroreflectivity of roadmarkings  

• a broader study designed to improve the overall design of the road corridor. 

4.5.1 Quantifying the benefits of improved retroreflectivity 

The quantification of the benefits of improved roadmarkings can be modelled to establish the threshold at 

which night-time road delineation mimics dry daytime (ideal) visual driving conditions. Modelling the 

relationship between daytime/night-time changes in relative hand positions after different increments of 

improvement in retroreflectivity (across multiple roadmarking interventions) would provide an evidence 

base to determine a minimum required retroreflectivity level. This study would also benefit from the 

inclusion of reduced-visibility conditions (such as rain), to ensure the minimum standards were a 

conservative test of retroreflectivity. 

The importance of delivering a method that accurately quantifies the benefit of improved roadmarking 

retroreflectivity becomes apparent when the cost involved in the application and maintenance of 

roadmarkings is examined. The current cost of roadmarkings in New Zealand is approximately $40–50 

million per annum (Dravitzki 2010, pers comm).  

As well as increasing driver comfort, a better night-time visual environment may also reduce driver 

fatigue. Liu and Wu (2009) found that fatigue caused by driving in a complex environment has a negative 

impact on driving performance and visual-performance tasks. For example, maintaining lane position on a 

road with a longer sight distance is likely to be less fatiguing over time. 

4.5.2 Self-explaining roads 

The hand-position measure (in combination with other known behavioural measures, such as speed) can 

be used as general measure of road network performance, to determine how intuitively the design of the 

road environment aligns with driver expectations – ie the concept of self-explaining roads (Kaptein and 

Claessens 1998). Such roads are thought to reduce accidents by up to 50% (Hassan and Easa 2003, Heger 

and Schlag 2003). 

At the broadest level, the performance of different sections of the road network could be examined 

relative to behaviour that is ‘typical’ of that driving environment. For example, the earliest work examining 

the ‘hands-on’ measure found a baseline composition of hand positions on the top half of the steering 

wheel of 25% zero hands, 50% one hand and 25% two hands (Walton and Thomas 2005). ‘Typical’ hand 

positions could be classified according to broad factors such as road type and speed zone. Sites identified 

as significantly different from the standard hand position observed for that road category could then be 

identified as problematic. 

4.6 A practical guide to using the hand-position measure 

The ‘hands-on’ method can be easily used by road safety practitioners. The following guide has been 

created to provide some useful tips based on the lessons that have been learnt while testing this method 

in the field.  
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4.6.1 Practical uses 

The hand-position measure can be used in the before/after evaluation of any design for any visual or 

environmental feature in the road corridor. Circumstances in which the ‘hands-on’ method will be 

particularly useful include the evaluation of: 

• improved or new signage – including changes in driver behaviour both before and after the variable 

message signs (VMS) are installed 

• purposive perceptual countermeasures –  such as roadmarkings that make the lanes narrower, and 

other perceptual speed interventions 

• the effect of alterations to the road delineation – such as alterations to roadmarkings, edge-marker 

posts or cat’s eyes. 

4.6.2 Methodological tips 

There are several anecdotal tips for the successful collection of hand-position data: 

• Typically, two hours of data should be collected for each condition – but this will depend on Average 

Annual Daily Traffic (AADT) levels and the time of day. 

• The level of accuracy required between the two observers is typically around 90% or above (see section 

3.1 ‘Driver observations’). Training of observers should occur until observer consistency is ensured at 

a minimum of this 90% level (preferably higher). It is also recommended that the first 10 observations 

at each site should be checked after they are collected to ensure consistency of categorisation. 

Common sources of misclassification occur when a driver’s hands are partially on the steering wheel, 

when a driver shifts their hand position at the point of observation, and when a hand is placed close 

to the bottom of the steering wheel. 

• Both observers should be situated close together, so that they have a similar visual angle of each 

driver at the same time. 

• Not every driver hand position needs to be collected. Collecting driver hand positions is a very 

demanding task when there is a platoon of vehicles following closely to one another. To ensure that 

both observers are examining the same drivers, it helps if one observer calls out the vehicles to be 

examined (preferably based on some predefined rules, so that there is no systematic bias in the 

sampling process). Also, sequentially numbering the observations ensures that both observers are 

making matched observations of the same drivers (in case one observer misses a vehicle). Sometimes 

it will make sense simply to collect the first vehicle in a platoon; at other times the interest might be 

related to drivers’ dealings with the car in front of them.  

• The use of technology, such as video or still photography, to capture hand positions was found to be 

cumbersome, but is achievable in daylight. A high-speed camera can get a good picture of the hand 

positions. While the ability of a human eyewitness was preferable to the technology we examined, 

there are obvious benefits to technological solutions that collect continuous hand-position data 

remotely.  

• The ‘target’ window of time that offers the best observations of driver hand-position observations 

appears to be from when the vehicle is perpendicular to the observer through to when the vehicle is 

just past the observer (at about a 20-degree angle).  

Anecdotal evidence suggested that hand-position observations were made easier by: 

• slower speed zones 
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• dry conditions 

• vehicles without tinted windows 

• an elevated view for observers (looking down into the vehicle cab) 

• a driver’s-side view of the vehicle 

• using the steering-wheel design (where appropriate) as a visual cue – most modern steering wheels 

have a horizontal bar going through them that meets the circular frame of the steering wheel either 

at, or just below, the ‘9 o’clock’ and ‘3 o’clock’ positions. Hands positioned above the bar are likely to 

be in the target zone. 



5 Recommendations 

 

53 

5 Recommendations 

1 Delineation solutions for wet conditions should be given more priority than solutions for night-time 

conditions, because wet conditions create the most difficult visual driving environment. This 

recommendation is based on the evidence that even in the daytime, drivers were 2.5 times more likely 

to place two hands on the top half of the steering wheel when it was raining, compared with night-

time conditions.  

2 The relationship between retroreflectivity and hand positions can now be modelled, using multiple 

sites with different increments in retroreflectivity, to determine the relationship between improvement 

in retroreflectivity and its effect on drivers.  

3 Before/after assessments of engineering interventions to improve the road corridor can, with 

confidence, include observations of intermediate measures such as hand position to determine the 

effects of changes on drivers. To the extent that the hands-on measure is a more sensitive measure of 

driver risk than speed or headway, it can be used as a more subtle measure of changes in drivers’ 

perceived risk.  

4 The ‘hands-on’ method measured an unexpected but very significant reduction in night-time driving 

by older people. This effect needed to be controlled for in the present study, and should be 

investigated separately. It was beyond the scope of this research to determine the extent to which 

effective road delineation could affect general driving behaviour in a specific sector of the community. 

However, further research could examine the improved social/travel opportunity outcomes for older 

drivers that would result from an improved night-time driving environment. 
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Appendix B Night-vision equipment options 

Most technological night-vision devices use a combination of two approaches: enhanced spectral range, 

and enhanced intensity range. 

• Enhanced spectral range techniques make the viewer sensitive to types of light that would be 

invisible to a human observer, such as near-infrared and ultraviolet radiation. 

• Enhanced intensity range is simply the ability to see with very small quantities of light, such as 

through the use of an image intensifier, a gain multiplication CCD, or an array of very low-noise, high-

sensitivity photodetectors. 

B1 Infrared 

The human eye is sensitive to wavelengths of light in the range 450–750 nanometres (nm). Wavelengths 

longer than 750nm are known as infrared, and are invisible to the human eye. Infrared cameras may 

operate with wavelengths as long as 14,000nm (14µm). By capturing information from outside the visible 

spectrum, and then reproducing it as visible light, the infrared camera is able to use light that is otherwise 

‘wasted’ by the human eye, and hence imaging is possible even in conditions where little or no visible 

light is available. 

B2 Far infrared/thermagraphic camera 

All objects emit a certain amount of black-body radiation as a function of their temperature. Generally 

speaking, the higher an object's temperature, the more it emits infrared radiation as black-body radiation. 

A thermagraphic camera is sensitive to this infrared radiation, and produces images of the intensity of 

heat (over a certain infrared/temperature band) being received from the different regions of the field of 

view. These images usually use ‘false’ colour to denote received intensity, rather than saturation as in 

‘normal’ photos. Because of the long wavelength of infrared light relative to visible light, the resolution of 

thermagraphic camera images is usually somewhat lower than that of visible-light cameras, and 

resolutions of 160x120 or 320x240 pixels are typical. 

Infrared detectors (for cameras) come in two varieties – cooled, and uncooled. Infrared radiation is 

experienced as radiated heat, and the infrared detector experiences the radiation by its heating or cooling 

effect. If a detector is actively cooled (to approximately minus 200°C) then it can detect the radiation with 

a much greater sensitivity than if it is uncooled, and hence produce a much better image. However, the 

equipment needed for cooling is usually bulky and the manufacturing process for the detectors is 

expensive. Uncooled detectors sacrifice image quality for economy and portability, and rely on detectors 

that work at ambient temperature, or at a stabilised temperature very close to ambient.  

Benefits: 

• can work in zero-visible-light conditions (pitch black) 

• suitable for imaging sources that produce heat, such as warm-blooded animals, etc. 

Drawbacks: 

• image is not necessarily representative of appearance under daylight conditions. 
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B3 Image intensifier 

An image intensifier works by amplifying incoming visible or near-infrared light, so that the resulting 

image is of a higher intensity (contrast) than is visible with the naked eye. Modern systems use the 

photoelectric effect in two stages: the first produces a single electron for every incident photon from the 

source, and the second produces a cascade of electrons from the incident photoelectrons. These electrons 

then excite a phosphor screen to produce a strongly intensified image. Higher levels of amplification 

generally lead to greater image noise. Many systems use a green phosphor near the peak of human light 

sensitivity (555nm) to achieve the maximum signal-to-noise ratio possible from the measurement chain 

(which necessarily includes the human eye). 

Night-vision goggles typically use this method to produce visible images in very low light conditions, as 

the technology is portable and consumes little power. There are four generations of night-vision 

technology, with generations 0 and 1 relying on vacuum tubes, and generations 2 and 3 utilising 

Microchannel Plate (MCP) technology for greatly enhanced image quality, amplification, portability, and 

power consumption. 

Benefits: 

• portable because of light weight and low power consumption  

• work under a wide range of ambient light levels 

• can benefit from active infrared illumination. 

Drawbacks: 

• only work when there is some light in the visible or near-infrared spectrum 

• not sensitive to body heat. 

B4 Active infrared imaging 

Using an image intensifier as described above on ambient levels of light is called passive infrared imaging. 

Active infrared imaging involves illuminating the area to be observed with an infrared light source. The 

light source is invisible to the naked eye, but the reflections off surfaces are visible to the night-vision 

device. Sources at 850nm will have a dull red glow, and sources at 940nm are completely invisible to the 

naked eye. 

B5 Depth perception 

Night-vision equipment does not prevent normal depth perception – though it should be clear that the 

images received are not literally through the binoculars, but rather are a projected image on a tiny screen 

that is viewed by the individual wearing the equipment. 

B6 Fog and rain 

Night-vision equipment is very responsive to reflective ambient light; therefore, the light reflecting off fog 

or heavy rain causes much more light to go towards the night-vision unit and may degrade its 

performance. 
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B7 Night-vision equipment performance attributes 

There are three important attributes for judging the performance of night-vision equipment: sensitivity, 

signal and resolution.  

• Sensitivity, or photoresponse, is the image tube’s ability to detect available light. It is usually 

measured in ‘A/lm’, or microamperes per lumen, and does not usually have standard IR illuminators. 

IR illuminators can sometimes be used in order to get acceptable performance under low-light 

conditions. 

• Signal plays a key role in night-vision performance. An MCP is used to transfer a signal from input to 

output.  

• Some equipment includes magnified optics to give the illusion that they have higher resolution, but in 

these, the field of view is sacrificed.  

Table B1 Distance and magnification chart 

Detection range by a person 6ft tall 

Full moon  

.1 lux 

Qtr. moon  

.01 lux 

Starlight  

.001 lux 

Overcast  

.0001 lux 

Generation 3 night-vision equipment 890yds 850yds 601yds 220yds 

Generation 2 night-vision equipment 690yds 650yds 430yds 160yds 

Without night-vision equipment 250yds 50yds * * 

* Not detectable 
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