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Abstract: 
 
The TAC SafeCar project is one of a growing number of on-road studies evaluating the potential 
road safety benefits of in-vehicle Intelligent Transport Systems (ITS). The project had several aims: 
to evaluate the technical operation of a number of ITS technologies with high estimated safety 
potential; to assess the acceptability to drivers of these technologies; and to evaluate, in an on-road 
setting, the impact of these technologies, alone and in combination, on driver performance and 
safety. The project also involved a study that examined, in an advanced driving simulator, the 
effects on driving performance of two variants of Intelligent Speed Adaptation (ISA). This report 
documents the design, methodology and final outcomes of Phase 4 of the project, which involved 
the deployment and on-road evaluation of four ITS technologies equipped to 15 Ford passenger 
cars (referred to as ‘SafeCars’). The four technologies were: Intelligent Speed Adaptation (ISA); 
Following Distance Warning (FDW); Seatbelt Reminder (SBR) and Reverse Collision Warning 
(RCW). Each SafeCar was also equipped with Daytime Running Lights. Twenty-three fleet car 
drivers (15 treatment and 8 control drivers) participated in the on-road trial. Each participant drove 
a SafeCar for at least 16,500 kilometres. During the trial, the treatment drivers were exposed to all 
four ITS technologies, while the control drivers were exposed to the SBR and RCW systems only. 
Each SafeCar was equipped with a data logging system which automatically recorded a range of 
driving performance measures. This report presents the findings that derived from the logged 
driving data and from the subjective data on drivers’ perceived acceptability and usability of the 
SafeCar systems.  
 
Overall, the ISA, FDW, and SBR systems had a positive effect in promoting safer driving 
performances. The ISA system reduced mean, maximum and 85th percentile speeds, and reduced 
speed variability in most speed zones. ISA also reduced the percentage of time drivers spent 
travelling above the speed limit, and did not increase travel times. The FDW system significantly 
increased mean time headway and reduced time headway variability. Driver and passenger 
interaction with the SBR system led to large decreases in the percentage of trips where occupants 
were unbelted, in the percentage of total driving time spent unbelted, and in the time taken to fasten 
a seat belt in response to the seatbelt warnings. However, the positive effects on driving 
performance induced by these systems persisted only while the systems were activated, with 
drivers reverting back to their old driving habits after the systems were deactivated, highlighting 
the effectiveness of the systems while they are active. There was little evidence of any negative 
behavioural adaptation to the systems; that is, there was no indication of increased risk taking 
associated with use of the SafeCar systems.  
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A significant reduction in fuel consumption was found, but only in 80km/h zones when the ISA 
and FDW systems combined were active. Carbon Dioxide emissions also decreased significantly, 
when both ISA and FDW were jointly active in 80 km/h zones. A significant reduction in Nitrogen 
Oxide and Hydrocarbonates emissions was found in 80 km/h zones when the ISA system alone was 
active. Significant reductions in Nitrogen Oxide and Hydrocarbonates emissions were also found in 
60 km/h (Nitrogen Oxide only) and 80 km/h zones when both the ISA and FDW systems were 
jointly active. 

Based on the logged data, the ISA system by itself is expected to reduce the incidence of fatal 
crashes by up to 8 percent and serious injury crashes by up to 6 percent. When combined with 
FDW, the ISA system is expected to reduce fatal and serious injury crashes by 9 and 7 percent, 
respectively. For the FDW system, the percentage of driving distance spent in rear-end collision 
mode (that is, where the vehicle would collide with the lead vehicle) is expected to reduce by up to 
34 percent with use of the FDW system alone, under conditions where the lead vehicle is braking at 
a moderate rate. Finally, HARM analysis based on the results of this study revealed that use of the 
SBR system is also expected to save the Australian community approximately $335 million per 
annum in injury costs.  

The ISA, FDW, SBR and RCW systems were generally rated as being useful, effective and socially 
acceptable. This was the case both prior to, and after, experience with the systems. The FDW 
system was rated as more effective at the end of the study, although after experience with the 
system, less of the participants were inclined to keep it. The systems were also found to be usable, 
although some drivers recommended alternative positions for the visual warning display. The RCW 
system was the most successful at reducing the level of workload felt by drivers. The SBR system 
also led to decreased workload, but only for the treatment drivers. Positively, the ISA and FDW 
systems did not increase the perceived level of workload participants experienced while driving. 
There was a positive effect of the SBR and FDW systems on road safety awareness: after using the 
systems, drivers were more likely to be aware of the requirement to wear a seatbelt when travelling 
slowly, and to adhere to the recommended following distance.  

Potential barriers to driver acceptance of the systems were identified. Participants reported that they 
would lose trust in systems if they gave unreliable warnings. The cost of the systems is a potential 
barrier to acceptance, particularly maintenance and service costs. Some participants found the 
auditory warnings annoying, but suggestions were made as to how they could be made more 
acceptable. It is encouraging to note that participants found the systems acceptable in terms of level 
of control; they did not feel that they would rely too strongly on the systems at the expense of their 
own judgment. Also, they did not think the systems would distract them from their driving.   
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PROJECT SYNOPSIS 

Background 
In June 1999 the Transport Accident Commission (TAC) of Victoria commissioned the 
Monash University Accident Research Centre (MUARC) to undertake the “TAC SafeCar” 
project. The project was conducted in conjunction with MUARC and Ford Australia. The 
ultimate aim of the four-phase project was to stimulate demand in the Victorian 
marketplace for in-vehicle safety related Intelligent Transport Systems (ITS) technologies 
that are capable of significantly reducing road trauma. The final phase of the research 
project involved an on-road trial and evaluation of several ITS technologies. The on-road 
trial commenced in February 2003 and concluded in March 2005. The study aimed to 
assess whether the ITS technologies have a positive influence on driver safety behaviour, 
and whether drivers are accepting of them and their technical operation.  

Fifteen specially equipped vehicles, called ‘SafeCars’, were sub-leased to nine public and 
private companies in and around Melbourne. Twenty-three drivers each drove one of the 
vehicles for a distance of at least 16,500 kilometres. The SafeCars were equipped with four 
ITS technologies: Intelligent Speed Adaptation (ISA), Following Distance Warning 
(FDW), a Seatbelt Reminder (SBR) and a Reverse Collision Warning (RCW) system. Each 
SafeCar was also fitted with Daytime Running Lights (DRLs). The SafeCar project is the 
first study to have examined the interactive effects on driving performance of ISA in 
conjunction with other ITS technologies. It is also the first to have examined the effects on 
driving of long-term exposure to the SBR and FDW systems. 

The ISA system used Global Positioning System (GPS) data referenced to an on-board 
digital map to determine the actual speed limit at the car’s current location. This data was 
compared with the car’s travel speed and the drivers received advisory warnings if they 
were exceeding the speed limit. These consisted of escalating visual, auditory and “haptic” 
(upward accelerator pressure) warnings. The FDW system used frontal radar technology to 
compute elapsed time between the SafeCar and the vehicle directly in front. Again, graded 
visual and auditory warnings were issued when the driver was travelling two seconds or 
less from the car in front. The SBR system provided visual and auditory warnings if any of 
the occupants in the vehicle were unrestrained - not just the driver. These warnings became 
more aggressive as travel speed increased. The design philosophy of the SafeCar systems 
was that warnings were issued only if the driver was behaving illegally or in an unsafe 
manner (otherwise the systems remained silent). 

System Effectiveness 
The final results show that the ISA, FDW, and SBR systems had a positive effect on 
driving performance. Speeding continues to be a major contributor to road trauma and 
research shows that even small reductions in both excessive and average traffic speeds will 
significantly improve the safety of all road users. Use of the ISA system resulted in a 
significant reduction in average and peak travel speeds and in the percentage of time spent 
travelling above the speed limit. The ISA system was most effective at reducing speeds in 
60 km/h zones. There was no increase in the amount of time it took drivers to reach their 
destination when using the system.  

Results from the FDW system are also promising. When the FDW system was active, 
drivers left a greater time gap between the SafeCar and the car in front and spent less time 
travelling at very small gaps of less than one second. The system increased the minimum 
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gap between the SafeCar and vehicle in front on each trip. These findings are important 
because rear-end collisions are among the most frequently occurring crash types in 
Australia. In the State of Victoria each year there are over 3,000 rear-end crashes and while 
these crashes are typically not as severe as other types of crashes (e.g. head on collisions), 
they are commonly linked with chronic soft tissue injuries – a problematic and long-term 
disabling injury (VicRoads, 2006).   

Although 97 percent of drivers and front passengers and 85 percent of rear seat occupants 
wear seatbelts in Victoria, one in every five vehicle occupants who die on the road is 
unrestrained at the time of the crash. Driver interaction with the SBR system led to large 
decreases in the percentage of trips driven where an occupant was unbelted for any part of 
the trip, in the percentage of total driving time spent unbelted, in the time taken to fasten a 
seat belt in response to the SBR warnings, in the average and peak speeds reached before 
buckling up, and in the time spent unbuckled while travelling at speeds of 40 km/h and 
above. It is important to note that these results were found even though the initial seatbelt 
wearing compliance rates for the occupants were high, suggesting that SBR systems can be 
effective in further improving seatbelt compliance among occupants who already have 
high wearing rates. 

Interestingly, the speed reduction effects of the ISA system were more pronounced when it 
operated in conjunction with the FDW system. However, in terms of following behaviour, 
the two systems combined were no more effective than FDW alone in increasing following 
distance. Another consistent finding was that the ISA and FDW systems were effective 
only while turned on; when they were turned off, drivers reverted to their usual driving 
behaviours, indicating the importance of drivers having exposure to these systems. Finally, 
the ISA and FDW systems appeared to be equally effective at night and during the day and 
for younger (aged less than 45 years) and older drivers (aged 45 years and over).  

Another positive finding from the study was that there was little evidence of any “negative 
behavioural adaptation” to the systems. That is, the drivers did not compensate for the 
added safety benefits derived from the systems by engaging in increased risk taking.  

SafeCar fuel consumption and vehicle emission volumes were examined across each trial 
period and speed zone to evaluate whether and how the use of the ITS systems, particularly 
the ISA and FDW systems, affected these parameters. Fuel consumption was defined as 
the number of litres of fuel used per 100 kilometres travelled. A significant reduction in 
fuel consumption was found, but only in 80km/h zones and only when the ISA and FDW 
systems were jointly activated. Carbon Dioxide emissions also decreased significantly, but 
only when both ISA and FDW were jointly active and only in 80 km/h zones. A significant 
reduction in Nitrogen Oxide and Hydrocarbonates emissions was found in 80 km/h zones 
only when the ISA system alone was active. Finally, significant reductions in Nitrogen 
Oxide and Hydrocarbonates emissions were found in 60 km/h (Nitrogen Oxide only) and 
80 km/h zones when both the ISA and FDW systems were jointly active. 

The positive changes in driving behaviour observed in the study translate into large crash 
reduction benefits. The ISA system is estimated to reduce fatal and serious injury crashes 
by up to 9 and 7 percent, respectively. For the FDW system, the percentage of driving 
distance spent in rear-end collision mode (that is, where the vehicle would collide with the 
lead vehicle if it braked suddenly) is expected to reduce by up to 34 percent when the 
system is active and when the lead vehicle is braking at a moderate rate. Finally, use of the 
SBR system is expected to save the Australian community approximately $335 million per 
annum in injury costs. 
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The findings yielded in this study were very positive, especially when considering that the 
treatment drivers were generally conservative drivers and that they were constantly aware 
that their driving performance was being closely monitored.  It is therefore probable that 
the positive results observed would be even greater in the general driving community 
under normal driving conditions. Furthermore, it is expected that the magnitude of the 
results would have been larger if the trial had taken place at a time when general speed 
levels in Victoria were not simultaneously decreasing. While the effects of population-
wide decreases in speeds were controlled for through use of a Control group, it is likely 
that these speed decreases resulted in the ISA system having less opportunity to influence 
driver speed.  

Technical Operation 
On the whole, the SafeCar systems were reliable and performed well during the trial. This 
was so even though the systems were developed, tested and refined in a far shorter 
timeframe, and with a far smaller budget, than comparable commercial systems.   

Driver Acceptance 
Driver acceptance of the SafeCar systems was generally high. The ISA, FDW, SBR and 
RCW systems were generally rated as being useful, effective and socially acceptable. This 
was the case both prior to, and after, experience with the systems. Compared to the start of 
the trial, the FDW system was rated as more effective at the end of the study after drivers 
had experienced the system. However, after experiencing the FDW system, fewer 
participants indicated that they wanted to keep the system compared to the start of the trial. 
All systems were reported to be user friendly, although some minor suggestions for 
ergonomically improving the design of the interfaces were made.   

Potential barriers to driver acceptance of the systems were identified. Participants reported 
that they would lose trust in the systems if they gave unreliable warnings. The cost of the 
systems was also identified as a potential barrier to acceptance, particularly potential 
maintenance and service costs. As intended and designed, some participants found the 
auditory warnings annoying, and suggested how they could be made more acceptable. It is 
encouraging to note that participants found the systems acceptable in terms of level of 
control. Further, participants did not feel that they would rely too strongly on the systems 
at the expense of their own judgment, and they did not think the systems would distract 
them from their driving.   

Effects on Workload 

The RCW system was the most successful at reducing the reported level of workload 
drivers felt. The SBR system also led to decreased workload for some participants. The 
ISA and FDW systems had no effect on the level of workload participants experienced 
while driving. This is a positive result, supporting the design of the visual and auditory 
warnings used in the SafeCars as they did not increase driver workload or cause 
distraction.  

Effects on Road Safety Awareness 

There was a positive effect of the SBR and FDW systems on road safety awareness. After 
using the systems, drivers were more likely to be aware of the requirement to wear a 
seatbelt when travelling slowly, and to adhere to the recommended following distance.  
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Conclusion 
In conclusion, the results of the on-road trial suggest that the SafeCar systems had a 
positive effect on driving behaviour, that they were generally acceptable to drivers and that 
they performed reliably, even though there were some technical limitations. It is 
considered that the ISA and SBR systems are suitable for wider-scale deployment in 
Victoria in the short term. 
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EXECUTIVE SUMMARY 

INTRODUCTION 

In June 1999 the Transport Accident Commission (TAC) of Victoria commissioned the 
Monash University Accident Research Centre (MUARC) to undertake the “TAC SafeCar” 
project. The project involved, as key project partners, the TAC, MUARC and Ford Motor 
Company of Australia. The overall aim of the project was to stimulate demand in Australia 
for in-vehicle Intelligent Transport Systems (ITS) technologies that are estimated to have 
high road safety potential.  

The project was conducted in four phases. Phase 1 of the project culminated in the 
selection of several in-vehicle ITS technologies that were estimated to have the potential to 
significantly reduce road trauma in Victoria, and elsewhere in Australia.  Phase 2 involved 
the development of functional and Human-Machine Interface (HMI) specifications for 
these ITS systems, the purchase and/or development of them, the fitment of them to two 
Ford demonstration vehicles, and testing of the technologies for usability and reliability. In 
Phase 3, 15 Ford passenger cars were equipped with four ITS technologies: Intelligent 
Speed Adaptation (ISA); Following Distance Warning (FDW); Seat Belt Reminder (SBR); 
and Reverse Collision Warning (RCW). During this Phase, the systems were also tested for 
acceptance against the original specifications. In Phase 4, an on-road evaluation of the four 
technologies as well as a simulator evaluation of two variants of ISA was conducted. The 
on-road evaluation commenced in February 2003 and concluded in March 2005. The 
purpose of the on-road evaluation was to assess the technical operation of the ITS 
technologies, to evaluate driver acceptance of the technologies, and to investigate the 
separate and combined effects of the technologies on driving performance and safety. The 
TAC SafeCar on-road evaluation is unique in that it is the first study, known to the authors, 
to have systematically examined the interactive effects on driving performance of ISA in 
conjunction with other ITS technologies. It is also the first study to have examined the 
effects on driving of long-term exposure to the SBR and FDW systems.  
 
This report documents the outcomes of Phases 3 and 4 of the TAC SafeCar project, which 
concluded in March 2005, focusing specifically on the findings of the Phase 4 on-road 
trial.  
 

METHOD 

As part of the on-road trial, 15 Ford sedans and wagons, sub-leased by 9 government and 
private companies in Melbourne, Australia were each fitted with the following ITS 
technologies: ISA; FDW; a SBR; and RCW. These systems were designed to automatically 
issue warnings to the driver only if they violated certain road rules or was in danger of 
colliding with an object or vehicle when reversing. The SafeCar systems would issue 
warnings if the vehicle was driven 2 km/h or more above the posted speed limit (ISA), if 
the time headway between the SafeCar and another vehicle in front (i.e., the time gap in 
seconds between the two vehicles) was less than 2 seconds (FDW), if any vehicle occupant 
was unbelted (SBR) and if, while reversing, the vehicle closely approached an object or 
person behind it (RCW). Each vehicle was also fitted with Daytime Running Lights 
(DRLs).  



xviii MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

Each of 23 drivers drove one of the SafeCar vehicles over a distance of 16,500 kilometres. 
Of these participants, 8 (7 males and 1 female) were assigned to the control group and 15 
(14 males and 1 female) to the treatment group. Drivers were aged between 29 and 59 
years, with a mean age of 43.4 years. Only drivers who drove approximately 40,000 
kilometres per year were recruited for the trial in order to control for and minimise the 
amount of time drivers were exposed to the SafeCar systems. Drivers were volunteers from 
the participating government and private corporations that agreed to sub-lease one or more 
SafeCars.   

For the purposes of the study, the five ITS technologies in the experimental vehicles were 
divided into two groups: “key” systems and “background” systems. The key systems were 
the SafeCar ITS technologies that were of primary interest in the study: ISA and FDW. 
The background systems were DRLs, SBR, and RCW. All participants, regardless of 
whether they were in the treatment or control group, were exposed to the background 
systems. However, only the treatment participants were exposed to the key systems. 

For treatment participants, the study was divided into “Before”, “During” and “After” 
periods in order to assess the effects of the systems on driving performance before, during 
and after exposure to them. The Before period was further divided into Before 1 and 
Before 2 periods, each lasting for 1,500 kilometres. No ITS technologies, with the 
exception of the DRL, were active during the Before 1 period. In the Before 2 period, the 
RCW and SBR systems were enabled and these background systems remained active for 
the remainder of the trial. In the three During periods, treatment drivers were exposed to 
the key systems. Each During period was 3,000 kilometres in length and, in these periods, 
drivers experienced ISA by itself, FDW by itself, and ISA in combination with FDW. The 
order in which drivers were exposed to the key systems in the During periods was 
counterbalanced across participants. Each During period was followed by a 1,500 
kilometre After period, in which the key system or system combination that was enabled in 
the preceding During period was no longer active. Only the background systems remained 
operational in the After periods.  

The trial for the control participants was divided into two periods: the Control 1 and 
Control 2 periods. The Control 1 period was equivalent to the Before 1 period experienced 
by the treatment participants. During the Control 2 period, the SBR and RCW systems 
were engaged and this period lasted for the remainder of the trial (15,000 kilometres). 
Several of the control participants also experienced an After Trial period, in which all 
SafeCar systems were turned off.  

A Data Logging System, equipped to each vehicle, was activated in the Before 1 period 
and automatically recorded, up to 5 times per second, multiple objective driving-related 
parameters (e.g., speed and time headway) – before, during and after exposure to the 
SafeCar systems. In addition, subjective data on the acceptability of the SafeCar 
technologies was derived from several sources: responses to a series of questionnaires 
administered to drivers before, during and after the study; a telephone hotline; and an exit 
interview with participating drivers. Subjective data on the effects of the systems on 
workload, driver attitudes and other factors were also collected. No objective data were 
collected from the RCW system; however, subjective data for this system were collected. 

This report presents the key findings that emerged from Phase 4 of the SafeCar on-road 
study. These findings derive from analysis of the logged driving data and from analysis of 
the subjective data. The key findings from the logged driving data and subjective data are 
summarized below. 
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SYSTEM EFFECTIVENESS 

Intelligent Speed Adaptation 

When vehicle speed reached 2 km/h or more above the posted speed limit, the ISA system 
issued a brief auditory warning, accompanied by a flashing visual warning. Drivers who 
ignored these Stage 1 warnings for 2 seconds felt upward pressure on the accelerator pedal 
until speed was reduced to less than 2 km/h above the posted speed limit.  

The findings below derive from data collected in 50, 60, 70, 80 and 100 km/h speed zones, 
under free-flow driving conditions (i.e., where the SafeCar was travelling 3 seconds or 
more behind the vehicle in front).  

Mean Speed 

• Significant baseline differences in mean speeds were found between treatment and 
control drivers, where the control drivers drove at higher speeds than the treatment 
drivers in the baseline (Before and After) periods. These differences were found for the 
60 and 70 km/h zones only and were controlled for in further analysis. 

• Drivers drove significantly faster in the Before 2 period, when the SBR and RCW 
systems were first activated, compared to the Before 1 period, but this was found for 50 
km/h zones only. 

• Both ISA alone and ISA and FDW combined were effective in reducing mean speed, 
with the combined systems leading to the greatest speed reductions. The reductions for 
ISA alone (up to 1.4 km/h) were significant in the 60 and 100 km/h speed zones. The 
reductions for the combined system (up to 1.5 km/h) were significant in all but 100 
km/h speed zones, and greatest in 60 and 80 km/h speed zones. When the ISA system 
was disengaged in the After period, however, mean speeds increased significantly 
again in most speed zones, suggesting that the effect of the ISA system did not persist 
when the system was switched off. 

• The effect of ISA in reducing mean speed was similar in magnitude for treatment 
drivers aged 45 years and over and for those aged less than 45 years. Also, the 
effectiveness of ISA did not differ significantly across drivers who had different 
driving styles or who held different attitudes towards ITS, safe driving behaviours and 
a willingness to keep ISA. 

• There was no evidence that the effectiveness of ISA in reducing mean speed – alone or 
in combination with FDW - varied between night and day driving.  

• ISA, by itself or in combination with FDW, did not significantly increase mean trip 
time. Thus, the observed benefits of ISA do not appear to result in any loss in mobility 
for drivers. 

• The FDW system alone had little or no effect in reducing mean speed.  

• Finally, comparable reductions in mean speeds across the control drivers’ trial were not 
found suggesting that the reductions in speed for the treatment drivers were due to the 
effect of the ITS systems and not to other uncontrolled variables. 
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85th Percentile & Maximum Speed  

• Both ISA alone and ISA and FDW combined were effective in reducing the treatment 
drivers’ 85th percentile of speed, with the combined systems leading to the greatest 
reductions. When ISA alone was active, the 85th percentile speed reduced significantly 
(by up to 2.7 km/h) in 50, 60, 70 and 100km/h zones. When the ISA and FDW systems 
combined were active, the 85th percentile of speed reduced significantly (by up to 3.0 
km/h) in 50, 60 and 70 km/h zones.  However, when the ISA system was disengaged in 
the After period, the 85th percentile of speed increased significantly again in most 
speed zones. 

• Both ISA alone and ISA and FDW combined were also effective in reducing the 
maximum speed reached per trip. The reductions for ISA alone (up to 2.6 km/h) were 
significant in the 50, 70, 80 and 100 km/h speed zones. When the ISA and FDW 
systems combined were active the maximum speed per trip reduced significantly (by 
up to 2.5 km/h) in 60 and 70 km/h speed zones. When the ISA system was disengaged 
in the After period, however, maximum speeds increased significantly again in most 
speed zones. 

• The FDW system alone did not significantly influence 85th percentile speed or the 
maximum speed reached per trip, suggesting that the use of this system alone has little 
effect on top speeds. 

Median Speed 

• The ISA system, alone and when combined with FDW, was effective in reducing 
median speeds. Median speed reduced significantly (by up to 1.1 km/h) when ISA 
alone was active in the 60 and 80 km/h speed zones. When the ISA and FDW systems 
combined were active median speed reduced significantly (by 1.1 km/h) in 60 km/h 
speed zones only. Median speeds increased significantly again in most speed zones 
when the ISA system was disengaged. 

Speed Variability 

• No significant differences in the standard deviation of speed (a measure related to 
speed variability) were found between treatment and control drivers in the baseline 
(Before and After) periods. 

• Both ISA alone, and ISA and FDW combined, were effective in reducing speed 
standard deviation in all speed zones. The ISA system alone was effective in reducing 
speed standard deviation, by up to 1.1 km/h, in all five speed zones examined and the 
combined systems were effective in reducing the standard deviation of speed, by up to 
1.1 km/h, in all but the 100 km/h zones.  

Percentage of Time Spent at and above the Speed Limit (Unconstrained Speed) 

• ISA alone and ISA combined with FDW were very effective in reducing the proportion 
of time treatment drivers spent, relative to the control drivers, travelling above the 
speed limit in all speed zones under free-flow conditions (i.e., when the time headway 
between the SafeCar and a vehicle in front was 3 seconds or more). 

• When ISA alone was active, the average reductions across speed zones in the 
percentage of time spent travelling 2, 5 and 10 km/h or more over the speed limit were 
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47, 57 and 57 percent, respectively. For the combined ISA and FDW system, the 
comparable reductions were 51, 64, and 65 percent, respectively. 

• The use of the FDW system alone did not significantly affect the amount of time 
drivers spent travelling above the speed limit. 

Percentage of Time Spent at and above the Speed Limit (Constrained Speed) 

• Both ISA alone, and ISA and FDW combined, were also effective in reducing the 
amount of time spent at 2, 5 and 10 km/h or more above the speed limit when the 
ability to speed was constrained (i.e., when the time headway between the SafeCar and 
a vehicle in front was 3 seconds or less) compared to when it was unconstrained. 
However, ISA alone did not affect the amount of time spent 10 km/h or more above the 
speed limit in any speed zone under constrained conditions. 

• When ISA alone was active, the average reductions across speed zones in the 
percentage of time spent travelling 2 and 5 km/h or more over the speed limit were 50, 
and 62 percent, respectively. For the combined ISA and FDW system, the comparable 
reductions across speed zones in the percentage of time spent travelling 2, 5 and 10 
km/h or more over the speed limit were 51, 59 and 51 percent, respectively.  

• The combined ISA and FDW system yielded greater reductions in the amount of time 
spent travelling above the speed limit across speed zones and for different over-speed 
thresholds than the ISA system alone.   

Risky Driving Episodes  

Risky driving episodes were defined as any segment of driving where a driver exceeded 
the posted speed limit by 5 km/h or more while following the vehicle ahead at a time 
headway of 1.1 seconds or less.  
 
• Neither ISA alone nor the combined ISA and FDW system were effective in 

significantly reducing the number or duration of risky driving episodes engaged in by 
treatment drivers.   

• The FDW system alone, however, significantly reduced the number of risky driving 
episodes engaged in by the treatment drivers in 50 km/h zones. 

A discussion of the ISA results is contained in the Discussion and Conclusions section of 
the Executive Summary (see page xxxvi). 

Following Distance Warning  

When the time headway between the SafeCar and a vehicle in front was between 1.6 and 
0.8 seconds (regardless of travel speed), the FDW system issued visual warnings, which 
also flashed when time headway was 1.0 seconds or less. When time headway was 
approximately 0.8 seconds or less, the flashing visual warnings were accompanied by a 
repetitive auditory warning.1 

                                                 
1 The time headway thresholds at which warnings were issued changed from the original specifications due to 
a technical problem with the FDW system. 
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The findings that follow derive from data collected in 50, 60, 80 and 100 km/h speed 
zones, when the SafeCar was travelling above 30km/h and at a time headway of 3 seconds 
or less from the vehicle in front.  

Mean Time Headway – Baseline Comparisons   

• There were no significant baseline differences in mean time headway between 
treatment and control drivers, in any of the four speed zones examined. Averaging 
across the two groups and across the baseline periods, the mean time headways in 50, 
60, 80 and 100 km speed zones were 1.7, 1.7, 1.6 and 1.6 seconds, respectively. There 
was also no evidence that time headways changed in the Before 2 period in response to 
the activation of the SBR and RCW systems. 

Mean Time Headway  

Mean time headway was compared for the treatment and control drivers across the Before, 
During and After driving periods, for FDW alone and for the combined FDW and ISA 
system.  

• Both FDW alone and FDW and ISA combined were effective in increasing mean time 
headway, with both systems yielding comparable increases. These increases occurred 
in all speed zones, but were significant only in 60, 80 and 100km/h speed zones. For 
FDW alone, the increases occurred in 80 and 100 km/h speed zones (increases of 0.10, 
and 0.11 seconds, respectively), while for the combined FDW and ISA system the 
greatest increases occurred in 60, 80 and 100km/h speed zones (increases of 0.09, 0.07 
and 0.13 seconds, respectively). 

• Regardless of whether treatment drivers were aged 45 years and older or less than 45 
years, the FDW alone and combined FDW and ISA systems were equally effective in 
increasing mean time headway. This was the case in all speed zones examined. Also, 
the effectiveness of FDW did not differ across drivers who reported different driving 
styles or drivers who held different attitudes to ITS, safe driving behaviours or a 
willingness to keep FDW. 

• There was no evidence that the effectiveness of FDW (alone or in combination with 
ISA) in increasing mean time headway varied between night and day driving.  

Percentage of Driving Time in Three Time Headway Categories  

The percentage of time the treatment drivers spent in each of three time headway 
categories (0 seconds to approximately2 0.8 seconds, 0.8 to 1.6 seconds and 1.6 to 2.5 
seconds) was examined immediately before, during and after exposure to FDW alone, and 
to FDW and ISA combined. 

                                                 
2 The time headway thresholds at which warnings were issued changed from the original specifications due a 
technical problem with the FDW system. Consequently, the thresholds at which warnings were issued varied 
slightly across speed zones.  
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• When FDW was active, on its own or jointly with ISA, treatment drivers tended to 
spend a smaller percentage of their driving time (a reduction of as much as 69 percent - 
from 6.1 percent to 1.2 percent) in the first headway category (0 seconds to 
approximately 0.8 seconds) compared to the Before period. However, this effect was 
not significant in any of the speed zones examined due to large variability in the data. 
Although not statistically significant, the effects of the system on time headway are 
quite large in descriptive terms and, if reliable, could have a large impact on crashes.  

Standard Deviation of Time Headway  

• There was a small but statistically significant reduction of 0.03 seconds (5.5 percent) in 
the standard deviation of time headway in 50 km/h speed zones when the FDW system 
on its own, or when combined with ISA, was activated. While this reduction was 
statistically significant, it is questionable whether a 0.03 second reduction in time 
headway variability would be ‘clinically significant’ in terms of reducing the incidence 
and severity of crashes. No significant differences in the standard deviation of time 
headway were found for the other speed zones examined. 

Average Minimum Time Headway Reached per Trip 

• Although there was a trend for the minimum time headway reached per trip to increase 
in all speed zones when the FDW (alone or combined with ISA) was active, these 
reductions were not significant in any speed zone.  

A discussion of the FDW results is contained in the Discussion and Conclusions section of 
the Executive Summary (see page xxxvi). 

Seatbelt Reminder System 

When the ignition was turned on, the SBR issued a continuous flashing visual warning 
(Stage 1) to the driver if any vehicle occupant was unbelted. At speeds greater than 10 
km/h, the system also issued a continuous auditory warning (Stage 2) if any occupant was 
unbelted, which increased in intensity as speed increased.  

The findings below derive from data collected in all speed zones, when the SafeCar was 
travelling at speeds of 10 km/h and more. It was not possible, due to a technical limitation 
of the SBR system, to determine whether the changes in seat belt wearing behaviour 
summarised below pertain to the SafeCar drivers or to their passengers.   

Percentage of Trips Undertaken While Unbuckled 

• Prior to interacting with the SBR system, SafeCar occupants were unbuckled during 
any part of a trip on 32 percent of trips they undertook. In the Before 2 period, when 
the SBR system first became active, this percentage reduced to 16 percent. This 
represented a 48 percent reduction, which was significant.  

• The above reduction was maintained for the remainder of the trial, although there was a 
trend for the percentage of unbuckled trips to increase slightly again over the duration 
of the trial. 
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Percentage of Total Driving Distance Spent Unbuckled 

• Before the SBR system was active, about 5 percent of the distance travelled by the 
SafeCars was undertaken with an occupant unbelted. After activation of the system, 
this figure decreased significantly to 0.18 percent, a reduction of 96 percent. 

• The above reduction was maintained for the remainder of the trial, although there was a 
trend for the percentage of driving distance spent unbuckled to increase slightly again 
over the duration of the trial, to about 0.31 percent by the end of the trial. This 
percentage was still significantly lower than at the beginning of the trial, corresponding 
to the period before the SBR system was activated.  

• Of interest was whether driver age (45 years and younger versus over 45 years) had 
any effect on the percentage of total driving time spent unrestrained. No significant 
differences were found in the percentage of time spent unbuckled in the different trial 
periods between drivers in these two age groups. Also, the percentage of total driving 
time spent unbuckled did not differ across drivers who reported having different 
driving styles or who held different attitudes to ITS, safe driving behaviours and a 
willingness to keep the SBR system. To the extent that the SBR data relates mainly to 
the drivers, it can be concluded that these factors had little or no bearing on the total 
percentage of driving time spent unbuckled. 

Mean Time Taken to Buckle from the Start of the Stage 1 SBR Warning 

• Prior to activation of the warnings, it took unbelted occupants 30 seconds, on average, 
to buckle up. This reduced significantly to an average of 7 seconds in the Before 2 
period when the SBR system was activated, which equated to a 77 percent reduction.  

• The above reduction was maintained for the remainder of the trial and the time taken to 
buckle up was significantly lower at the end of the trial (After 3) than at the beginning 
(Before 2).  

Average Speeds and Peak Speeds Reached Before Buckling Up 

• Prior to activation of the SBR system, the peak speed reached before all vehicle 
occupants buckled up was 33.5 km/h. This reduced to 26.9 km/h in the Before 2 period, 
when the system was first activated. This 20 percent reduction in peak speed was 
significant.  

• The above reduction was maintained for the remainder of the trial, although there was a 
trend for the peak speed before buckling up to increase slightly again over the duration 
of the trial. By the end of the trial, the average peak speed with an unbelted occupant 
was 27.2 km/h, which was still significantly lower than the peak speed unbelted at the 
beginning of the trial. 

• The peak speed reached before buckling up was also examined before, during and after 
the ISA alone and the ISA and FDW systems combined were active in order to 
establish if the presence of the ISA system, or combined ISA and FDW system, further 
influenced (over and above that of the SBR system) drivers’ peak speed before 
buckling up. This analysis was conducted for the treatment drivers only. The presence 
of the ISA warnings, with or without FDW, did not further influence the peak speeds 
SafeCar vehicles reached before all occupants buckled up.  

• The average speed of the vehicle when any occupant was unbuckled was also 
examined across the trial. Prior to activation of the SBR system, the average speed of 
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the vehicle when one or more occupants were unbuckled was 2.6 km/h during the 
Stage 1 (1 to 10km/h) warning period and 39.3 km/h in the Stage 2 warning (greater 
than 10km/h) period. These figures reduced to 2.2 and 24.3 km/h, respectively, in the 
Before 2 period, when the SBR system was activated. These respective 15 and 38 
percent reductions in average speed while unbuckled were significant and remained 
constant over the rest of the trial.  

Time Spent Unbuckled when Travelling at Dangerous Speeds 

The proportion of time spent driving at dangerous speeds while a SafeCar occupant was 
unbuckled (defined as 40 km/h and over) was examined across the trial periods.  

• Prior to activation of the SBR system, the percentage of driving time spent unbuckled 
while travelling at dangerous speeds was 6.7 percent. This reduced to 0.05 percent in 
the Before 2 period, when the system was first activated. This represented a 99.9 
percent reduction in the percentage of time unbuckled, which was significant. This 
reduction was maintained for the remainder of the trial.  

Relative Effectiveness of the Stage 1 and 2 SBR Warnings 

The percentage of times occupants buckled up in response to the Stage 1 and Stage 2 SBR 
warnings was examined for each trip across the driving periods to determine if the 
presence of the SBR system increased the proportion of times occupants buckled up in 
response to the warnings and to examine if drivers mostly buckled up in response to the 
Stage 1 warnings or waited for the Stage 2 auditory warning before buckling up. 

• Occupants responded to the Stage 1 warnings by buckling up on approximately 70 
percent of occasions and responded to the Stage 2 warnings on approximately 22 
percent of occasions, suggesting that, on the majority of occasions, occupants buckled 
up in response to the Stage 1 visual warnings and did not wait until they received the 
auditory warning before buckling up. 

A discussion of the SBR results is contained in the Discussion and Conclusions section of 
the Executive Summary (see page xxxvi). 

Fuel Consumption and Emission Volumes 

The fuel consumption of the SafeCars was examined across each trial period to evaluate 
whether and how the use of the ITS systems, particularly the ISA and FDW systems, 
affected fuel consumption. Fuel consumption was defined as the number of litres of fuel 
used per 100 kilometres travelled. The Positive Kinetic Energy (PKE) model for the 
estimation of fuel consumption and vehicle greenhouse emissions was used to calculate 
fuel consumption and vehicle emissions. 
 
For the ISA and FDW alone driving periods no significant differences in fuel consumption 
were found. However, for the ISA and FDW combined driving periods, fuel consumption 
decreased significantly for treatment drivers when ISA and FDW were active and in 80 
km/h zones only. 

Carbon Dioxide emissions also decreased significantly for the treatment drivers, but only 
when both ISA and FDW were active and in 80 km/h zones only. A significant reduction 
in Nitrogen Oxide and Hydrocarbonates emissions were found in 80 km/h zones only when 
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the ISA system alone was active. Finally, significant reductions in Nitrogen Oxide and 
Hydrocarbonates emissions were found in 60 km/h (Nitrogen Oxide only) and 80 km/h 
zones when both the ISA and FDW systems combined were active. 

Crash Reduction Estimates 

Based on the results obtained from the logged driving data, the safety effects of the ISA, 
FDW and SBR systems in reducing the incidence and severity of road crashes were 
estimated.  

For the ISA system, the Power Model developed by Nilsson (2004) was employed to 
estimate the reductions expected in injury and fatal crashes based on the decreases in mean 
speed observed when the ISA system was active. Based on the driving data, the ISA 
system is expected to have the greatest effect in reducing crashes in 60 km/h zones and it is 
most effective when combined with the FDW system. For the ISA system alone, the crash 
reduction estimates range from 2.8 percent (100 km/h zones) to 5.8 percent (60 km/h 
zones) in injury crashes and from 3.8 percent (100 km/h zones) to 7.6 percent (60 km/h 
zones) for fatal crashes. For the ISA and FDW systems combined, the crash reduction 
estimates range from 3.6 percent (100 km/h zones) to 7.1 percent (60km/h zones) in injury 
crashes and from 4.8 percent (100 km/h zones) to 9.4 percent (60 km/h zones) for fatal 
crashes.  

It is important to note that the Nilsson model used considers only changes in mean speeds 
when estimating the expected crash reduction benefits. Given that ISA was found to have a 
greater effect on reducing peak speeds (e.g., maximum and 85th percentile speeds) than on 
mean speeds, it is likely that a model, which takes account of the significant truncation by 
ISA of peak speeds, is likely to yield greater crash and trauma reduction benefits for the 
ISA system. In addition, the drivers in the current study were conservative, with their mean 
speeds before the ISA system was active being well below the speed limit. It is possible 
that, for a less conservative group of drivers, the impact of the ISA system on mean speeds 
may have been more pronounced and thus the crash reduction estimates deriving from use 
of this system may have been greater.  

For the FDW system, the expected reductions in those driving instances during which a 
collision with the lead vehicle would occur if the lead vehicle suddenly braked (termed 
rear-end collision mode) were modelled based on the observed increases in time headway 
when the FDW system was active. Three deceleration values of the lead vehicle were used 
in the model: 0.25g (soft braking), 0.35g (moderate braking) and 0.5g (hard braking). It is 
expected that the percentage of driving distance spent in rear-end collision mode will 
reduce by up to 34 percent with use of the FDW system alone, under conditions where the 
lead vehicle is braking at a moderate rate (0.35g). 

Estimates of the cost savings expected from the use of the SafeCar SBR system were 
calculated by first determining the cost of unrestrained occupants in Australia and, second, 
the cost savings associated with seat belt use. Cost savings associated with seatbelt wearing 
were calculated by using HARM, which quantifies injury costs from road trauma. It was 
estimated that at 57 percent effectiveness, use of the SBR system would save the 
Australian community approximately $335 million per annum in injury costs. 
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DRIVER ACCEPTANCE 

A number of questionnaires were administered to participants throughout the study that 
were designed to collect subjective data relating to the acceptability of the systems 
implemented in the SafeCars, the level of workload participants experienced while 
interacting with the systems, and attitudinal and other factors of interest. 

Reported Baseline Behaviour 
Prior to exposure to the SafeCar systems, treatment and control drivers were asked 
questions regarding their usual driving behaviours. 

Speeding Behaviour 

• A large number of participants reported that they sometimes or often exceeded the 
speed limit by 3km/h or more. In most cases, excessive speeding was claimed to be the 
result of inadvertent speeding. 

Following Distance Behaviour 

• Approximately half of the participants said they never or rarely followed at a distance 
of less than 2 seconds from the car in front.  

• The other half reported sometimes, often or always following at a distance of less than 
2 seconds from the car in front. 

• At least a third of the participants reported inadvertently following too close to the 
vehicle in front. 

• At least 10 percent of participants reported intentionally following vehicles too closely.  

Seatbelt Wearing Behaviour 

• Almost all of the participants reported always wearing seatbelts.  

• Those who did not always wear seatbelts chose not to wear seatbelts only while 
reversing.  

• A number of participants reported that they did not always check to see if their 
passengers were wearing seatbelts.  

Acceptability of the SafeCar Systems 

Drivers were asked questions regarding the acceptability of the system at various points 
throughout the study. Acceptability was defined as comprising five key dimensions: 
Usefulness, Effectiveness, Social Acceptability, Affordability and Usability. Interest in 
keeping the systems after the trial was also examined under the acceptability of the 
systems. Overall, there were few changes over time in the acceptability of the systems. 
Where temporal changes occurred these are noted. 

Usefulness 

To be useful, participants must perceive the system to serve a purpose. 
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General usefulness of the systems: 

• Participants felt that the ISA, FDW, SBR and RCW systems would be more of use than 
not of use, both prior to, and after, experience with these systems.  

• At the beginning of the study, the relative ranking of the four systems in terms of the 
extent to which participants felt the systems would be of use was, from most to least: 
ISA, RCW, SBR (for passengers), FDW and SBR (for drivers).  

• At the end of the study, the relative rankings in terms of usefulness, from most to least, 
were as follows: SBR (for passengers), RCW, SBR (for drivers), ISA and FDW.  

 

Usefulness in particular speed zones and traffic situations: 

ISA 

• ISA was believed to be of use in 60km/h, 80km/h and 100km/h zones, on freeways, 
rural roads and when there is very little other traffic around.  

• One notable exception was 50km/h zones, where participants did not feel that the ISA 
system was necessary.  

FDW 

• The FDW system was rated as useful in various speed zones and traffic situations, for 
example, in 50km/h zones, rural roads, freeways and for alerting tired drivers.  

• After experience with using the FDW system, just over a third of the participants in the 
treatment group disagreed that the FDW system would be helpful on freeways, whereas 
none of these participants disagreed with this statement prior to using the system (this 
difference was not statistically significant). 

SBR 

• The SBR was rated as useful, particularly for drivers who forget to put on their 
seatbelt, for drivers who do not wear seatbelts when travelling short distances, and for 
encouraging passengers to wear seatbelts. 

• Participants recognised the need for the SBR system in various traffic situations, 
including when there was not much other traffic on the road.  

• Participants were less likely to rate the SBR system as useful when reversing.  

 

Effectiveness 

To be effective, participants must believe the system does what it is designed to do. 

• The ISA, FDW and RCW systems were rated as effective in reducing the incidence and 
severity of crashes.  

• After experience with the system, the majority of participants in the treatment group 
still perceived the ISA system to be effective in reducing crash incidence and severity, 
but there was a higher proportion that thought it would be less effective compared to 
when asked at the beginning of the study.   
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• The ISA and FDW systems were rated as effective in reducing the probability of being 
fined.  

• At the beginning of the study, most participants felt that the ISA system would be 
effective in decreasing fuel consumption; however by the end of the project almost half 
believed there would be no effect.  

• Most participants felt that the ISA system would not change travel times.  

• Participants in the treatment group did not believe that they would rely too strongly on 
ISA to inform them that they were exceeding the speed limit at the expense of their 
own judgement. 

• Most participants believed they would not wait for warnings from the FDW system 
before they would back away from the car in front, if they judged that it was necessary.  

• Participants felt strongly that they would not rely on the SBR system to remind them to 
wear a seat belt.  

• Most participants felt that they would not rely on the RCW system instead of looking 
out for themselves when reversing.  

• Participants disagreed that receiving warnings from the systems could distract them 
while driving and potentially compromise their safety. 

• Participants agreed that they would lose trust if the systems were unreliable in terms of 
issuing false warnings or failing to issue warnings when the systems should.  

 

Effectiveness in particular speed zones and traffic situations: 

ISA 

• Over 80 percent of participants regarded the ISA system as effective in reducing speed 
in 50km/h, 60km/h, 80km/h and 100km/h zones, and in residential areas.  

• The majority of participants also regarded the ISA system as effective for reducing 
speed on freeways, rural roads, in situations where there is little traffic and when road 
conditions are poor.  

FDW 

• Prior to using the system, approximately half of the participants felt the FDW system 
would be effective in increasing following distance in 50, 60, 80 and 100 km/h zones.  

• At the end of the study, there was an increase in the perceived effectiveness of the 
FDW in these situations.  

• There was also a perceived increase in effectiveness of the FDW in situations where 
there is little traffic, in heavy traffic, and where it is difficult to see the road ahead. 

SBR 

• The SBR system was rated as effective in increasing seat belt wearing for short trips, 
when traffic levels are low, regardless of travel speed.  

• Approximately half of the participants thought the SBR system was effective in 
increasing seatbelt wearing when reversing.  
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Effectiveness of the systems for particular types of drivers: 

• Participants were consistent in their belief that the ISA, FDW and SBR systems would 
be effective for drivers who inadvertently practice unsafe driving behaviours.  

• They were also consistent in their belief that these systems would be less effective for 
drivers who intentionally speed, intentionally drive too close to the car in front, or 
choose not to wear a seat belt.  

• In particular, there was a reduction over time in the number of participants who 
believed the SBR system would be effective in increasing seat belt wearing in drivers 
who intentionally do not wear their seatbelts. 

 

Social Acceptability 

Social acceptability concerns the broader social issues that participants may consider when 
assessing the acceptability of ITS, such as the acceptable level of control of the systems, 
and the impact of the systems on privacy. 

• Participants felt that the systems as implemented in the TAC SafeCars did not take too 
much control away from the driver.  

• They were consistent in their preference for not having a system with more control. 

• For the ISA, SBR and RCW systems, participants generally did not wish to be able to 
turn the system on or off as required.  

• After being exposed to the FDW system, a larger number of participants in the 
treatment group agreed that they wanted to be able to turn the system on or off, 
although this difference over time was not statistically significant.  

 

Affordability 

Affordability relates to how much participants are willing to pay to purchase, install and 
maintain a given system. 

ISA 

• The median value that participants were willing to pay for purchase of the ISA for a 
new car was $200. For an existing car, the median purchase amount was $110, with an 
additional $50 for installation.  

• Participants were not willing to pay anything for yearly maintenance/service. 

FDW 

• The median amount that participants were willing to pay for purchase of the FDW for 
either a new or existing car was $100.  

• For installation of the system into an existing car, participants were willing to pay a 
median amount of $25.  

• Participants were not willing to pay anything for yearly maintenance/service. 
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SBR 

• The median amount that participants were willing to pay for purchase of the SBR for 
either a new or existing car was $100. 

• For installation of the system into an existing car, participants were willing to pay a 
median amount of $22.50. 

• Participants were not willing to pay anything for yearly maintenance/service. 

RCW 

• There was a consistent but non-significant trend for participants in the control group to 
be willing to pay more for purchase of the RCW system for an existing car (between 
$200 and $275 over time) compared to the treatment group (between $50 to $150 over 
time).  

• The above trend was also present for the amount participants were willing to pay for 
purchase of the system to retrofit to an existing car, which was $225 for the control 
group and $100 for the treatment group.  

• The median amount participants were willing to pay for installation into an existing car 
was $45. 

• Participants were not willing to pay anything for yearly maintenance/service.  

Usability 

To be usable, participants must find the system easy to learn how to use, easy to remember 
how to use, easy and efficient to use, and satisfying to use. 

• Participants had little difficulty judging what the warnings from each of the systems 
meant.  

• Participants found the visual and auditory warnings effective and satisfactory. The one 
exception was the yellow bars of the FDW visual ladder, which were not considered to 
be easy to use or effective. 

• The main usability difficulties that participants reported related to the position of the 
ITS display screen to the left of the driver. Participants felt that the screen’s position 
led to difficulty in actually seeing the warnings. A number of participants reported that 
they would have preferred it if the display was located directly in front of them. There 
were also some concerns raised about the amount of glare and reflection that came 
from the screen.  

• Some suggestions were made for improving the auditory tones, such as using speech 
warnings and having an adjustable volume for each individual warning, rather than an 
overall volume control.   

 

Interest in keeping the systems 

• Most participants expressed interest in keeping the ISA, SBR and RCW, both prior to 
and after experience with these systems.  

• While the level of interest in keeping the FDW was high prior to use, the level of 
interest dropped over time for those participants who experienced the system.  
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• At the beginning of the study, a relative ranking of the systems in terms of how 
interested participants were in keeping the systems placed the systems in the following 
order (from most interest to least interest): SBR, ISA, RCW and FDW.  

• At the end of the study, the RCW had moved up to top spot in the relative rankings, 
which had changed to: RCW, SBR, ISA and FDW. 

Reasons for interest: 

• Participants expressed interest in keeping the ISA because it was useful to them when 
they were inadvertently speeding, to avoid speeding fines, and to save fuel.  

• The participants who expressed interest in keeping the FDW did so because they 
believed it would enhance safety and remind drivers to keep at a reasonable following 
distance. 

• Reasons for interest in keeping the SBR included the decreased risk of injury in a 
collision when occupants are restrained, as a valuable reminder, and to alert drivers 
when passengers were not wearing seat belts.  

• Participants were interested in keeping the RCW because of the increased awareness it 
provides and because it made reversing easier, particularly when rear visibility was 
poor.  

Reasons for disinterest: 

• For participants who expressed disinterest in keeping the systems, many of the reasons 
given related specifically to the actual systems implemented in the TAC SafeCar.  

• The issue of false warnings was emphasised for the ISA system, particularly in 
situations where the on-board database of speed limits was inaccurate. 

• The participants in the treatment group who did not want to keep the FDW system 
found it gave too many false readings and that the warnings could be distracting, 
particularly when other drivers cut in front of their vehicle.  

• For the SBR system, one participant suggested that the system would be better if the 
driver’s warning was activated by pressure on the seat as it was for the other seats.  

• One participant wanted to be able to adjust the distance at which the warning from the 
RCW system was activated. 

Workload 

Participants were asked to rate the level of workload they experienced in several driving 
situations prior to the SafeCar systems becoming active, and then while the systems were 
issuing warnings.  

• Participants did not report any difference in the workload experienced while receiving 
warnings from the ISA system, compared to when they were driving in the period prior 
to experiencing these warnings.  

• There was also no change in workload experienced while receiving FDW warnings, 
although it is of interest to note that participants did feel significantly more frustrated 
when FDW warnings were being issued.  

• Participants in the treatment group rated their workload as significantly lower with 
SBR warnings than without, however the control group did not report any difference.  
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• The RCW system was the most successful at reducing workload, with participants 
reporting significantly lower workload levels when reversing with the RCW system 
issuing warnings, compared to when they were reversing without the warnings.  

Attitudes and Other Factors 

• The participants in this study reported fairly conservative driving behaviours, both 
before, and after, experience with the SafeCar systems.  

• Participants reported never, or very seldom, engaging in risky behaviours, misjudging 
traffic situations, missing things due to inattention, or forgetting to do things. 

• While almost two-thirds of participants reported that one of the top three influencing 
factors on their choice of following distance was the chance of having a crash, only a 
quarter of participants listed this in the top three influencing factors for their choice of 
speed. 

Effect of the SafeCar Systems on Road Safety Awareness 

• The FDW and SBR systems had a positive effect on road safety awareness.  

• After using the SBR system, fewer of the participants thought it was legal not to wear a 
seatbelt when driving at less than 10 km/h.  

• After experience with the FDW system, the proportion of treatment group participants 
who were aware of the legally required minimum following distance almost doubled, 
from 55% to 100%. 

• The FDW system led to a change in attitude to driving behaviours; the treatment group 
drivers disagreed more strongly that it makes sense to tailgate if the driver in front is 
too slow after they had experienced the FDW warnings.  

• Experience with the FDW system led to a decrease in the perceived likelihood of being 
caught by the police for travelling too closely to the car in front. 

Attitudes to ITS 

• Participants agreed that they would like a car that warns them in the following 
situations: exceeding the speed limit; following too closely; seatbelt non-compliance; 
impending collisions; driver blood alcohol concentration (BAC) over the legal limit; 
driver fatigue; and lane drifting. 

• Participants reported not wanting a car that prevents them from exceeding the speed 
limit. 

• At the beginning of the study, participants agreed that they would like a car that 
stopped them from following the car in front too closely. However, they no longer 
wanted this technology at the end of the study. 

• At the beginning of the study, participants agreed they would like a car that could not 
be started if someone was not wearing a seatbelt. However, they no longer wanted this 
technology after experience with the SBR. 

• Participants agreed that they would like a car that prevented collisions and prevented 
drivers starting the car if their BAC was over 0.05, although the level of agreement 
decreased slightly over time. 
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A discussion of drivers’ acceptance of and attitudes to the SafeCar technologies is 
contained in the Discussion and Conclusions section below. 

 

DISCUSSION AND CONCLUSIONS 

The purpose of the Phase 4 on-road evaluation was to assess the technical operation of the 
SafeCar systems, evaluate driver acceptance of the technologies, and investigate the 
separate and combined effects of the technologies on driving performance and safety. 
Overall, the ISA, FDW and SBR systems had a positive effect on driving performance. 

System Effectiveness 

Positive effects of the ISA system were found in terms of reduced mean, maximum and 
85th percentile speeds, and reduced speed variability in most of the speed zones examined. 
The system also reduced the percentage of time drivers spent travelling above the speed 
limit, but did not significantly increase travel times. Interestingly, ISA was most effective 
in reducing speeds at the higher end of the distribution, such as maximum and 85th 
percentile speeds, rather than mean speeds. Although statistically significant, the 
reductions in mean speeds deriving from use of the ISA system tended to be in the order of 
1 to 2 km/h depending on the speed zone, which is lower than the 5 km/h reductions in 
mean speed found in previous ISA evaluations undertaken in Europe. There are a number 
of reasons why mean speed reductions in the current study were not as large as those found 
in overseas studies. First, it appears that the use of ISA in the current study truncated both 
ends of the speed distribution, such that higher speeds were greatly reduced and lower 
speeds were slightly increased (e.g., drivers spent less time driving at speeds well below 
the speed limit). This resulted in large reductions in excessive speeds, but only slight 
reductions in mean speed. This finding is supported by the speed variability data, which 
showed that speed was less variable when the ISA system was active.  It is important to 
note that, while the reductions in mean speed were not as large as expected, the significant 
reductions in excessive speeds are likely to confer greater safety benefits than the observed 
reductions in mean speed. 

Another explanation why the mean speed reductions found in the current study were lower 
than those found in other studies is that during the trial a speed enforcement campaign was 
implemented in Victoria which led to population-wide reductions in mean speeds. It is 
possible that these overall reductions in speed, combined with a relatively conservative 
participant group, attenuated the full potential effects of the ISA system. While the effects 
of these population-wide decreases in speeds and driver conservatism were controlled for 
through use of a Control group, it is likely that these factors resulted in the ISA system 
having less opportunity to influence driver speed because drivers were exceeding the speed 
limit less. As expected, the ISA system appeared to be most effective in reducing speeding 
when combined with the FDW system. One reason that the combined systems had a 
greater effect on speed may be because the expected driver response to the FDW warnings 
is to slow down temporarily to increase the distance from the vehicle ahead, which would 
have further decreased mean speeds. Another explanation of why both systems combined 
had a greater effect on speed may simply be that receiving warnings from more than one 
system in a driving period, provided drivers with an extra incentive to drive in a safer 
manner.  

Use of the FDW system significantly increased mean time headway and reduced time 
headway variability. In addition, although not statistically significant, there was a strong 
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trend for the percentage of time spent at time headways at or below the Level 6 (auditory) 
warning threshold (approximately 0.8 seconds) to decrease when the FDW system was 
active. Indeed, drivers spent up to 69 percent less time at headways at or below 
approximately 0.8 seconds when the FDW system was active which, although not 
statistically significant, may have large safety benefits. In contrast to the speed data, the 
FDW system, when combined with ISA, was no more effective in increasing following 
distance than when active alone. 

A consistent finding was that the positive effects on speeding and following behaviour 
induced by the ISA and FDW systems did not persist when the systems were deactivated in 
the After periods. Indeed, driving performance after system activation was similar to 
performance prior to system activation. In addition, there was little or no change in driving 
behaviour within the During periods. These findings imply that the drivers adapted to the 
systems quickly when the systems were activated and changed their behaviour little while 
the systems were active. However, the drivers rapidly reverted to their old driving habits 
when the systems were switched off.  

The current study is the first to examine long-term adaptation to a SBR system. The 
findings revealed that driver interaction with the SBR system led to large decreases in the 
percentage of trips driven where an occupant was unbelted for any part of the trip, in the 
percentage of total driving time spent unbelted, and in the time taken to fasten a seat belt in 
response to the SBR warnings. These findings occurred even though the initial seatbelt 
wearing compliance rates, at least for drivers, were reportedly high, suggesting that the 
SBR system can be effective in further improving seatbelt compliance among occupants 
who already have high wearing rates. One of the main limitations of the seatbelt data, 
however, is that it cannot be determined if the seatbelt data deriving from use of the SBR 
relates to drivers or passenger(s), which makes interpretation of the data difficult. 

Over the course of the trial, there was very little evidence of negative behavioural 
adaptation to the systems. That is, drivers did not appear to engage in increased risk taking 
in response to the SafeCar systems. There were two minor exceptions. First, as already 
noted, some drivers tended to spend less time driving at speeds well below the speed limit, 
presumably as a result of driving to the ISA warnings; that is, increasing speed until 
warnings were issued. There was also some evidence that drivers drove slightly faster in 
the Before 2 period, when the SBR and RCW systems were first activated, compared to the 
Before 1 period, but this was found for 50 km/h zones only. 

Finally, a significant reduction in fuel consumption was found, but only in 80km/h zones 
and only when the ISA and FDW systems combined were active. Carbon Dioxide 
emissions also decreased significantly, but only when both ISA and FDW were active and 
in 80 km/h zones only. A significant reduction in Nitrogen Oxide and Hydrocarbonates 
emissions were found in 80 km/h zones only when the ISA system alone was active. 
Finally, significant reductions in Nitrogen Oxide and Hydrocarbonates emissions were 
found in 60 km/h (Nitrogen Oxide only) and 80 km/h zones when both the ISA and FDW 
systems combined were active. 

Driver Acceptance 

The ISA, FDW, SBR and RCW systems were generally rated as being useful, effective and 
socially acceptable. This was the case both prior to, and after, experience with the systems. 
After experience with the FDW system it was rated as more effective, although less of the 
participants wanted to keep it. When all of the systems were ranked in terms of the extent 
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to which the drivers would find them of use, and how interested they were in keeping the 
systems, the RCW and SBR were ranked the highest. The SBR system was thought to be 
particularly useful for warning drivers that their passengers were not wearing seatbelts. 

The systems were also found to be usable, although some drivers felt the position of the 
visual warning display was not optimal. Some participants found the auditory warnings 
annoying. The drivers made several useful suggestions regarding how the usability of the 
systems could be improved, in terms of both the visual display and the auditory warnings.  

Some barriers to driver acceptance of the systems were identified. Drivers reported that 
they would lose trust in systems that gave unreliable warnings. Based on the amount that 
drivers were willing to pay for the systems, cost may also be a barrier to acceptance, 
particularly maintenance and service costs. It is encouraging to note that several potential 
barriers to acceptance turned out not to be problems at all: drivers found the systems 
acceptable in terms of level of control, the drivers did not feel that they would rely too 
strongly on the systems at the expense of their own judgment, and the drivers did not think 
the systems would distract them from their driving.   

The RCW system was reported to be the most successful at reducing the level of workload 
drivers experienced. The SBR system also led to decreased workload, but only for the 
treatment group participants. The ISA and FDW systems had no effect on the level of 
workload participants experienced while driving. This can be seen as a positive result. 
There was a positive effect of the SBR and FDW systems on road safety awareness: after 
using the systems, drivers were more likely to be aware of the requirement to wear 
seatbelts when travelling slowly, and to adhere to the recommended following distance.  

Technical Operation of the Systems 

At different stages of the project the technical operation of the technologies was assessed 
against the original specifications developed by the project team. Some technical problems 
were identified. Most of these were able to be rectified. On the whole, the systems were 
reliable and performed well. It is noteworthy that this was so even though the systems were 
developed, tested and refined in a far shorter timeframe, and with a far smaller budget, than 
comparable commercial systems.   

Impact of the Study 

Although the final outcomes from the SafeCar study are yet to be formally disseminated, 
the project has already had some impact, directly or indirectly, on ITS developments here 
and overseas. Since the commencement of the project, Ford Australia has equipped SBR 
and RCW systems to their BA model Falcon. The BeltminderTM and sonar reverse collision 
sensing systems first became available as original equipment on the BA model Falcon, 
which was launched in September 2002. Ford have advised that the preliminary findings of 
the SafeCar project helped reinforce advanced product plans to introduce the corporately 
developed BeltminderTM system to the BA Falcon. Noteworthy, is that a number of 
vehicles locally manufactured by General Motors Holden now also contain these two 
systems. The project has attracted a large amount of unsolicited publicity in Australia and 
overseas, raising community awareness of the safety potential of the SafeCar systems. 
Reference to the project is made in a number of Australian and overseas Government 
policy documents and the project has spawned a large ITS research program at MUARC. 
Learnings from the project have informed the design of international ergonomic standards 
for the design of vehicle cockpit systems. The project has provided local industry with 
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expertise and knowledge in developing ITS related systems. Finally, the local road 
authority in Victoria (VicRoads) has installed on several of its fleet vehicles an ISA system 
functionally similar to that in the SafeCars.  

RECOMMENDATIONS 

Several recommendations deriving from the study can be made. These are outlined below. 
Options for implementing the recommendations are also made, where appropriate, in the 
main body of the report. 

Wider-Scale Implementation 

• Both informative and actively supporting ISA systems are suitable for deployment on a 
wider scale in Victoria. Both variants should be deployed on a wider scale.  

• Developments in technology that enable implementation of informative ISA systems 
on portable mobile phones and Personal Digital Assistants (PDAs) should be 
encouraged as these systems will precede production systems in new vehicles and can 
be widely deployed at relatively low cost. It is critical, however, that such systems are 
ergonomically designed and positioned in vehicles in such a way as to minimise driver 
distraction.    

• The SBR system should be deployed on a wider scale in Victoria.  

• Large-scale deployment of the FDW system is recommended if these systems are 
available and are low in cost, the nuisance and false warnings issued by the system are 
minimised, and the ergonomic design of warnings issued by the system is acceptable. It 
is important to note that the FDW trialled in the SafeCar project was a prototype 
system, not a commercially available system. 

• It is recommended that further consideration be given to wider-scale deployment of 
combined ISA and FDW systems given the positive effects that derive from use of the 
FDW system on its own and the additional positive effects that result from having the 
two systems operate in tandem.  

• The “fixed” variant of the actively supporting ISA system, deployed in the SafeCar 
study, should be widely deployed initially whilst “variable systems” – which are 
responsive to transient changes in the speed limit - are being developed.   

• It is recommended that the initial focus for deployment of ISA be on large company 
fleets, as the fleet companies are likely to be interested in the up-take of in-vehicle 
technologies, particularly if they help them conform to company OH&S requirements. 

• Mechanisms should be put in place to stimulate increased voluntary demand from fleet 
managers and the community for SBR systems so that vehicle manufacturers are 
motivated to install these systems in their vehicles to obtain maximum bonus points 
under the ANCAP rating system.   

 

Technical Refinement of Systems  

It was a requirement of the study to identify and note, during the on-road trial, any 
problems with the use of ITS devices and make recommendations for minimising or 
eliminating these in future systems. Several technical problems were identified. These, and 
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recommendations for overcoming them, are discussed in detail in Chapter 8 and 
summarised in Chapter 9.   

 
Future Research 

A number of recommendations for further research derived from the SafeCar project. 
These are relevant to all road safety communities and are discussed in Chapter 9 of the 
report. 

 
Human-Machine Interface 

The human-machine interfaces for the SafeCar systems were well human-engineered. The 
drivers in this study recommended further changes to the design of the human machine 
interface of the SafeCar systems, however, to make them more user-friendly. These 
suggestions should be considered if refinement of the design of the SafeCar systems is 
undertaken. Careful consideration should be given, however, to whether any of the 
suggested changes could reduce the effectiveness of the systems in improving driver 
behaviour or have any negative safety consequences before being incorporated.  

 

Final Comments 

This report has documented the findings of a large and ambitious research program that 
spanned a six-year period (June 1999 to July 2005). Overall the program of research 
demonstrated that the vehicle ITS technologies deployed can be highly effective in 
improving driver performance. It is our contention that wider implementation of these 
technologies will reduce road trauma in Victoria.  



TAC SAFECAR PROJECT: FINAL REPORT xxxix 

ACKNOWLEDGEMENTS 

The authors wish to thank the Victorian Transport Accident Commission (TAC) for 
generously funding the project and for their support and important contribution to all 
phases of the project. In particular, we acknowledge the support of David Healy, Paul 
Tierney, Kevin Connelly and Jessica Truong.  

The authors would also like to thank the Ford Motor Company of Australia. Without 
Ford’s significant contribution and critical in-kind support the project would not have been 
possible. In particular, we would like to acknowledge the significant contributions of 
Laurie Williams and Bruce Priddle.  

We thank also the following members of the TAC SafeCar Project Advisory Committee: 
Professor Max Cameron, Kevin Connelly, Bruce Corben, Professor Brian Fildes, Warren 
Harrison, Bruce Hearn, Dr Narelle Haworth, Anne Harris, David Healy, Ross McArthur, 
Dr Ken Ogden, Warwick Pattinson, and Anton Staindl.  

The authors would also like to thank the following Government and industry partners for 
their important contributions to the project: Autoliv, Barker Technics, Bosch, Britax 
Automotive Equipment, Digital Device Development Group, Intelematics, OzTrak, 
Reliable Networks, Royal Automobile Club of Victoria, VicRoads, Victoria Police and 
Wiltronics Research.  

The authors acknowledge the contributions, at various stages of the project, of the 
following colleagues: Dr Peter Cairney, Lahra Carey, Adam Game, John Goldsworthy, Pat 
Hall, Dr Max Lay, Lauchlan McIntosh, David Pearce, Malcolm Preston, Kelly Rougos, 
and Supt Bob Wylie.  
 
The authors also acknowledge the support of Intelligent Transport Systems Australia (ITS 
Australia) in promoting the project locally and internationally. We thank in particular, 
Lauchlan McIntosh and Brent Stafford.  

The authors are grateful to the early contribution of Professor Brian Fildes, who provided 
important guidance during the early stages of the project. We also wish to thank Michael 
Fitzharris, Professor Max Cameron and Dr Narelle Haworth from MUARC for their 
assistance and advice in calculating the crash reductions for the Intelligent Speed 
Adaptation and Following Distance Warning systems and the cost reduction benefits for 
the Seatbelt Reminder System. We are also grateful to Dr David Logan for his input on 
matters relating  to the Australian New Car Assessment program. Finally, we acknowledge 
the contributions of past MUARC colleague, Dr Stuart Godley, to early phases of the 
project. 

The authors would like to thank Professor Harry Watson from the Department of 
Mechanical Engineering, Melbourne University for providing us with the PKE (Positive 
Kinetic Energy) model for the estimation of fuel consumption and greenhouse gas 
emissions.  

We would also like to acknowledge the support of the following people: 

• Phil Wallace, Learning Systems Analysis Pty Ltd, for his assistance with the 
training needs analysis; 



xl MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

• Dr Simon Parker from the Defence Science and Technology Organisation (DSTO) 
for evaluating the suitability of auditory warnings issued by the SafeCars. 

• Jason Rubens and Mei Regan for participating in the pilot study and for their 
insightful comments regarding the operation of the SafeCar systems; and 

• Miriam Shrimski for the questionnaire data entry. 

Finally, the authors wish to extend their sincerest gratitude to the fleet companies and 
drivers who participated in the study, for the considerable time and effort they invested in 
the project and for their insightful feedback regarding both the project and SafeCar 
systems. 



TAC SAFECAR PROJECT: FINAL REPORT 1 

CHAPTER 1 INTRODUCTION TO THE TAC SAFECAR PROJECT 

 

1.1 INTRODUCTION 

A wide range of in-vehicle Intelligent Transport Systems (ITS) technologies have been 
developed which are estimated to have significant safety potential (Regan, Oxley, Godley 
& Tingvall, 2001). These are either commercially available or exist as advanced 
prototypes. Currently, however, there is very little consumer demand for in-vehicle ITS 
with high potential safety benefits. There are several reasons for this. Firstly, the average 
consumer is unaware that such ITS applications currently exist: if consumers do not know 
that such systems exist, they will not demand to have them. Secondly, at their present state 
of commercial maturity and deployment, most of these systems are too expensive for the 
average consumer. Finally, there will be no demand for in-vehicle ITS applications unless 
vehicle manufacturers and consumers deem them to be safe, reliable, useful, easy to use, 
and affordable.  

At present, the long-term safety benefits of in-vehicle ITS applications are not well 
understood. The systems have not been deployed for long enough and in large enough 
numbers in traffic for crash numbers to be a reliable indicator of a change in safety (Rumar 
et al., 1999). However, a number of on-road trials of selected systems have been 
undertaken, or are currently underway, that examine the long-term effects of the systems 
on driving performance and behaviour. In Europe, for example, the focus of these trials has 
been on Intelligent Speed Adaptation (e.g. Besseling & van Boxtel, 2002; Carsten & 
Fowkes, 2000; Lahrman, Madsen & Boroch, 2001; Várhelyi, 2001; Várhelyi, Comte & 
Makinen, 1998). Both small- and large-scale trials have shown that Intelligent Speed 
Adaptation is effective in reducing speed, with adaptive speed limiting systems being more 
effective than adaptive speed alerting systems (Várhelyi, 2002). Typically, studies to date 
have examined a single system in isolation. While the contributions and general 
importance of these studies should not be underestimated, it is important to note that very 
few studies have examined the interactive effects of different in-vehicle ITS technologies. 
It is important to understand the effects on driver performance and acceptability when 
drivers interact with multiple ITS technologies in their vehicle. While the effects on 
performance of a single technology in isolation may be positive, it cannot be assumed that 
the positive effects would persist, or would be enhanced, if another technology were also in 
operation in the vehicle. Increased workload, the potential for distraction, and decreased 
acceptance of the technologies cannot be discounted when multiple systems are present in 
the vehicle. 

Against this backdrop, in June 1999 the Transport Accident Commission (TAC) of 
Victoria commissioned the Monash University Accident Research Centre (MUARC) to 
undertake the “TAC SafeCar” project. The project involves, as project partners, the TAC, 
MUARC and Ford Motor Company of Australia. The overall aim of the project is to 
stimulate demand in Australia for in-vehicle ITS technologies that are estimated to have 
high safety potential. The TAC SafeCar project is unique in that it is the first study, known 
to the authors, to systematically examine, in an on-road context, the interactive effects on 
driving performance of ISA in combination with other in-vehicle ITS.  
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1.2 AIMS AND OBJECTIVES OF PROJECT 

The long-term aim of the TAC SafeCar project is to stimulate demand, initially by 
corporate car fleet owners and in the longer term by the broader community, for several 
currently available in-car ITS technologies that are estimated to have significant road 
safety benefits. The project also aimed to deploy and evaluate the technical operation of 
the chosen ITS technologies, assess the acceptability to drivers of these technologies, and 
evaluate the impact of these technologies on driver performance and safety, both on the 
road and in an advanced driving simulator located at MUARC. These aims were achieved 
through the conduct of a four-phase project. 

The TAC SafeCar project is unique in that it is the first study, known to the authors, to 
have systematically examined, in an on-road context, the interactive effects on driving 
performance of ISA in conjunction with other in-vehicle ITS. It is also the first study to 
have examined the effects on driving of long-term exposure to SBR and FDW systems.  
 

1.3 STRUCTURE OF CURRENT REPORT 

This report documents the outcomes of Phases 3 and 4 of the project; the on-road trial and 
evaluation of the ITS technologies. A brief overview of the four phases of the TAC 
SafeCar project and the activities undertaken in each phase is provided in Chapter 2. A 
review of the literature on the in-vehicle ITS technologies that are relevant to the SafeCar 
project is presented in Chapter 3. Chapter 4 introduces the aims of the Phase 4 on-road 
study and outlines the study hypotheses. A description of the methodology employed 
during Phases 3 and 4 of the project is provided in Chapter 5. In Chapter 6, the results of 
the logged on-road data are presented and discussed. The results of the analysis of 
subjective questionnaire data are provided in Chapter 7. A general discussion of the Phase 
4 results is presented in Chapter 8. Finally, in Chapter 9 recommendations are made for 
wider-scale implementation of the ISA and SBR systems, the technical refinement of the 
systems, future research and optimisation of the SafeCar system interfaces.  

The Appendices to this report are contained in a separate volume: On-Road Evaluation of 
Intelligent Speed Adaptation, Following Distance Warning and Seatbelt Reminder 
Systems: Final Results of the TAC SafeCar Project, Volume 2. The list of Appendices is 
also contained at the end of this report. 
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CHAPTER 2 OVERVIEW OF PROJECT PHASES 

 

This chapter provides a brief description of the activities undertaken in each of the four 
Phases of the TAC SafeCar project. A detailed list of the reports and conferences papers 
discussing the aims and outcomes of each phase of the project are provided in Appendices 
A and B, respectively (the reader is referred to Volume 2 of this report for Appendices). 

2.1 PHASE 1: SELECTION OF CANDIDATE SYSTEMS  

In Phase 1, which was completed in January 2000, the project team identified a range of 
currently available in-vehicle ITS technologies which had the potential to significantly 
reduce road trauma in Victoria. The various activities involved in doing so are described 
elsewhere (see Regan, Tingvall, Healy & Williams, 2000; see Appendix B). The systems 
identified were: intelligent speed adaptation; forward collision warning; breath alcohol 
“sniffer” system; seat belt reminder; reverse collision warning; automatic crash notification 
(Mayday) system; route navigation system (a comfort system rather than a safety system); 
and daytime running lights.  

2.2 PHASE 2: DEVELOPMENT OF PROTOTYPE VEHICLES 

During Phase 2, which began in February 2000, two prototype vehicles were equipped 
with a sub-set of the ITS technologies identified in Phase 1: the breath alcohol “sniffer” 
system was not included as it could not be developed within the study timeframe. The first 
step in Phase 2 was to develop functional and Human-Machine Interface (HMI) 
specifications for all of the ITS technologies identified in Phase 1 (Regan & Tomasevic, 
2001; see Appendix B). These were prepared by a multi-disciplinary design team that 
included representatives from MUARC, Ford and the TAC. Some systems were purchased 
“off-the shelf” and were assessed against these specifications and modified where 
appropriate. Other systems were developed locally and these were built to the same 
specifications. The central philosophy underpinning the design of the chosen technologies 
was that, when driving safely and legally, drivers should not be aware that they are driving 
an ITS equipped vehicle - that is, they should not experience any warnings. Furthermore, 
the technologies were designed as driver assistance systems rather than as training or 
behaviour modification devices. The reader is referred to Appendix C for a detailed 
description of the functional and HMI specifications for the ITS systems.  

The second step in Phase 2 involved the installation of the chosen technologies into two 
Ford Fairmont Ghia cars. The two vehicles, which were supplied by Ford, served as 
prototype vehicles. Ford played a major role in sourcing, selecting and installing the 
technologies into the vehicles. Following installation of the systems, acceptance testing of 
the prototype vehicles was undertaken to ensure that the systems performed to the 
functional specifications (Tomasevic & Regan, 2001). The reader is referred to Appendix 
D for a detailed description of the acceptance testing protocol.  

Training needs analysis was also carried out to determine the training requirements 
necessary to ensure that drivers were able to use the ITS technologies safely and 
effectively (MUARC, 2001; see Appendix A). This was undertaken in large part as a Duty 
of Care requirement to the drivers of the test vehicles in the Phase 4 on-road trial. Usability 
testing was also undertaken to ensure that the HMI of each system was properly human-
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engineered and acceptable to users (Mitsopoulos & Regan, 2001; see Appendix A). The 
outputs of the usability testing were used to refine the design of the HMI of the test 
vehicles to be built in Phase 3 and used in Phase 4 of the study. For a detailed description 
of the activities carried out in Phase 2 of the project, the reader is referred to a conference 
paper by Regan, Mitsopoulos, Tomasevic, Healy, Connelly, and Williams (2001; see 
Appendix B).  

2.3 PHASE 3: DEVELOPMENT OF FLEET VEHICLES  

During Phase 3, 15 Ford passenger cars were equipped with a sub-set of the technologies 
fitted to the prototype vehicles. These systems had been modified based on the outcomes 
of the acceptance and usability testing activities conducted in Phase 2. The following ITS 
technologies were fitted to each of the 15 vehicles: Intelligent Speed Adaptation, 
Following Distance Warning, Seat Belt Reminder, Reverse Collision Warning, and 
Daytime Running Lights. These systems were deemed to be the ones that would confer the 
greatest safety benefits and which were reliable enough to deploy. The Daytime Running 
Lights were fitted to the vehicles as a driver comfort device. Under a leasing agreement, 
these vehicles were supplied to several company car fleets based in and around Melbourne, 
Australia, for use as test vehicles in the on-road component of Phase 4 of the research 
study.  

The 15 vehicles were also equipped with a number of additional systems to support the on-
road study. These systems included: a Log In/Log Out system; a programmable “iButton” 
to enable the experimenters to automatically enable and disable systems based on the 
number of kilometres travelled by the test driver; a Data Logging system; a Master 
Override button to enable non-test drivers to disable the ITS warnings and data logging 
system prior to system boot up so that that the data for a test participant were not 
contaminated by data from other potential drivers of the same car; a System Override 
Button to allow test drivers to temporarily turn off all ITS warnings while driving if they 
felt overloaded by system warnings or if they suspected a system malfunction; a Master 
Volume Control to enable drivers to adjust the volume of all ITS warnings above a 
minimum set level; a Speed Request Button to allow drivers to ascertain manually, via the 
ISA system, the posted speed limit of the road on which they were currently travelling; and 
a miniature LCD display (the ITS Visual Display) for communicating to the test driver all 
visual warnings and messages deriving from the various systems. A description of the 
technical properties and functionality of each of the ITS technologies and support systems 
equipped to the SafeCars during Phase 3 is provided in Section 5.2 of Chapter 5 of this 
report. Several of the conference papers listed in Appendix B also describe these systems. 

2.4 PHASE 4: ON-ROAD AND SIMULATOR EVALUATION  

The fourth, and final phase of the project, which is the focus of this report, commenced in 
February 2003 and commenced in March 2005. During this phase, data were collected, in 
an on-road study involving fifteen ITS-equipped fleet cars and in the advanced driving 
simulator located at MUARC, to assess the technical operation of the chosen ITS 
technologies, to assess driver attitudes to and acceptance of the technologies, and to 
evaluate the effects of the technologies, in combination and alone, on driving performance 
and safety. This report documents the design and outcomes of the on-road study 
component of Phase 4 of the TAC SafeCar project. The outcomes of the simulator study 
component of the project are documented in a separate report by Regan et al. (2005). 
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CHAPTER 3 REVIEW OF THE IN-VEHICLE ITS LITERATURE 

 

3.1 INTRODUCTION TO INTELLIGENT TRANSPORT SYSTEMS 

Over the last 30 years the road crash fatality rate in Australia has reduced from being one 
of the highest among motorised countries to one of the lowest. The number of fatal road 
crashes has dropped from 8.0 deaths per 10,000 registered vehicles in 1970, to 1.2 in 2005 
(ATSB, 2006). Nevertheless, road crashes continue to account for over 90 percent of the 
total cost of transport-related accidents across all modes in Australia (Booz-Allen & 
Hamilton, 1997). Each year, approximately 1,600 people die on Australian roads and 
around 22,000 are seriously injured (ATSB, 2006). In Victoria, the number of road 
fatalities has decreased from 548 deaths in 1990 to 345 deaths in 2005 (ATSB, 2006). The 
various strategies implemented in Victoria since the late 1980s have been successful in 
cutting the road toll significantly. At the national level, it is also recognised that the 
deployment of Intelligent Transport System (ITS) technologies has the potential to yield a 
new wave of road safety and other benefits for Australian States and Territories. To this 
end, a national ITS strategy known as ‘E-Transport’ (Austroads, 1999) was launched in 
December 1999 by the Federal Government of Australia. The strategy brings a strategic 
and coordinated focus to the planning, application and assessment of ITS technologies in 
Australia. A second, updated, version of E-Transport is currently being developed by the 
Federal Department of Transport and Regional Services. 
 
Intelligent Transport Systems (ITS) are advanced computer, communications, sensor and 
control technologies applied to transport. ITS technologies are capable of addressing 
various surface transportation problems and have been designed, for instance, to improve 
travel efficiency and mobility, enhance safety, conserve energy, provide economic 
benefits, and protect the environment. ITS technologies have been installed both in 
vehicles and in the road infrastructure. Examples of in-vehicle ITS currently available in 
Australia include in-vehicle route navigation systems and adaptive cruise control systems. 
The former system provides drivers with turn by turn instructions on how to reach a 
selected destination while the latter system automatically slows the vehicle to a safe 
following distance if the cruise control function has been activated and the car approaches 
a vehicle ahead that is travelling at a slower speed than it. Electronic tolling systems and 
variable message signs are examples of ITS applications that have been embedded within 
the road infrastructure. 
 
In Australia, ITS research, development and deployment efforts have focused mainly on 
the provision of advanced traffic management systems (e.g., the Sydney coordinated 
adaptive control system; SCATS), advanced traveller information systems (such as 
variable message signs) and electronic tolling systems (such as those systems operating in 
the Melbourne City Link road network). Australia has been at the forefront of world ITS 
developments in these and related areas. However, to date, Australia has lagged behind the 
rest of the world in relation to the design, development and deployment of in-vehicle ITS 
technologies.  
 
A wide range of in-vehicle ITS technologies is already commercially available in Japan, 
Europe and North America. However, very few of these systems are available in Australia. 
Systems available overseas vary from those that provide the driver with information about 
congestion or obstacles on the road ahead, to more complex systems that take over driving 
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tasks in hazardous situations. It is estimated that many of these systems, and others 
currently being developed, have great potential to enhance the safety of road users (Regan, 
Oxley et al., 2001). At this point in time, however, it is not known for certain whether a 
given ITS application will, or will not, enhance safety, as crash studies, which are the 
traditional measure of change in road safety, are not yet appropriate for deriving safety 
information in the ITS context. This is because ITS technologies have not been deployed in 
vehicles on a large enough scale and over a long enough period of time in traffic for the 
crash numbers to be a reliable indicator of a change in safety (Rumar et al., 1999). 
However, long-term on-road studies such as the recently completed Swedish ISA trials 
(Biding & Lind, 2003) and the TAC SafeCar study will start to shed some light on the 
possible safety benefits of in-vehicle ITS. 
 

3.2 REVIEW OF THE IN-VEHICLE ITS LITERATURE 

This chapter will review existing literature and trials from Australia and overseas involving 
in-vehicle ITS. This review updates the review of the ITS literature conducted by Regan, 
Oxley et al. (2001) as part of Phase 1 of the project. Further, this review focuses only on 
those ITS technologies that are relevant to the TAC SafeCar project: Intelligent Speed 
Adaptation (ISA); Following Distance Warning (FDW); Seatbelt Reminder systems 
(SBR); Reverse Collision Warning (RCW); and Daytime Running Lights (DRL). The 
relative effectiveness of these technologies in modifying driving behaviour is discussed, 
along with a discussion of the pertinent human factors issues (e.g., usability and 
acceptability) that are relevant to this class of technology.  

3.2.1 Intelligent Speed Adaptation 

Speeding constitutes a significant road safety problem in Australia and worldwide. Each 
year, around 1,600 people die on Australian roads and over 22,000 are injured (ATSB, 
2006). In Victoria alone, 348 people died on the roads in 2005 (ATSB, 2006). Speeding is 
estimated to account for over one quarter of fatal crashes (Diamantopoulou, Hoareau, 
Oxley & Cameron, 2003). Speeding has traditionally been thought of as primarily a young 
driver problem. However, crash statistics indicate that fatal speed-related crashes involve 
drivers from all age groups. Although speed-related fatalities have decreased over the last 
decade, drivers aged less than 25 years represent about one third of all drivers killed in 
speed-related crashes, despite constituting only around 15 percent of the driving 
population.  Moreover, although more experienced drivers (aged over 40 years) represent a 
smaller proportion of drivers killed in speed-related crashes relative to the under 25 years 
group, their involvement in speed-related fatal crashes has increased over the past decade 
(RTA, 2002). In an effort to reduce the number of speed-related fatal crashes, Police and 
road authorities have introduced a number of road safety countermeasures. These 
countermeasures include advertising campaigns, the deployment of fixed and mobile speed 
cameras, the introduction of 50 km/h speed limits in Residential areas and the issuing of 
double demerit points over holiday periods.  

In recent years, a number of in-vehicle ITS technologies have also been developed to 
reduce both average and excessive travel speeds. Of the various classes of ITS that are 
reaching technical maturity, the technology that stands out as having great immediate 
potential to reduce the incidence and severity of road trauma in Australia and overseas is 
Intelligent Speed Adaptation (Regan, Young, & Haworth, 2003).  
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3.2.1.a What is Intelligent Speed Adaptation? 
Intelligent Speed Adaptation (ISA) is a generic term for a class of ITS in which the driver 
is warned and/or vehicle speed is automatically limited when the driver, intentionally or 
inadvertently, travels at or over the posted speed limit. Most ISA systems establish the 
position of the vehicle; compare the current speed and position of the vehicle with the local 
posted speed limit and issue warnings if the vehicle exceeds this posted limit. There are 
two main variants of ISA: speed alerting and speed limiting systems. 

Speed alerting systems warn the driver if he or she is exceeding the posted speed limit in a 
given location. There are two variants of speed alerting systems: an informative variant and 
an actively supporting variant. Informative ISA provides the driver with an auditory 
warning or a combination of auditory and visual warnings (e.g., a picture of a road sign 
showing the posted limit depicted on an in-vehicle visual display accompanied by an 
auditory chime) if they exceed the posted speed limit beyond a specified threshold (e.g., 3 
km/hr above the posted limit) and/or period of time (van Boxtel, 1999). 

Actively supporting ISA provides the driver with a tactile warning in the form of increased 
upward pressure or a vibration felt through the accelerator pedal. This is often 
accompanied by visual warnings. The accelerator resistance/vibration is designed to inform 
the driver that they are exceeding the posted speed limit for their given location. The driver 
is usually able to override the resistance in the accelerator pedal if the driving conditions 
require it via a "kick-down" function, whereby the accelerator pushed is pushed down hard, 
to increase speed (van Boxtel, 1999). 

In contrast to speed alerting systems, which only warn the driver if he or she is exceeding 
the posted speed limit, variable speed limiting devices make it impossible for the driver to 
exceed the posted limit (or another pre-determined speed threshold). With variable speed 
limiters, the maximum speed of the vehicle is automatically limited to different speeds at 
different locations, usually corresponding to the posted speed limit. Two general types of 
control mechanisms, speed governors and speed retarders, exist to restrict a vehicle to the 
posted speed limit. Speed governors are mechanical devices that directly control the level 
of fuel input to the engine. These devices interrupt the fuel supply to the engine once the 
vehicle has exceeded the maximum posted speed limit, thereby restricting the speed of the 
vehicle to this limit (Comte & Lansdown, 1997). Speed retarders in contrast, regulate 
vehicle speed continuously by creating a braking force in the opposite direction to the 
rotation of the drive system, and are typically installed on vehicle transmission braking 
systems (Comte & Lansdown, 1997). 

For both variable speed alerting and limiting systems, information regarding the current 
position of the vehicle and the speed limit that applies to that location can be obtained in 
one of two ways. One way is by means of electronic signals transmitted to the vehicle from 
beacons attached to speed signs or other roadside infrastructure surrounding speed signs. 
These beacons transmit information regarding the posted speed limit to the vehicle and an 
on-board computer triggers the warning and/or limiting mechanism if the vehicle exceeds 
this limit.  

A more widely used approach, and the one employed in the TAC SafeCar study, utilises 
global positioning system (GPS) technology. With this approach, information regarding the 
road network and the posted speed limits within it are stored in an on-board digital map 
database. The location of the vehicle on the road network is determined by a GPS receiver 
fitted to the vehicle. Based on data derived from the GPS, an on-board computer 
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continuously analyses the location of the vehicle and compares the posted speed limit for 
that location with the current (speedometer or GPS-derived) speed of the vehicle. A 
warning is triggered when the GPS/digital map system recognises that the vehicle is 
travelling faster than the maximum speed limit for the current location (van Boxtel, 1999). 

3.2.1.b Research on ISA 
A growing body of research has examined the potential safety benefits of ISA technologies 
and their influence, both positive and negative, on driving performance. Much of this 
research has been conducted in Europe, particularly Sweden, although more recently 
countries such as the United Kingdom, Australia and Japan have begun conducting 
research examining the road safety benefits of ISA. In this section of the report, the on-
road, simulator and focus group studies that have examined the safety benefits of ISA are 
reviewed. The main focus of the review will be on the effects of ISA alerting systems on 
driver behaviour (which is the focus of the current study), rather than on ISA limiting 
systems. 

3.2.1.b.1 On-road Studies 
A number of small and large-scale field trials of ISA alerting and limiting systems have 
been conducted overseas, particularly in Europe. These on-road trials are discussed below. 

Sweden 
Three small-scale ISA field trials conducted in Sweden during the 1990’s (Almqvist, 
Hyden, & Risser, 1991; Almqvist & Nygård, 1997) are possibly the first known to the 
authors to have evaluated ISA systems.  The results of these studies were generally 
promising, with drivers recording reductions in mean and maximum speeds, improvements 
in interactions with other road users and reduced fuel consumption and air pollution when 
using the ISA alerting and limiting systems. However, there was also evidence that drivers 
engaged in some compensatory behaviour such as driving faster when turning left or right 
or running red lights when using the ISA limiting system. 

In light of the positive results from these earlier studies involving ISA, the Swedish 
National Road Administration (SNRA) commissioned a large-scale on-road ISA trial. Four 
Swedish cities were involved in the trial: Borlänge, Umeå, Lund and Lidköping, and each 
city was responsible for the implementation of the trials in their own municipality. Before 
discussing the preliminary findings from each city, the overall design of the trials is 
described.  

The trials were co-ordinated by the SNRA and aimed to enhance knowledge of motorists’ 
attitudes towards ISA, the potential traffic safety and environmental costs and benefits of 
various ISA systems and the integration of these systems into cars. The trials commenced 
in early 2000 and the on-road phase of the trials concluded in late 2001. The trials were 
conducted in inner city areas where the traffic is heavy and there is a lot of interaction 
between motorists and other road users. More than five thousand cars were equipped with 
informative and actively supporting ISA speed alerting systems to assist motorists in 
complying with the speed limit. Private motorists accounted for the majority of 
participants, but professional drivers, such as taxi and bus drivers, also took part in the 
trials (Biding & Lind, 2002; Lind, Lindkvist, André, & Carlsson, 2001).  

The SNRA co-ordinated the project at a national level in the form of project management, 
technical support and the evaluation and comparison of the results across the four trials. 
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There were large differences in the design of the trials between cities and these differences 
were taken into consideration when planning the field measurements and when comparing 
the evaluation results. In particular, the four cities implemented and evaluated different 
variants of ISA. Four variants of ISA, all speed alerting, were trialed: an informative ISA 
system; informative ISA system with display; ISA systems for quality assurance and an 
actively supporting ISA system (Biding & Lind, 2002; Lind et al., 2001). The results of the 
trials are described in greater detail below in relation to the city in which they were tested.   

An informative ISA system was tested in the city of Borlänge. This system, also known as 
the “speed checker”, consisted of a small box with a warning function that was attached to 
the vehicle dashboard. Once the driver exceeded the speed limit by 2 km/h or more, a lamp 
on the box flashed and an auditory signal was issued. If the driver continued to exceed the 
speed limit, the intensity of the signal increased. The box also contained a display that 
showed the current speed limit at all times. This ISA system utilized a GPS receiver fitted 
to the vehicle and an on-board digital map to identify the position of the vehicle and 
provide information regarding the current speed limit (Vägverket, 1999).  

An additional variant of ISA, the ISA system for quality assurance, was also tested in 
Borlänge. This system consisted of a unit that registers and stores any speed violations. If 
the driver failed to reduce speed within 10 to 15 seconds from the onset of the warnings, 
then a registration was made. This system was trialed in Borlänge only (Vägverket, 1999). 
The test drivers for the Borlänge trial were recruited in 1999 and the ISA systems were 
installed in the vehicles in the spring of 2000. The informative ISA system was installed in 
approximately 200 vehicles driven by private motorists and professional drivers. The ISA 
system for quality assurance was equipped to around 200 vehicles purchased by the 
community, such as school buses and transport for the disabled. The test drivers were 
exposed to these ISA systems for approximately 12 months. The results from the Borlänge 
trial were very positive, with evidence of reductions in average and maximum travel 
speeds. The ISA systems had the greatest effect on roads with 50 km/h speed limits, with 
reductions of 3 to 4 km/h in average speeds observed. For highways, when the ISA system 
was deactivated, travel speeds began to increase again. However, for Residential roads, the 
reductions in speed continued after the ISA systems were switched off. Before-
measurements (taken before drivers were exposed to the ISA systems) indicate that 94% of 
the drivers were exceeding the speed limit on main streets with a 30 km/h limit. However 
during the trial, the test vehicles exceeded the speed limit only 6.6% of the time and when 
excessive speeding occurred, it was generally within 5 km/h of the posted speed limit 
(Lind, 2000). Other positive driving performance measures were also observed in the test 
vehicles, including lower approach speeds at intersections, reduced speed variance, 
reductions in fuel consumption and no increases in travel times (Vägverket, 2003a).  

In the city of Lund, 290 test vehicles were equipped with an actively supporting ISA 
system for a period of 10 months. This system consists of an “active gas pedal”, which 
provided slight resistance in the accelerator pedal if the vehicle exceeded the current speed 
limit. Drivers were able to override the system by pressing down hard on the accelerator 
pedal. The test vehicles were also equipped with a differential GPS (dGPS) receiver and a 
digital map of the city area to identify the position of the vehicle and provide information 
regarding the current speed limit. This system was tested by professional drivers (taxi, bus 
and delivery drivers), company car drivers, personnel at large companies and private 
motorists (Várhelyi, 1999; 2001).  

The test area for the Lund trial included the entire city of Lund. However, the ISA system 
was only active in 30, 50 and 70 km/h speed zones. The driving data of all vehicles, such 
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as speed, location and time and date were logged by data logging facilities and on-board 
flash memory cards, both before and after the system was activated. Driver behaviour, 
attitudes, acceptance and workload were evaluated through the use of questionnaires 
administered before, during and after exposure to the system and through in-depth 
interviews, logbooks and in-vehicle observations (Várhelyi, 1999; 2001). Similar to 
Borlänge, the results from the Lund trial were very promising. When the ISA actively 
supporting system was active, a reduction in average travel speeds was observed and these 
reductions were greatest for those roads with higher speed limits and at mid-block sections 
(the midpoint between intersections). Specifically, mean mid-block speeds decreased by 
4.9 km/h on 70 km/h Arterial roads; by 2.5 to 5 km/h on 50 km/h roads, depending on the 
road type; and by 1 km/h on 30 km/h roads. There was also evidence of reductions in speed 
variance, particularly on 50 km/h roads (Hjälmdahl, Almqvist, & Várhelyi, 2002; Várhelyi, 
Hydén, Hjälmdahl, Risser, & Draskóczy, 2002). In addition to the positive effects of the 
ISA system on speed compliance, when the ISA system was active, drivers were more 
likely to yield at intersections, give way to pedestrians and cyclists and adopt greater 
following distances from the vehicle ahead. There was also evidence of decreases in travel 
times on 30 km/h roads, although travel times did increase slightly in 50 and 70 km/h 
zones (Vägverket, 2003c).  

An informative ISA system was tested in the city of Umeå. Unlike the other three cities 
involved in the trials, which used dGPS and a digital map, the ISA system in Umeå used 
broadcasting microwave beacons mounted on existing speed signs and nearby lamp poles 
to transmit local road network information to passing test vehicles. A box, which issued 
warnings in the form of a flashing red light and an auditory signal when the local speed 
limit was exceeded, was attached to the test vehicle dashboard. The Umeå trial focused on 
a large number of participants in order to achieve a measurable impact on the speed 
distribution in the road network, with approximately 4,000 vehicles equipped with the ISA 
system (Sundberg, 1999). The participants included private motorists, and vehicles owned 
by the municipality of Umeå, although questionnaires were also administered to the 
general public in order to evaluate changes in their attitudes towards ISA as they interacted 
with ISA-equipped vehicles over time. The Umeå test area included roads with speed 
limits of 30, 50, 70 and 90 km/h. The speed of vehicles was measured at 100 locations 
around Umeå during the trial. The results of these speed surveys revealed that, during the 
test period, the average speed of vehicles was reduced by 0.6 to 0.9 km/h on 30 km/h roads 
and by 0.6 to 0.7 km/h on 50 km/h roads. There was no evidence of speed reductions on 70 
km/h roads (Vägverket, 2003d).  

The Umeå test drivers were also required to complete questionnaires before, during and 
after exposure to the ISA system. Based on the questionnaire data, the majority of 
participants (72%) indicated that it was easier to adhere to speed limits on 30 and 50 km/h 
roads with the ISA system installed. In addition, many of the drivers claimed that they 
totally avoided exceeding the speed limit after an ISA warning was issued. There was a 
general consensus among drivers that they had become more aware of the speed limits, 
particularly outside the test area and that they are more aware of vulnerable road users. 
Overall, two-thirds of the test drivers wanted to keep the ISA system at the end of the trial. 
However, a number of drivers also indicated that they felt the pleasure of driving had 
decreased, that they felt frustrated by the slower speeds on occasions and that they 
perceived an increase in travel times (Sundberg, 2001; Vägverket, 2003d).  

Two variants of ISA were tested in the city of Lidköping, an informative ISA system with 
display and an actively supporting ISA system. Approximately 280 test vehicles were 
equipped with these systems; approximately half were equipped with the informative 
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system with display and half with the actively supporting system. Information regarding 
local speed limits was transmitted to the vehicles via a dGPS receiver and a digital map of 
the road network. Over 400 private motorists, drivers of company cars and drivers of 
municipal authority vehicles participated in the Lidköping trial (Vägverket, 1999; 2002). 

Detailed results of the Lidköping ISA trial are not yet available in English. However, a 
summary of the Lidköping results, available in English was obtained. During the ISA trial, 
there was evidence of an overall reduction in average and maximum speeds, and no 
evidence of an increase in travel times due to the calmer traffic flow (fewer stops and 
braking). The test drivers also held highly positive attitudes towards the ISA systems, with 
many drivers stating that the systems made it easier for them to comply with the speed 
limit and improved road safety around the city. A number of differences were also 
observed between the informative and actively supporting ISA systems in terms of their 
acceptability. Compared to the drivers who experienced the informative ISA system, the 
test drivers who used the actively supporting system generally claimed that is was easier to 
comply with the speed limit. However, the drivers who used the actively supporting system 
also felt that they were ‘holding up’ the other traffic to a greater degree than did the drivers 
with the informative ISA system (Vägverket, 2003b).  

United Kingdom 
An on-road trial involving ISA limiting systems was carried out in the United Kingdom 
(Carsten & Fowkes, 2000; Carsten & Tate, 2001; 2005) as part of the External Vehicle 
Speed Control (EVSC) Project. The project was conducted by the University of Leeds in 
conjunction with the Motor Industry Research Association of England and was funded by 
the UK Department of the Environment, Transport and the Regions. The project aimed to 
review a broad range of factors related to the possible introduction of a speed control 
system that limits the top speed of vehicles. The research was carried out in real traffic 
situations in a specially modified car, equipped with two variants of ISA. The first system 
was a voluntary system termed “Driver Select”, in which drivers have the option of being 
limited to the speed limit. At each change in speed limit, the driver was alerted, via a visual 
display and an auditory signal, of the current speed limit. At this stage the driver had three 
options: First, the driver could engage the system and be limited to the maximum speed 
limit. Second, if the driver chose to override the system and be free to travel at any speed 
they wished, they could disengage the speed limiter. Finally, the driver could choose to 
ignore the auditory signal. If they ignored the signal they were alerted by a second auditory 
prompt and if they continued to ignore this, the system reverted to standby mode after 4 
seconds. The second system was the “Mandatory” system, in which the vehicle was 
permanently limited to the maximum posted speed limit. As with the Driver Select system, 
visual and auditory signals were issued to the driver upon entering a new speed zone.  
 
Participants were required to drive a predetermined test route in a Ford Escort car equipped 
with the two variants of ISA. The position of the car was determined via a dGPS receiver, 
while a digital map provided information about local speed limits. The test route was 
approximately 42 miles long and included roads of varying speed limits (30 to 70 mph) 
and traffic conditions. A total of 24 participants took part in the trial and drove the test car 
on three separate occasions. Sixteen of the participants drove the car once without the ISA 
systems operating and on the other two occasions with one version of the system operating 
(8 with the Driver Select system and 8 with the Mandatory system). The other eight 
participants drove on the three occasions with the ISA systems disengaged to provide a 
baseline. Data were collected on driving speed, braking, amount of retardation imposed by 
the system and system state. Two in-car observers recorded behaviours such as driving 
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errors, conflicts and interaction with other drivers. Information regarding workload and 
acceptability were gathered by means of questionnaires. The results revealed that, although 
the use of the Driver Select system was high, drivers were prone to disengage the system in 
areas where speeding is the norm. The Mandatory system was successful at reducing 
excessive speeds, particularly in areas where drivers are known to speed such as rural 
villages and urban areas. The Mandatory system also resulted in improved following 
behaviour and less abrupt braking. A very positive sign from the trial was that there was no 
evidence of any negative behavioural effects of the ISA systems, although drivers did 
report that their frustration levels rose as did time pressure when driving with the ISA 
systems. Drivers who experienced the Mandatory system reported that they paid more 
attention to the driving task and, consequently, were more aware of impending hazards. 
However, they did report that other vehicles overtook them almost twice as much when 
driving with the Mandatory system as when they drove without it. With regard to driver 
acceptance, drivers indicated that the Driver Select system was more useful as a safety 
instrument than the Mandatory system and less of a source of frustration (Carsten & 
Fowkes, 2000). 
 

Netherlands 
Results from on-road ISA research in the Netherlands have also revealed positive effects of 
ISA on speed compliance. A variable speed alerting system was tested in an instrumented 
test vehicle in the Netherlands by Brookhuis and de Waard (1999). The aim of this trial 
was to examine the effects of feedback from the speed alerting system on speeding 
behaviour, cognitive workload and acceptance of the system. The speed alerting system 
tested received information regarding the local speed limit via roadside tags attached to the 
back of traffic signs. The current speed limit of the area being driven in was presented on a 
visual display located below the speedometer. Whilst the vehicle was travelling under or at 
the speed limit, the speed limit icon was presented in green. Immediately after the vehicle 
exceeded the speed limit, the display changed to amber and in cases when the vehicle 
exceeded the limit by more than 10%, the display changed to red and an auditory warning 
indicating the current speed limit was presented. Twenty-four participants drove the test 
vehicle in normal traffic on various road types, including motorways, Arterial roads and 
built-up areas, with speed limits ranging from 50, 70, 80, 100 and 120 km/h. Each driver 
experienced two trials. During the first trial baseline measurements of driving behaviour 
were recorded. During the second trial the experimental group received feedback from the 
system regarding speed violations, while the control group received no feedback. The 
results revealed that the extent to which the speed limit was exceeded on the second trial 
was on average 4 km/h lower for the experimental group and nil for the control group. The 
results also revealed a significant reduction in speed variability (0.5 km/h) for the 
experimental, but not the control group. Perceived levels of mental workload and ratings of 
the acceptance of the system did not differ significantly between the two groups. 
Participants indicated a high level of approval for the speed alerting system and, in 
particular, the fact that it provides continuous visual feedback regarding the current speed 
limit. 

As part of the MASTER (MAnaging Speeds of Traffic on European Roads) Project, a field 
trial of ISA was conducted in three European countries: The Netherlands, Sweden and 
Spain (Várhelyi et al., 1998). The primary aim of the trial was to evaluate the possible 
positive and negative effects of a speed limiting device in terms of speed behaviour, travel 
time changes, traffic violation, and driver workload and acceptance. The participants 
included 20-24 drivers from each of the three countries, who drove an instrumented car 
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equipped with a speed limiter along a 20-30km test route consisting of urban and rural 
roads and a stretch of motorway. The speed limiting system gradually increased the 
counter-pressure on the accelerator as the vehicle approached the maximum speed and 
restricted the engine fuel injection system once the vehicle reached the local speed limit. 
Information regarding the current speed limit was relayed to the car via transmitters 
attached to speed signs. The participants drove along the test route twice, once with the 
limiter on and once with it off, in a counterbalanced order. Measurements were taken of 
speed, car-following behaviour, giving-way behaviour, driver workload and acceptance of 
the limiting system.  
 
Results revealed that the speed limiter significantly reduced driving speeds by up to 5 
km/h. However, this was only found on 30-70 km/h roads, not on 80-90 km/h roads and 
motorways. Other positive effects of the speed limiter were decreases in speed variance, 
smoother approach speeds at roundabouts, intersections and curves and increased time 
gaps between cars. The speed limiter had no significant effect on turning speeds, giving 
way behaviour towards pedestrians, cyclists and other road vehicles or subjective feelings 
of safety. The results also revealed several negative effects of the speed limiter, including 
increases in travel time, less safe car following behaviour, increased levels of frustration 
and stress and less patience. 
 

Denmark 
Although Sweden, the Netherlands and the United Kingdom have been the most active 
countries to date in examining the potential benefits of ISA, other countries have also 
recently taken an interest in ISA and its potential to reduce crash incidence and severity. 
Aalborg University in Denmark has recently conducted an on-road trial involving ISA 
(Lahrmann, Madsen, & Boroch, 2001). This project was conducted over a period of three 
years from July 1998 to June 2001 and had two objectives: first, to develop an on-board 
unit for a GPS based ISA system; and second, to have this system tested by drivers in order 
to obtain user reactions towards the system and assess how the system influenced the test 
drivers’ speed patterns. The project utilized an advisory ISA system and GPS/digital map 
technology that consisted of a display located on the dashboard that showed the local speed 
limit. If the vehicle exceeded the posted speed limit by more than 5 km/h, the system 
responded with an auditory prompt that said, “50 (or the local speed limit), you are driving 
too fast”. At the same time the visual display flashed and a red LED lit up. A total of 24 
drivers participated in the trial and drove for a period of six weeks within the municipality 
of Aalborg. For the first two weeks, the ISA system was not active (the “before” period) 
and for the last four weeks both the visual display and the auditory message were issuing 
warnings (the “test” period). Measurements were taken of the drivers’ speed limit 
violations and their attitudes to and acceptance of the system were assessed by 
questionnaires administered before and after experiencing the ISA system.   

Drivers reported that the system was very reliable and rarely displayed an incorrect speed 
limit. The speed data indicated that mean speeds reduced during the test period compared 
to the before period. Only two test drivers, who frequently violated the speed limits in the 
before period, did not reduce their speed during the test period. There was also a clear 
decline in speed violations in the test period, falling from 9-13 km/h over the speed limit to 
4-7 km/h, a speed reduction of 5-6 km/h. Thus, even though drivers still violated the speed 
limit, the amount by which the limit was exceeded did decline with use of the ISA system. 
Results from the acceptability data revealed that 75 percent of the test drivers held positive 
attitudes towards ISA as a speed-monitoring device. The other 25 percent recognised that 
the system had an impact, but claimed they disliked having the system in their own car. 
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The drivers were also very positive about the visual display of the speed limit, claiming it 
was a highly useful function. The drivers were less positive regarding the auditory 
message, however the majority of them did lower their speed as a result of the warning. 
The majority of the drivers also reported that their lower speeds when using ISA did not 
lead to significantly longer travel times. However, when the drivers were busy, many of 
them responded by increasing their speed. Overall, the authors concluded that ISA appears 
to be an effective method to lower speed and reduce speed violations (Lahrmann et al., 
2001).  

Finland 
Another recent field trial involving ISA was conducted in Finland (Päätalo, Peltola & 
Kallio, 2002). An instrumented car was equipped with a GPS receiver, a route navigation 
system and three ISA systems: an ‘informative system’, a ‘compulsory system’ and a 
‘recording system’. The informative system provided information regarding the current 
speed limit on a visual display and issued a voice signal saying “Speed Offence” if the 
vehicle exceeded the speed limit. The compulsory system limited the maximum speed of 
the vehicle to the posted limit by activating a block on the accelerator once the vehicle 
reached the speed limit. Finally, the recording system displayed the percentage of the total 
driving time that was spent speeding on the visual display. The route guidance system 
directed the drivers through the test route by displaying arrows before an intersection. No 
speed limit information was presented when only the route guidance system was operating.  

A total of 24 participants drove the instrumented car along a 17.6 km test route on four 
separate occasions. On one occasion only the route guidance system was operating and on 
the other three occasions the drivers experienced each of the ISA systems. The order in 
which the drivers experienced these systems was counterbalanced across drivers in order to 
minimise practice effects. Data on driving speeds were obtained, as were measurements of 
driver workload and acceptance. The results revealed that the test drivers spent less time 
speeding when driving with one of the ISA systems operating and this reduction was most 
pronounced for the compulsory system (6.7 km/h). Moreover, the greatest reductions in 
speed occurred in 40 km/h and 80 km/h speed zones. Results from the workload data 
revealed that drivers found driving with the compulsory system most demanding with 
regard to required attention and concentration. Drivers also felt increased time pressure, 
frustration and insecurity with the compulsory system and reported that they felt that this 
system was very irritating and even dangerous. On a more positive note, the drivers 
reported that the information about the current speed limit was very useful. The authors 
concluded that while the compulsory system seemed to be the most effective means of 
speed reduction out of the three systems, it was this system that was rated as least 
acceptable by the drivers (Päätalo et al., 2002).  

3.2.1.b.2 Simulator Studies 
 
United Kingdom 
As part of the MASTER Project, Várhelyi et al. (1998) evaluated several variants of ISA in 
an advanced driving simulator located at the University of Leeds in the UK. The primary 
aim of the experiment was to evaluate the possible positive and negative effects of speed 
limiting devices in terms of speed behaviour, travel time changes, traffic violation, and 
driver workload and acceptance. As in the MASTER field trials describe earlier, two speed 
limiting systems, a ‘fixed’ and a ‘dynamic’ system, were evaluated against an advisory 
speed alerting system and a baseline control under identical traffic and road conditions. 
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The fixed system, automatically limited vehicle speed to the posted speed limit, while the 
dynamic system further reduced vehicle speed in hazardous situations, such as in poor 
weather conditions or around sharp curves. The ‘advisory’ alerting system provided drivers 
with a continual reminder of the current speed limit and any hazardous conditions ahead 
via an in-car display. A total of 60 participants drove along a 25 kilometre simulated road 
network consisting of urban, rural and motorway environments with one of the three speed 
control systems or no system (control group) operating. Speed measurements were taken 
every 10 metres and data on time headway, overtaking, traffic light violations and collision 
measures were recorded. Subjective measures of driver workload were taken to monitor 
the possibility of cognitive overload or underload as a result of the system, and an 
acceptability questionnaire was administered to determine driver attitudes towards the 
systems. The results revealed several safety benefits of the limiting systems including an 
approximately 8 km/h reduction in average speeds and a 3 to 4 km/h reduction in speed 
variance and better speed adaptation in hazardous situations, such as approaching curves. 
In addition, the advisory ISA system performed well, reducing mean speeds by around 3 
km/h. However, a number of negative effects of the speed limiting systems were also 
observed, such as a higher incidence of short time headways (less than 1 second) and 
delayed braking and loss of vigilance while driving in fog. Results from the subjective 
measurements revealed that perceived mental workload did not differ across the types of 
speed control systems. However, drivers did indicate that the advisory alerting system was 
more acceptable than the fixed and dynamic limiting systems (Várhelyi et al., 1998). 

A more recent simulator study involving ISA was carried out at the University of Leeds as 
part of the External Vehicle Speed Control (EVSC) Project (Comte, 2000). The simulator 
trial aimed to evaluate driver behaviour when using three ISA systems: Driver Select, 
Mandatory and Variable ISA. The Driver Select system allowed drivers to choose whether 
or not to engage the ISA system and be limited to the advised speed limit. At each speed 
limit change, the in-car display, showing the current speed limit, was updated and an 
auditory prompt given. If the drivers chose to override the limiting system or ignore the 
auditory prompts, then the system acted as an advisory system only. The Mandatory 
system permanently limited the maximum speed of the car to the speed limit of the road. 
Drivers could not disengage the ISA system and thus were not able to exceed the speed 
limit. The Variable system operated in the same way as the Mandatory system, but speed 
was further decreased in hazardous situations (e.g., curves). A total of 40 participants took 
part in the trial. Each participant drove along a 22 mile simulated road network, which 
included sections of urban, Rural and motorway roads on four different occasions. Thirty 
of the participants first drove the route without an ISA system operating and on the other 
three occasions with one of the three ISA systems active. The other 10 participants drove 
the route four times with the systems disengaged and acted as the control group. The 
results suggest that the speed control systems had little impact on mean speeds, however 
they did reduce maximum speeds and this was particularly pronounced for the Mandatory 
system. Several negative behavioural changes were revealed in the trial. When driving with 
a speed control system operating, the drivers tended to accept smaller gaps at junctions and 
adopted shorter headways when following a slow lead car in both Rural and urban areas.  
The subjective mental workload data also suggested that drivers perceived greater time 
pressure and increased frustration when driving with the ISA systems and that they 
accepted the Driver Select system over the other two systems (Comte, 2000). 

Another simulator study by Comte (1996) provides some information about the effects of 
ISA on the driving performance of younger and older drivers. The study was carried out 
using the Advanced Driving Simulator located at Leeds University and examined the effect 
of an ISA limiting system on following behaviour, gap acceptance, traffic violations and 
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subjective mental workload. A total of 30 participants, aged 23 to 57 years, participated in 
four experimental trials: two without the speed limiter active and two with the speed 
limiter activated in the simulator. The overall results revealed that when driving with the 
speed limiter activated, the participants drove at lower speeds, adopted longer headways, 
made fewer red light violations and reported that they felt that their driving performance 
had improved and less physical effort was required to drive. However, the participants did 
display a number of compensatory behaviours, such as risky gap acceptance behaviour and 
delayed braking and reported that they felt increased frustration and time pressure. A 
number of differences in driving performance were also observed between the younger and 
older drivers when the speed limiter was activated. In particular, for drivers aged less than 
35 years, there was a substantial reduction in their approach speeds at intersections when 
the speed limiter was active. For drivers aged above 35 years, however, their approach 
speeds at intersections reduced only slightly when the speed limiter was active. Drivers 
aged above 35 years also accepted significantly smaller gaps, when they were speed 
limited, than drivers aged less than 35 years, although this result was only evident for male 
drivers. 

Focus Group Research  
A study by Regan, Mitsopoulos, Haworth and Young (2002) provides some insight into the 
acceptability of ISA alerting and limiting systems to drivers from different age groups. 
Regan and colleagues used a focus group methodology to examine Victorian car drivers’ 
perceived acceptability of several ITS technologies, including ISA alerting and limiting 
systems. Acceptability, in this study, was defined as containing 5 key constructs: 
Effectiveness (does the system do what it is supposed to do); Usefulness (is the system 
useful); usability (is the system easy to use); Affordability (is the system affordable); and 
Social Acceptability (includes global social issues such as the amount of control the 
systems should have). The participants had no prior experience with the ITS technologies. 
Two focus groups were held to discuss the acceptability of the ISA systems, one 
containing seven 18 to 25 year old drivers and the other comprising six 25 to 39 year old 
drivers. Many participants felt that the alerting and limiting intelligent speed adaptation 
systems would be effective, particularly for those drivers who inadvertently exceed the 
speed limit. They felt it would not be effective, however, for those drivers who 
intentionally speed. Participants also indicated that, to be acceptable, the speed limit 
information provided must coincide exactly with posted speed limits, the speed limiting 
system must be able to be over-ridden and there must be evidence that the system saves 
lives. Over-reliance on the system was cited as one potential drawback of system use, 
particularly by the younger drivers.  
 
Another focus group study by Young, Regan and Mitsopoulos (2004) also examined the 
acceptability of several ITS technologies, including ISA, to young novice drivers from the 
Australian state of New South Wales. This study adopted the same definition of 
acceptability used by Regan, Mitsopoulos, Haworth and Young (2002). Two focus groups 
were held, one in Sydney and one in the rural city of Wagga Wagga, to discuss the 
acceptability of ISA alerting and limiting systems to 13 drivers aged 17 to 25 years. The 
participants had no prior experience with the ISA systems. Participants received verbal and 
visual descriptions of the operation of the ISA systems during the focus groups and then 
discussed their perceived acceptability. The participants were reluctant to embrace ISA 
systems, particularly ISA limiting systems, as they felt that the system could be dangerous 
if it prevented drivers from accelerating out of a dangerous situation. Consistent with the 
results of Regan et al., the current participants were also concerned that young drivers may 
become over-reliant on the systems and no longer monitor their speed for themselves, and 
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that the warnings issued by the system may distract drivers. To be acceptable, the 
participants stated that the speed limit information provided by the ISA systems must 
coincide exactly with posted speed limits, that drivers should be able to engage and 
disengage the systems as desired, and that the system must be easy and inexpensive to 
maintain. 
 

3.2.1.c ISA Summary 
Based on the research conducted to date, speed alerting systems appear to have a number 
of positive safety benefits, including a reduction of approximately 5 km/h in mean speeds, 
as well as a reduction in speed variance and speed violations (Brookhuis & de Waard, 
1999; Hjälmdahl et al., 2002; Lahrmann et al., 2001; Sundberg, 2001; Várhelyi, et al., 
2002). It is estimated that such reductions in speeding will lead to a substantial decrease in 
the incidence and severity of road accidents, as well as a reduction in fuel consumption 
(Carsten and Tate, 2001; Regan, Oxley et al., 2001). Feedback obtained from test drivers in 
a number of trials also revealed that driving a vehicle equipped with a speed alerting 
system, particularly the actively supporting variant, leads to an increased awareness of 
current speed limits and makes it easier to adhere to these speed limits, particularly on low-
speed roads (e.g., 30 km/h) (Sundberg, 2001; Vägverket, 2003b). Moreover, despite the 
lower average speeds, there is little evidence that drivers engage in compensatory 
behaviours such as running red lights and inappropriate speeds at intersections and around 
bends. Driver acceptance of both actively supporting and informative ISA systems is 
generally quite high, with the majority of test drivers reporting a favourable attitude 
towards the system. Continuous visual feedback of the current speed limit on the in-vehicle 
display also appears to be consistently well received by test drivers. There is no evidence 
to suggest that use of speed alerting systems increases cognitive workload or distracts the 
driver. However, although not found in all studies, there is evidence that the informative 
and actively supporting ISA systems can lead to a decrease in driving pleasure, increased 
frustration at lower speeds and increases in travel times, while actively supporting systems 
can also increase the pressure imposed by other motorists to drive faster (Biding & Lind, 
2002; Sundberg, 2001; Vägverket, 2003b).  

 

3.2.2 Following Distance and Collision Avoidance Warning Systems 

Rear-end collisions constitute a major proportion of all police-reported road crashes. In 
2001, the US National Highway Traffic Safety Administration’s (NHTSA) General 
Estimates System estimated that there were 1.9 million police-reported rear-end crashes in 
the US, which constituted approximately 30 percent of all reported crashes (Sullivan & 
Flannagan, 2003). Many rear-end crashes are believed to be the result of one or both of two 
principle factors: driver inattention and following a lead vehicle too closely (Knipling, 
Wang & Yin, 1993). Knipling and colleagues found that driver inattention, whereby 
drivers failed to perceive and/or react to a lead vehicle’s actions, was the primary 
contributing factor in 66.3 percent of all rear-end crashes examined. Following too closely 
was found to be the primary contributing factor in only 7.1 percent of rear-end crashes. 
Indeed, the vast majority of the rear-end crashes examined (70 percent) involved a vehicle, 
which was travelling straight, hitting the rear of a stationary lead vehicle, whereas vehicles 
hitting a slower moving lead vehicle accounted for 30 percent of the rear-end crashes 
(Knipling et al., 1993). A number of researchers (Fairclough, May & Carter, 1997; 
Knipling et al., 1993) have indicated that the use of in-vehicle collision warning and 
avoidance systems could significantly reduce the incidence of rear-end crashes.  
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3.2.2.a What are In-vehicle Collision Avoidance and Headway Warning systems? 
Rear-Collison warning devices are designed to monitor time headway between vehicles 
and either alert the driver about an impending collision (Forward Collision Warning) or 
assist the driver to maintain an appropriate distance from the lead vehicle by issuing visual 
and/or auditory alerts when drivers reach an unsafe following distance (Following Distance 
Warning). Time headway is defined as the distance in metres from a vehicle ahead divided 
by speed in metres per second. 

Forward Collision Warning (FCW) systems are designed to warn the driver if he or she is 
likely to collide with an object in front by activating visual and audible alerts. The systems 
determine the distance and relative speed between the host vehicle and vehicles or objects 
in front, usually by means of active laser radar or millimetre wave radar. If a vehicle or 
object in front of the host vehicles is detected to be travelling slower than the vehicle or is 
stationary, the system warns the driver through visual and/or auditory alerts. An extension 
of FCW systems is the Forward Collision Warning and Avoidance (FCWA) system, 
which, in addition to providing alerts if a collision is imminent, automatically applies the 
vehicle’s brakes if the driver’s response is insufficient to avoid the collision.  
 
Following Distance Warning (FDW) systems continuously monitor the time headway 
between the host vehicle and a lead vehicle and issue visual and auditory alerts if the driver 
exceeds a safe following distance. In Australia and other countries, the recommended safe 
headway or ‘gap’ to maintain from a lead vehicle is at least two seconds under ideal 
conditions (e.g., when the weather and road conditions are good). The systems usually 
utilise radar or laser signals to establish the time headway between the host vehicle and the 
vehicle ahead.  
 

3.2.2.b Research on Following Distance and Collision Avoidance Systems 
A number of on-road and simulation studies have examined the potential safety benefits of 
FDW and FCW technologies and their influence, both positive and negative, on driving 
performance. These studies are reviewed below. 

3.2.2.b.1 On-Road Studies 
 
A number of small-scale field trials of FDW and FCW systems have been conducted 
overseas, particularly in Israel. These on-road trials are discussed below. 

Research indicates that drivers often over-estimate the distance between their vehicle and 
the vehicle ahead and tend to adopt unsafe headways (Stone & Billingsley, 1999; Taieb-
Maimon & Shinar, 2001). A study conducted by Taieb-Maimon and Shinar (2001) for 
example, examined the headways adopted by drivers in car following situations and 
drivers’ ability to estimate their headways at various speeds. They found that throughout 
the study, the average minimum headway that the drivers adopted was 0.66 seconds and 
none of the drivers adopted a time headway greater than 1.4 seconds. In regard to drivers’ 
verbal estimates of their headways, it was found that the drivers highly overestimated their 
time headway, reporting that they believed their average time headway to be 2.1 seconds, 
when it was actually 0.66 seconds. Thus, it appears that not only do drivers, at least Israeli 
drivers, tend to adopt very short headways while driving; they also tend to overestimate 
their time headways, believing that they are maintaining a safe headway when they are not. 
Moreover, following behaviour in the absence of headway feedback does not appear to 
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improve with practice, even when the drivers are aware that their following behaviour is 
being monitored.  

In light of the findings that drivers tend to over-estimate the headway distance they are 
travelling at and adopt unsafe following distances, a number of research studies have 
examined the effectiveness of various headway detection and warning devices in 
improving drivers’ following behaviour. A study by Ben-Yaacov and colleagues evaluated 
the effects of a following distance warning system on driver behaviour and headway 
maintenance (Ben-Yaacov, Maltz & Shinar, 2000; 2002). Thirty participants (15 males and 
15 females) drove a vehicle fitted with a laser-based FDW system that measured time 
headway to the lead car and issued an auditory signal to the driver when their time 
headway decreased below 1 second. Participants were instructed to adopt a 1 second time 
headway from the lead vehicle in each of four trials. Participants first drove for 20 
kilometres along a 3-lane highway without any FDW warnings active to collect baseline 
driving performance data.  The second trial contained a 70-kilometre drive and during this 
time the FDW system warning was active. For this second trial, participants were assigned 
to one of three conditions which varied in terms of the reliability level of the FDW system 
to which they were exposed:  60%, 80% and 95%. In each of these conditions, the FDW 
system was set to provide false warnings on 5, 10 or 20 occasions, respectively, during the 
trial. In the third trial, participants completed a 20-kilometre drive with the warning signal 
again disengaged. The fourth trial of the experiment was conducted 6 months after the 
participants completed the first three trials and required drivers to drive a 20-kilometre 
route in the same vehicle and under the same conditions as the previous trials. The FDW 
system warnings were disengaged for the fourth trial.  

The results revealed that, in the first trial, where drivers were not exposed to FDW 
warnings, drivers spent an average of 42.2 percent of their driving time at time headways 
less than one second. In the second (warnings active) and third (warnings muted) trials, the 
drivers spent only 3.5 percent and 6.5 percent of time driving at headways below 1 second. 
Interestingly, in the fourth trial (6 months later), the drivers still spent a significantly 
smaller proportion of time (10.4 percent) driving at headways less than 1 second compared 
to the first trial, suggesting that the positive effects of the FDW system on headway 
maintenance remained up to six months after exposure to the system. The findings also 
revealed that the reliability of the FDW did not reduce the effectiveness of the system in 
positively influencing headway maintenance. The authors concluded that drivers’ 
following behaviour could be improved substantially with the use of a FDW device and 
that this device does not have to be 100 percent reliable to confer these safety benefits.  

A more recent study by Shinar and Schechtman (2002) examined the effects of a headway 
measuring and warning device on drivers’ car following behaviour over a longer exposure 
period. Forty-three drivers in their study each drove an instrumented vehicle for 3 weeks 
without receiving any headway feedback and then for a further 3 weeks while receiving 
headway feedback from the system. The headway system first issued a visual warning (red 
light) when time headway fell below 1.2 seconds, and an auditory warning when headways 
decreased below 0.8 seconds. When the headway system was active, drivers spent 25 
percent less time driving at headways less than 0.8 seconds and 14 percent more time 
maintaining headways above 1.2 seconds, compared to before the headway system was 
active. This pattern of results was similar for both younger and older drivers, males and 
females and across different driving conditions.  

The design of the driver interface of headway maintenance and warning systems is an 
important human factors issue that can influence the effectiveness of these devices in 
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increasing headways. In a research program carried out by Dingus and colleagues (1997), 
three on-road studies were conducted to determine the relative effectiveness of several 
headway maintenance and collision warning display designs on improving drivers’ 
following behaviour (Dingus, McGehee, Manakkal, Jahns, Carney and Hankey, 1997). The 
following distance display formats that were assessed during the studies were a visual 
perspective car icon display, visual perspective ladder display (visual or auditory only, or 
both combined), visual blinking blocks display (blinking orange or red depending on 
headway distance), and digital display depicting headway in feet. Each of the headway 
systems was assessed during coupled headway and braking events. Results indicated that 
when drivers were provided with relevant visual information regarding safe headways, 
particularly in the form of graded headway warnings, they utilised this information and 
increased their headways if the headway system indicated that they were following too 
closely.  The warning system, which provided imminent headway warning information 
only (e.g., blinking block display), was less effective at increasing drivers’ headways. The 
auditory warnings were also found to be less effective than visual warnings for increasing 
headways, but were effective in improving reaction time during the braking events. The 
participants, particularly older participants, appeared to be insensitive to false alarm rates, 
at least during short-term use of the systems in this study. Overall, the authors found that 
the combination visual/auditory display, which provided graded headway warnings, was 
the most effective of the interfaces examined, with headway maintenance increasing by as 
much as 0.5 second when this interface was used. The authors recommended that a study 
investigating the long-term effects of such displays on behaviour be carried out in 
naturalistic settings to further establish the effectiveness and acceptability of headway 
warning systems on following behaviour.   

Research conducted in the United Kingdom on a combination graduated visual/auditory 
headway warning system also provides evidence that this interface design significantly 
improves following behaviour. Fairclough, May and Carter (1997) examined the impact on 
following behaviour of a continuous headway feedback system that provided a three-stage 
graded visual warning coupled with an auditory warning which sounded if headways 
reduced below 1 second. Participants took part in four, 30 minute testing sessions, whereby 
they drove along a 3-way motorway with the following distance system active. The 
presence of the warning device reduced the amount of time that drivers spent at headways 
below 1 second and this effect was particularly pronounced for drivers who habitually 
followed at short time headways. The authors concluded that, given that the effect of the 
warning device was restricted to reducing headways around 1 second, the auditory tone 
was primarily responsible for the changes in following behaviour.  

3.2.2.b.2 Simulator Studies 
 
A simulator study conducted by Ward and Beusmans (1998) evaluated two graphical 
displays designed to convey the accident risk associated with current driving behaviour. 
One of the displays depicted risk probability in terms of a safety margin (Time Headway: 
TH), and the second display showed accident severity in terms of Kinetic Energy (KE). 
Twenty-seven subjects were randomly allocated to one of three experimental conditions: 
control, TH and KE conditions. Each driver completed three driving trials.  In the first and 
third trials the display was not active. In the second trial, participants drove in the presence 
of their assigned feedback displays.  Measures of time headway and KE levels were taken, 
as well as subjective measures of risk and mental workload. It was found that both displays 
were effective, although the KE display was more effective than the TH display in 
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reducing the proportion of time subjects spent at short headways. The KE display was also 
effective in reducing the proportion of time subjects spent at high speed. 
 
In a more recent simulation study, Maltz and Shinar (2004) examined the effects on 
following behaviour of an in-vehicle following distance warning system that had varying 
levels of reliability. A total of 135 drivers drove along simulated roadways and received 
alerts when their headway from the lead vehicle reduced below 2 seconds. The headway 
alert interface varied throughout the trial from a visual interface, auditory interface and a 
multimodal interface. The reliability of the system also varied in terms of the number of 
false alarms and warning failures received. Results indicated that the use of the headway 
warning system decreased the percentage of driving time that the drivers spent at short 
time headways (less than 2 seconds). The number of warning failures received did not 
influence driving behaviour, however drivers who received a high number of false warning 
alerts tended to slow down unnecessarily in response to the warnings. Acceptability of the 
warning system varied according to interface type, with drivers preferring the multimodal 
(visual and auditory) interface to the visual or auditory only interfaces.  

3.2.2.c Following Distance Warning Summary 
Based on the research reviewed, following distance detection and warning systems appear 
to improve following behaviour by decreasing the amount of time that drivers spend 
driving at short time headways. Moreover, the findings suggest that the reliability of the 
following distance warning systems does not adversely affect the effectiveness of these 
systems in positively influencing headway maintenance. It has been found, however, that 
the design of the driver interface for headway maintenance and warning systems can 
influence the effectiveness of these devices in increasing headways. Research on these 
devices has generally revealed that a graded multimodal, visual and auditory display is the 
most effective and acceptable interface design for headway warning systems.  

3.2.3 Seat Belt Reminder Systems 

In 1972, legislation was passed making it compulsory to wear a seat belt while travelling in 
a motor vehicle anywhere in Australia. This legislation had an immediate and lasting effect 
on seat belt use, with Australia currently having one of the highest seat-belt usage rates of 
any jurisdiction in the world. In Victoria alone, approximately 97 percent of drivers are 
restrained overall and front passengers have only slightly lower wearing rates. The 
corresponding rate for rear seat occupants is about 85 percent (ARUP, 1995).  
 
Although Australia has one of the highest seat belt usage rates in the world, approximately 
one in five vehicle occupants who die on Victorian roads is not wearing a seat belt at the 
time of the crash (Regan, Oxley et al., 2001; VicRoads, 1998). Seat belts are known to be 
very effective in substantially reducing the incidence of fatalities and serious injuries 
resulting from vehicle crashes (Evans, 1996). In-vehicle technologies, such as seat belt 
reminders and interlocks, can play an important role in enhancing the safety of vehicle 
occupants by ensuring that they can benefit from the protective value of seat belts in the 
event of a crash (Turbell & Larsson, 1998). In recognition of this safety benefit, several 
vehicle manufacturers have or are currently developing a range of seat belt reminder and 
interlock systems.  
 
Seatbelt interlock systems are connected to one or more seats that contain sensors both 
within the seats and in the belt assembly. These sensors determine whether any occupant in 
the vehicle is unrestrained and, if so, the vehicle ignition is disabled. An early seat belt 
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interlock system was introduced in the US from 1973 to 1975. Although this system was 
found to improve seat belt wearing rates, there was a negative public reaction to the 
system, because consumers felt that it restricted their personal freedom and that it was 
unsophisticated and difficult to use (Regan, Oxley et al., 2001).  As a result of this, vehicle 
manufacturers have since focused on developing the less aggressive seat belt reminder 
systems. Seat belt reminder systems contain sensors in the seats and in the belt assembly to 
determine whether or not any occupant in the vehicle is wearing a seat belt.  If any 
occupant is detected in a seat and is not wearing a seat belt whilst the vehicle is travelling 
above a certain minimum speed, visual and auditory warnings are issued and these 
warnings typically increase in intensity the faster the vehicle travels whilst the occupant is 
unrestrained. 
 

3.2.3.a Research on Seat Belt Reminder Systems 
 
Several Australian and overseas studies have examined the acceptability of seat belt 
reminder systems to drivers and the effectiveness of these systems in improving seat belt 
wearing rates. This research is reviewed below.  
 
Bylund and Björnstig (2001) recently evaluated the effectiveness of several different seat 
belt reminder systems on seat belt usage rates in Sweden. Ambulance personnel observed 
and documented the use of seat belts while attending to vehicle occupants injured in a 
motor vehicle crash. The car manufacturer’s general agents identified the type of seat belt 
reminder system in each crash vehicle at a later date. The different systems were allocated 
into four categories: reminder systems with a light and sound signal, reminder systems 
with only a light signal, unknown reminder system and no reminder system. During the 
course of the study, the ambulance personnel reported that, of the 477 injured car drivers 
included in the sample, approximately 20 percent of these were unbelted at the time of the 
crash. The findings also revealed that the non-users of seat belts were typically young male 
drivers, who were driving at night and were often under the influence of alcohol or drugs. 
In regard to the effectiveness of different seat belt reminder systems, the seat belt non-
usage rate in vehicles with a reminder system consisting of both a light and sound signal 
(12%) was significantly lower than the non-usage rate in vehicles without a reminder 
system (23%). Also, the seat belt non-usage rate was the approximately the same for those 
in vehicles equipped with only a light signal reminder (22%) as those in vehicles without a 
reminder system (23%). The authors suggested that a seat belt reminder system, which 
consists of both a light and sound signal, would be effective in increasing seat belt wearing 
rates and thus reducing the number of fatal and serious injuries experienced by car 
occupants. 
 
Research conducted by Williams and Farmer (2002) examined the effectiveness of the seat 
belt reminder system equipped to several Ford vehicles in increasing seat belt wearing 
rates. They used an observers survey to compare drivers’ use of seatbelts in Ford vehicle 
models fitted with the reminder system and those Ford vehicles not equipped with a seat 
belt reminder system.  Drivers’ seat belt usage was observed as they brought their vehicle 
in for service at several dealerships located in Tulsa and Oklahoma City in the US. The 
findings indicated that seat belt wearing rates were significantly higher for drivers of 
vehicles with the seat belt reminder system (76%) than for drivers with vehicles not 
equipped with a reminder system (71%). The authors reported that these results indicate 
that Ford’s reminder system is moderately effective in increasing seat belt wearing rates 
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and that this positive effect is likely to increase as more vehicles are fitted with reminder 
systems. 
 
A recent Australian study examined whether an aggressive seat belt reminder would be 
cost beneficial for new vehicles in Australia (Fildes, Fitzharris, Koppel & Vulcan, 2002). 
The benefits of seat belt reminder systems were computed using the HARM Reduction 
method for three design options (simple-1, simple-2 and complex) and three introduction 
scenarios (driver-only, front seat occupants and all occupants). The simple-1 system 
included a simple flashing light and warning tone, while the simple-2 system was identical 
to the simple-1 system but the warnings increased in intensity as speeds increased. Finally, 
the complex system consisted of a two-stage warning where the hazard lights flash after a 
preset period of non-use or speed threshold. Four levels of effectiveness were assumed: 
10% for the simple-1 system, 20% for the simple-2 and 40% for the complex system. Unit 
benefits were calculated for 4%, 5% and 7% discount rates, and for fleet life periods of 15 
and 25 years. The findings revealed that the Benefit-Cost-Ratios ranged from 5.1:1 (simple 
device for the driver only) to 0.7:1 (simple device for all passengers) depending on the type 
of device fitted, its assumed effectiveness, the discount rate, and the fleet life. The authors 
suggested that a simple seat belt reminder system (flashing light and warning tone) might 
not be effective in increasing seat usage rates given the high level of seat belt wearing rates 
that currently exist in Australia and suggest that a more aggressive unit (e.g., the complex 
system) that embarrasses non-wearers may be required. In a more recent study, Fildes and 
colleagues (2004) also examined the benefits of retrofitting seat belt reminder systems to 
older vehicle models (up to ten years of age). The findings from this study suggest that 
retrofitting seatbelt reminder systems would also be cost beneficial for Australia in the 
longer term.  
 
Regan, Oxley et al. (2001) suggested that acceptability is one of the most important issues 
in the introduction of seat belt reminder systems, claiming that their effect on behaviour is 
likely to be strongly related to the extent to which they are accepted. Numerous studies 
have examined the acceptability of seat belt reminder systems and this research has shown 
that reminder systems are likely to be deemed acceptable to the majority of drivers, 
particularly Australian drivers, as they are committed to the use of seat belts.  
 
In a study examining attitudes towards seat-belt reminder systems, Harrison, Senserrick 
and Tingvall (2000) found a positive attitude among Australian road users towards seat 
belt reminder systems. Participants in the study generally acknowledged that the 
technology would help car occupants develop better seat-belt wearing habits, primarily 
because drivers would wear their seat-belts to avoid the annoying tones. However, the 
participants did raise a number of concerns about the introduction of a reminder system 
including concerns about the potential impact of these devices on the price of vehicles, the 
reliability of the system, and the volume of the warning tone in terms of its ability to 
capture attention of car occupants without interfering with the driving task.  

A more recent Australian study found that young novice drivers also held positive attitudes 
towards the seat belt reminder, but not towards interlock systems (Young et al., 2003). 
Drivers’ attitudes to, and acceptance of, several in-vehicle ITS technologies, including seat 
belt reminder and interlock systems, were examined in a series of focus groups. The 
participants held positive attitudes towards the seat belt reminder system and claimed that 
it would be useful for parents and as a reminder for those people who sometimes forget to 
buckle up. The participants did however mention that the system would need to be reliable, 
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inexpensive and ergonomically designed in order to be fully acceptable. The participants 
did not feel that a seat belt interlock system would be acceptable under any conditions.  

Research in Sweden by Turbell and Larsson (1998) also found similar favourable attitudes 
to seat belt reminder systems among groups of Swedish road users. In the US, consumers 
also hold favourable attitudes towards the seat belt reminder system equipped to late model 
Ford vehicles (Williams & Wells, 2003). In order to assess customer acceptability of the 
seat belt reminder system equipped to Ford vehicles, personal interviews were conducted 
with 405 drivers of Ford vehicles equipped with the reminder system. Of these drivers, 67 
percent reported that they had activated the seat belt reminder system and 73 percent of 
these claimed that they buckled up in response to these warnings. In addition, 78 percent of 
the drivers reported that they liked the system and that they would want a similar reminder 
system equipped to their future vehicles. Only 5 percent of the drivers had disengaged the 
system and only 2 percent said that the system had decreased their seat belt usage rates.  

3.2.3.b Seat Belt Reminder Summary 
Overall, it appears that seat-belt reminder and interlock systems are generally effective in 
increasing the seat belt wearing rates of vehicle occupants, thereby reducing the chance of 
sustaining fatal or serious injuries in crashes. Reminder systems are typically deemed 
acceptable by car drivers both in Australia and overseas, suggesting that the majority of 
occupants are likely to comply with the system warnings. However, seat belt interlock 
systems do not appear to be well received by drivers. 

3.2.4 Reverse Collision Warning Systems 

Backing crashes account for approximately 2.8 percent of all police-reported crashes. In 
the US during 1990, there were 182,000 police-reported backing crashes, resulting in 185 
fatalities (Tijerina, Hendricks, Pierowicz, Everson & Kiger, 1993). An analysis of backing 
crashes by Tijerina et al. revealed two distinct categories of backing crashes: encroachment 
and crossing-path crashes. Encroachment backing crashes involve a slow moving reversing 
vehicle colliding with a stationary or slowly moving pedestrian, object, or vehicle. In 
crossing path backing crashes the backing vehicle (such as a vehicle reversing from a 
driveway) strikes, or is struck by, a moving vehicle.  In the United States, encroachment 
crashes account for about 43 percent of backing crashes, while crossing path crashes 
account for 57 percent (Dingus et al., 1998).   

Reverse collision warning systems provide a promising approach to preventing 
encroachment backing crashes by use of proximity detection sensors that detect and warn 
the driver of slow moving or stationary objects, vehicles or pedestrians in the path of the 
reversing vehicle. In contrast however, crossing path backing crashes are more difficult to 
address with proximity detection devices or other vehicle-based countermeasures, as 
detection of the crossing-path vehicle requires more sophisticated sensors and data 
processing and poses more complex driver human factors issues. As a result, most of the 
research and development work conducted on backing crashes to date has been directed 
towards preventing encroachment backing crashes (Dingus et al., 1998; Regan, Oxley et 
al., 2001).   

A number of reverse collision warning systems are currently available on the market.   
These systems typically comprise ultrasound, radar or laser-based rear-mounted sensors 
which are used to detect objects in the backing vehicles path. The range for most systems 
is typically 15 feet, although the range is less for relatively small and irregular shaped 
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targets such as pedestrians or animals (Paine & Henderson, 2001; Tijerina et al., 1993). 
Greater ranges can be achieved; however, this comes at the cost of a higher false alarm 
rate. 

Research examining reverse collision warning systems has generally focused on evaluating 
the most appropriate warning characteristics to present to drivers. Harpster, Huey, Lerner 
and Steinberg (1996) conducted three experiments to evaluate the most appropriate and 
informative acoustic warning signals to provide to drivers to alert them that an object was 
in close proximity to the rear of the vehicle while reversing. The research focused on 
acoustic warnings only, as these are considered more suitable than visual warnings for 
providing reverse collision information. The first experiment examined drivers’ braking 
reaction times in response to warning signals issued by a reverse collision warning system. 
The aim of the experiment was to determine what the latest possible time to issue a 
warning is to prevent a backing accident. Drivers were required to reverse as they normally 
would under naturalistic conditions and during their backing sequence an alarm was 
sounded early, mid-way or late in the backing sequence. The driver’s foot position was 
recorded at the time the alarm sounded and the reaction time to initiate braking and the 
time taken for the vehicle to stop was recorded and compared across different initial foot 
positions (accelerator, brake or neither pedal). The results revealed that the drivers took an 
average of 1.5 seconds (or 4.8 feet) to stop their vehicle after the warning had sounded, and 
this result was consistent across drivers of different ages and genders. Stopping times and 
distances were influenced by the particular backing task, the point at which the signal 
occurred, and the driver’s foot position at the signalling point. Brake reaction times were 
very brief if the foot was already on the brake pedal (0.3 seconds) as opposed to if the foot 
was on the accelerator (0.6 seconds). The drivers also stopped the vehicle fastest when the 
warning was presented late in the backing sequence (1.2 seconds) compared to when 
receiving the warning early (1.5 seconds) or mid-way (1.4 seconds) through the backing 
sequence.  
 
In the second experiment, Harpster et al. (1996) examined drivers’ preferred timing for the 
onset of cautionary and imminent backing warnings when engaging in a backing 
manoeuvre.  This study aimed to determine at what distance from an object drivers expect 
each stage of warning to be issued, so that the onset of each warning is consistent with 
drivers’ perceptions of the urgency of the situation and is deemed valid. The participants 
were asked to make judgments regarding the preferred timing of the two warnings while 
seated in the passenger seat of a real car in a parking garage or in a laboratory watching a 
video screen. In each environment, the participants viewed the vehicle reversing towards a 
dummy and were required to report when they would expect to receive a cautionary 
warning about the presence of the object and an imminent collision warning. In the field 
study, the mean time to collision that the participants expected the imminent alarm was 
1.65 seconds and was fairly constant across different speeds. On the other hand, the 
cautionary warning time varied greatly for the different speeds, ranging from 5.11 seconds 
for 2 mph speeds to 2.89 seconds for 10 mph speeds. This result implies that the imminent 
warnings are predominantly time-based, while cautionary warnings are dependent upon the 
speed. In the laboratory condition, the time to collision at which the participants expected 
the imminent alarm to be issued was higher than in the field condition, with drivers 
expecting the cautionary warning to be issued up to 9 seconds before the collision and the 
imminent warning to be issued up to 4 seconds before collision.  
 
In the third and final experiment, Harpster and colleagues (1996) examined drivers’ 
preferences for a number of different graded acoustic warnings issued during the 
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cautionary alarm phase of the backing warnings. The backing system still consisted of a 
two-stage warning where drivers received cautionary and imminent warnings, but instead 
of having a single cautionary warning, a graded warning was issued during this phase. 
Combinations of four different graded warning rates were compared: constant (loudness, 
pitch and pulse rate remained the same); linear (loudness, pitch and pulse rate increased at 
a linear rate throughout warning sequence); fast rise (loudness, pitch and pulse rate 
increased quickly initially throughout warning sequence then slowed down); and slow rise 
(loudness, pitch and pulse rate initially increased slowly throughout warning sequence and 
then increased). Participants were seated in a laboratory and were required to watch a 
video of a vehicle reversing up to a dummy. During each backing sequence, participants 
heard one of the four graded warnings and were asked to rate these warning types. The 
participants rated the graded warning in which the loudness rose fast, but the pitch and 
pulse rate remained constant the highest. The warning in which loudness, pitch and pulse 
rate remained constant throughout the warning sequence was rated the lowest. Overall, the 
participants rated those warnings in which the loudness of the warnings was varied as more 
useful than those warnings in which only the pitch or pulse rate varied. The authors 
concluded that the most appropriate graded warning sequence to use in backing warning 
systems to indicate distance or time to collision is one in which the loudness of the 
warnings is varied either in a linear or rapidly increasing manner.  
 
As discussed earlier, the reverse collision warning systems that have been developed to 
date have generally been designed as parking aids and their ability to effectively detect 
small, irregular shaped and moving objects such as pedestrians is not clear. Recent 
research by Paine and Henderson (2001) examined the effectiveness of existing reverse 
collision warning systems in detecting pedestrians and, in particular, small children. They 
found that existing proximity detectors have a detection range of between one and three 
metres, which is too short a distance to be able to provide adequate warning to drivers that 
a small child is in the path of the reversing vehicle. They did find, however, that a video 
camera system had the potential to provide drivers with a sufficient view behind the 
vehicle except for locations very close to the rear of the vehicle and suggested that a 
combination of a video camera system and a short-range proximity detector would be able 
to detect objects and pedestrians in the critical blinds spots behind vehicles.  
 
Although research exists on the most appropriate design of reverse collision warning 
systems and their warning signals, the authors are unaware of any simulator or on-road 
studies that have examined the human factors and safety-related issues relating to 
prolonged exposure to reverse collision warning systems. 

3.2.4.a Reverse Collision Warning Systems Summary 
 
Backing crashes represent a small proportion of all crashes (about 2.8 percent in the United 
States). A number of reverse collision warning systems that are capable of reducing the 
incidence and severity of encroachment backing crashes (involving slow reversing speeds 
and a stationary or slow moving objects) currently exist on the market. However, systems 
capable of reliably reducing the incidence and severity of crossing path backing crashes in 
which the reversing vehicle collides with a fast moving vehicle are not yet commercially 
available. The authors are unaware of any research that has examined long-term 
behavioural adaptation to existing reverse collision warning systems, although it could be 
expected that complacency and overestimation of the ability of these systems to detect 
hazards could be possible negative effects of their use. 
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3.2.5 Daytime Running Lights 

Failure to see another vehicle has been demonstrated to contribute to a considerable 
proportion of multiple-vehicle and vehicle-pedestrian crashes (Cairney & Catchpole, 
1991). Providing a light source on the vehicle in the form of daytime running lights (DRL) 
increases the chance that the vehicle will be detected sooner than otherwise would be the 
case. DRLs are forward-facing white lights designed to improve the forward conspicuity of 
vehicles to other road users during the day (Paine, 2003). A number of countries in high 
northern latitudes have mandated the use of daytime running lights (DRL) while driving, 
including Scandinavian countries and Canada (Cairney & Styles, 2003). Three main types 
of DRLs are currently used: low-beam headlights that automatically illuminate when the 
ignition is turned on; dimmed high-beam headlights; and dedicated lights that are separate 
to the normal headlight unit. A substantial body of research examining the safety effects of 
DRLs exists. Two recent literature reviews have been conducted on the effects of DRLs 
and their application to Australian conditions (Cairney & Styles, 2003; Paine, 2003). Given 
the existence of these comprehensive reviews, only a brief outline of the major findings in 
relation to the safety benefits of DRLs will be discussed here. Readers are referred to the 
reviews by Cairney and Styles (2003) and Paine (2003) for a more comprehensive 
discussion of the effectiveness of DRLs. 

A large body of evidence demonstrates that DRLs have substantial safety benefits. Studies 
examining the effect of DRLs on visibility and vehicle detection have generally found that 
the use of DRLs increases the probability that a vehicle will be detected by other road users 
when ambient lighting levels are low (Koornstra, Bijleveld & Hagenzieker, 1997). 
Research also shows, however, that if the intensity of the DRLs is too high, it can create 
discomfort and disability glare for other road users (Cairney & Styles, 2003).  
 
A number of studies have also demonstrated that the use of DRLs reduces the incidence of 
day-time crashes, but that the size of the crashes reduction varies considerably across 
different types of DRLs and the lighting conditions of the environment in which the 
vehicle is being driven (Paine, 2003). In 1997, Koornstra and colleagues conducted a 
review of the safety effects of DRLs. The authors re-analysed several DRL studies and 
reported on the accident reductions and latitude effects. The key results to emerge from the 
study were that DRLs improve not only the visibility of vehicles, but also driver reaction 
times and accuracy of estimation of speed and distance. It was also estimated that use of 
DRLs in the European Union would prevent 24.6 percent of fatal multiple-vehicle daytime 
crashes; 20.0 percent of casualty multiple-vehicle daytime crashes; and 12.4 percent of all 
multiple-vehicle daytime crashes. The authors found, however, that the crash reduction 
estimates for DRLs varied according to the latitude. For instance, in mid-latitude counties 
such as the USA and Israel, in which ambient lighting levels are higher, the use of DRLs 
was estimated to have about only one third of the reduction in relevant accidents as that 
expected in Scandinavian countries (Paine, 2003). More recent research has confirmed the 
crash reductions associated with the use of DRL for both vehicle-to-vehicle crashes and 
crashes involving vulnerable road users such as pedestrians and cyclists, although the size 
of the reduction varies across studies. Moreover, this research suggests that the positive 
effect of DRLs does not dissipate over time (Cairney & Styles, 2003).   
 
Research has also shown that the effectiveness of DRLs varies across the different types of 
DRL. Low-beam headlights have been deemed less suitable than other types of DRLs, as 
much of their light is directed at the road surface, making them ineffective on bright days 
and potentially producing confusing reflections on road surfaces. An increased frequency 
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of headlight globe failure has also been associated with this type of DRL (Cairney & 
Styles, 2003; Paine, 2003).  
 
Much of the research on the effectiveness of DRLs has been conducted in high-latitude 
countries where ambient lighting conditions are often low. The safety benefits of DRLs in 
Australia, where the daylight conditions are generally much brighter, are less clear. 
Researchers suggest that dedicated DRLs with 1200 candelas would be the most 
appropriate and effective type of DRL for Australian road and lighting conditions (Cairney 
& Styles, 2003; Paine, 2003). This is because dedicated DRLs direct the light in the 
appropriate direction and, hence, are more energy efficient than low-beam headlights.  
 
A number of studies have estimated the crash reductions that could be expected from the 
use of DRLs in Australia. Paine (2003) estimated upper and lower crash reductions from 
DRLs based on NSW crash data and found that that full implementation of DRL in 
Australia would save between 3 and 11 percent of all non-pedestrian fatal crashes; between 
4 and 15 percent of all non-pedestrian non-fatal crashes; and between 4 and 12 percent of 
all pedestrian fatalities. Using Victorian crash data, Cariney and Styles (2003) estimated 
comparable crash reductions for Victoria. They expected that with the use of DRLs there 
would be a 14.9 percent reduction in fatal daytime crashes; a 12.5 percent reduction in 
serious injury daytime crashes; and a 7.5 percent reduction in other injury crashes.  
 
An on-road study conducted by Poole in 1999 also provides some evidence of the crash 
reduction benefits of DRLs. This study is the only on-road study carried out in Australia to 
date that has examined the safety benefits of DRLs. During the study, DRLs were equipped 
to 80 fleet vehicles based in metropolitan Western Australia. The DRLs consisted of low-
beam headlights that turned on and off automatically with the vehicle ignition. Over a 10 
month period, the crash records of the 80 fleet vehicles was compared to those of a similar 
number of control vehicles that were not equipped with DRLs. Based on a time to crash 
analysis, the DRL-equipped vehicles were found to be 8 times safer than the non-DRL 
equipped vehicles in relation to conspicuity-related crashes and 5 times safer for rear-end 
crashes. These findings are interesting as they demonstrate that even under Australia’s high 
ambient lighting conditions, low-beam headlight DRLs can still effect reductions in the 
frequency of daytime multi-party crashes. Clearly further research is needed to determine 
whether other types of DRLs, which have been advocated as being potentially more 
effective than low-beam DRLs under Australian conditions (e.g., dedicated DRLs), 
produce even greater safety benefits than those found in Poole’s study.  
 

3.2.5.a Daytime Running Lights Summary 
There is a large body of research that demonstrates that DRLs reduce the number of 
daytime multiple-party crashes, although the size of this reduction varies considerably 
across different latitudes and DRL types. Typically, DRLs have been shown to have 
greater safety benefits for high latitude countries, whose ambient lighting levels are low 
(e.g., Scandinavian countries). Despite this, research shows that DRLs could also have 
substantial safety benefits in Australia, particularly if they are designed for Australian 
lighting conditions. The research on DRLs conducted to date however, has focused on the 
effectiveness of DRLs in terms of crash reductions. No research, to the knowledge of the 
authors, has examined in detail, the acceptability of these devices to drivers or how driver 
behaviour might be negatively affected by their use (e.g., increased risk taking). 
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3.3  SAFETY BENEFITS OF IN-VEHICLE ITS - SUMMARY 

The in-vehicle ITS applications reviewed in this chapter all appear to have significant 
potential to reduce crash risk and/or the injury consequences of road crashes. The potential 
safety benefits for these systems have been determined from on-road trials, simulator 
studies and focus group research. While these studies have been undertaken mainly in 
Europe and in North America, the data deriving from them give some indication of the 
likely effects of the various systems in Australia. Many of these studies have been 
conducted since 1999, when the TAC SafeCar study commenced, and the data deriving 
from them confirm that the TAC SafeCar project team was justified in selecting these 
technologies for inclusion in the study. With the exception of the reverse collision warning 
system, the systems reviewed appear to have the potential to significantly reduce road 
trauma and there is evidence that they are acceptable to drivers, even as imperfect systems.  

Notable among the studies reviewed is that, with the exception of the large-scale Swedish 
ISA trials, very few studies have examined the effects of ITS systems on driver behaviour 
over prolonged periods of time. Thus, virtually nothing is currently known about the long-
term behavioural adaptation effects, both positive and negative, of Following Distance 
Warning, Seatbelt Reminder and Reverse Collision warning systems. In addition, the 
research conducted to date has examined the safety benefits of ITS applications in 
isolation. No research study, known to the authors, has examined the interactive effects of 
any of the in-vehicle ITS technologies reviewed here and how the combined use of systems 
affects driving performance and workload levels. The TAC SafeCar study remains the first 
to examine these issues.  
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CHAPTER 4     PHASE 4 ON-ROAD STUDY – AIMS AND 
HYPOTHESES 

 

4.1 PHASE 4 AIMS 

As was demonstrated in the review of the in-vehicle ITS literature contained in Chapter 3, 
little is currently known about the long-term behavioural adaptation effects, both positive 
and negative, of certain classes of ITS. There is also nothing known about the interactive 
effects of the in-vehicle ITS technologies employed in the TAC SafeCar project and how 
the combined use of these systems might affect driving performance and workload levels 
over and above that experienced by interacting with one system alone. The fourth, and 
final, phase of the TAC SafeCar project aimed to evaluate, over an extended period, the 
effects of a suite of in-vehicle ITS applications, in combination and in isolation, on driving 
performance and safety. The overriding aim of the project is to reduce road trauma through 
the use of new in-vehicle technologies. The study also aimed to assess driver attitudes to, 
and acceptance of, these technologies. This was achieved through the conduct of an on-
road trial and a simulator study. The current report focuses on presenting the design and 
outcomes of the Phase 4 on-road trial. The results of the simulator study, which evaluated 
the relative effects of informative and actively supporting ISA systems on driving 
performance, are presented and discussed in a report by Regan et al. (2005).  

4.2 PHASE 4 HYPOTHESES 

The hypotheses tested in Phase 4 of the SafeCar project were derived from the findings of 
previous research on the effects of ISA, Following Distance Warning and Seat Belt 
Reminder systems on driver performance and from theoretical considerations regarding the 
possible effects of ITS applications on driver behaviour and acceptability. The data from 
the reverse collision warning system were not logged during the on-road trial and, thus, the 
effect of this system on driving behaviour was not evaluated. Also, due to the exploratory 
nature of the questionnaires, hypotheses for the subjective data have not been formulated.  

4.2.1 Baseline Driving Behaviour 

Hypothesis 1: It is expected that, due to an increased awareness that their driving is being 
monitored (resulting from the commencement of system messages), there will be an 
improvement in both the treatment and control drivers’ driving behaviour, in terms of 
minor reductions in mean speed and increased time headway, when the Seatbelt Reminder 
and Reverse Collision Warning systems are first activated. 

 

4.2.2 Intelligent Speed Adaptation 

In Victoria, there has been a society-wide reduction in mean speeds of 0.5 to 1 kilometre 
per hour in 60, 70, 80 and 100 km/h zones over the duration of the SafeCar on-road trial 
(March 2003 to March 2005) (VicRoads, 2005). This overall reduction in population mean 
speeds may attenuate the effect of the ISA system on the drivers’ speeds. Nonetheless, 
hypotheses can be drawn about the relative effects of the ISA system on the treatment and 
control drivers’ speeding behaviour. 
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Hypothesis 1: Based on the results of earlier ISA trials, it is expected that mean speed will 
reduce for the treatment drivers when the ISA system is active. It is also expected that this 
reduction in mean speed will remain temporarily when the ISA system is deactivated, but 
that this effect will dissipate over time. 

Hypothesis 2: Generally, mean speeds in Victoria are higher during the day than at night 
(VicRoads, 2005), largely as a consequence of the relatively impoverished visual 
environment. Consequently, it is hypothesized that ISA will have a greater effect in 
reducing the treatment drivers’ mean speed during the day than at night. 

Hypothesis 3: It is also predicted that the younger drivers (aged under 45 years) may drive 
at higher mean speeds than the older drivers (aged over 45 years) and, thus, the ISA system 
will have a greater effect of reducing the mean speed of the younger treatment drivers. This 
prediction cannot be stated more strongly given that none of the “younger” drivers in this 
study fall into the age range normally considered to represent the younger driver group 
(that is, 18 to 25 years). 

Hypothesis 4: It is anticipated that, relative to the treatment drivers, the control drivers will 
demonstrate a small reduction in mean speed over their trial due to the presence of the 
Seatbelt Reminder and Reverse Collision Warning systems and the resultant awareness 
that their driving behaviour is being monitored. 

Hypothesis 5: It is predicted that the treatment drivers’ 85th percentile of speed will reduce 
when the ISA is active, but that this effect will slowly dissipate over time once the ISA 
system is deactivated.  

 Hypothesis 6: Based on the results of previous ISA trials, it is anticipated that the 
treatment drivers will spend a smaller proportion of their driving time at speeds above the 
speed limit when the ISA system is active.  

Hypothesis 7: Based on the results of earlier ISA trials, it is expected that speed variability 
will reduce for the treatment drivers when the ISA system is active. The reduction in speed 
variability is expected to come about through two processes: a reduction in peak or higher 
speeds, and truncation of the upper and lower ends of the speed distribution. The truncation 
of the lower end of the distribution is expected to come about as a result of drivers who 
normally drive well below the speed limit increasing these lower speeds until the ISA 
warnings occur. In effect, this means they will use ISA as an active speed controlling 
device rather than as a warning signal to obviate inadvertent speeding. It is also expected 
that this reduction in speed variability will remain temporarily when the ISA system is 
deactivated, but that this reduction will dissipate over time. 

Hypothesis 8: It is anticipated that mean travel time will not change when the ISA system 
is active. Given the range of factors that influence travel time – for example, class of road, 
time of day, level of traffic congestion, traffic control devices, and so on – a reduction in 
travel time deriving from interaction with ISA would only be expected for quite marked 
speed reductions, which are not anticipated here. In fact, several previous studies of ISA 
have shown that speed reduction is not generally accompanied by significant reductions in 
travel time.  

Hypothesis 9: Finally, based on the findings of previous ISA research that the number of 
speed infringements received reduces when using ISA, it is hypothesized that the number 
and duration of risky driving episodes (where drivers are exceeding the speed limit by 5 
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km/h or more and are following the vehicle ahead at 1.1 seconds time headway or less) 
engaged in will reduce when the ISA system is active.     

 

4.2.3 Following Distance Warning 

Hypothesis 1: Based on the results of earlier FDW studies, it is expected that mean time 
headway will increase for the treatment drivers when the FDW system is active. It is also 
expected that this increase in mean time headway will remain temporarily when the FDW 
system is deactivated, but that this effect will dissipate over time. 

Hypothesis 2: It is expected that, given that drivers may follow at shorter distances at night 
because of reduced visual cues, the FDW system will have a greater effect on increasing 
the treatment drivers’ mean time headways at night versus during the day.  

Hypothesis 3: It is also predicted that the younger drivers (aged under 45 years) will drive 
at shorter time headways than the older drivers (aged over 45 years) and thus, the FDW 
system will have a greater effect of increasing the mean time headway of the younger 
treatment drivers. 

Hypothesis 4: It is expected that the proportion of driving time spent at time headways less 
than 1.1 seconds will decrease when the FDW system is active, but that this effect will 
gradually dissipate once the FDW system is deactivated.  

Hypothesis 5: It is anticipated that the standard deviation of time headway will reduce for 
the treatment drivers when the FDW system is active. It is also expected that this reduction 
in time headway variability will dissipate over time when the FDW system is deactivated. 

Hypothesis 6: Finally, it is expected that the average minimum time headway reached per 
trip will increase when the FDW system is active, but that this effect will dissipate once the 
FDW system is turned off.  

 

4.2.4 Seat Belt Reminder 

Hypothesis 1: It is expected that the percentage of trips undertaken where an occupant was 
unbuckled for any part of the trip will decrease when the Seatbelt Reminder system is 
active. 

Hypothesis 2: It is predicted that the percentage of driving distance spent with a seatbelt 
unbuckled will decrease when the Seatbelt Reminder system is active. 

Hypothesis 3: It is also expected that the average time taken to buckle a seatbelt from the 
onset of the Stage 1 Seatbelt Reminder warning will decrease when the Seatbelt Reminder 
system is active. 

Hypothesis 4: It is anticipated that the average speeds reached before all seatbelts are 
buckled up will decrease once the Seatbelt Reminder system is activated.  

Hypothesis 5: Finally, it is expected that the amount of time drivers spend travelling at 
dangerous speeds (above 40 km/h) will decrease when the Seatbelt Reminder system is 
active. 
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4.2.5 Interaction Between Systems 

Hypothesis 1: It is expected that the ISA and FDW systems, when active together (even 
though these systems do not issue simultaneous warnings), will have a greater effect on 
reducing speeds than the ISA system on its own. This is because the expected driver 
response to the warnings issued by each of these systems is to decrease speed. 

Hypothesis 2: It is expected that the ISA and FDW systems, when active together (even 
though these systems do not issue simultaneous warnings), will have a greater effect on 
increasing time headway than the FDW system on its own. 

Hypothesis 3: For the treatment drivers, it is expected that, due to an increased awareness 
of safety issues related to speeding, the average peak speeds reached before buckling up 
will be lower when both the ISA and SBR systems are active compared to when SBR alone 
is active. 
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CHAPTER 5 PHASE 4 ON-ROAD STUDY – METHOD 

 

5.1 PARTICIPANTS 

A total of 23 fleet car drivers (21 males and 2 females) served as participants in the study. 
Drivers were aged between 29 and 59 years of age, with a mean age of 44.37 years (SD = 
8.07 years). Of the 23 drivers, 15 (14 males and 1 female) comprised the Treatment group 
(mean age = 44.27 years, SD = 7.67 years) and the remaining 8 drivers (7 males and 1 
female) comprised the Control group (mean age = 44.5 years, SD = 9.32 years). Drivers 
were volunteers from participating corporations that own a fleet car pool. All drivers 
provided written informed consent to participate in the study.  

Of the 23 drivers, complete data sets are available for 17 drivers. Four treatment drivers 
ceased their participation in the study (for reasons unrelated to the project) before they had 
accrued their required number of kilometres. These drivers had completed approximately 
60 percent of their required kilometres before terminating their participation. For another 
treatment driver, the driving data (1,500 kilometres of data) contained on their final 
flashcard were unable to be retrieved due to the flashcard being damaged in transit. Finally, 
the last 1,200 kilometres of driving data for one control participant were not recorded due a 
technical problem with the data logging system in his vehicle. The available data from 
these five drivers have been included in the analyses. 

Data relating to the acceptability and usability of the SafeCar systems and the perceived 
workload they imposed on drivers are reported for all drivers who completed the 
questionnaires ranging from Preliminary Time 1 (23 drivers) to the Post Questionnaire (19 
drivers). 

5.1.1 Fleet Recruitment 

To facilitate the process of briefing fleet administrators on the aims, conduct and 
requirements of the on-road study, the document “Information for Company Fleets” (see 
Appendix E) was prepared for distribution to fleet administrators as appropriate.  

Fleets were approached to participate in the project if they met some or all of the following 
criteria: 
 
• Companies with relatively large vehicle fleets; 

• Companies where management had demonstrated a commitment to or undertaken road 
safety initiatives; and 

• Companies that would require its drivers to travel large numbers of kilometres in a 
relatively short period of time (e.g. sales staff). 

Information and invitations to participate were also issued through third parties. In 
particular, information was sent out to all members of the Australian Fleet Managers 
Association (AFMA) through a central contact. Finally, companies that approached the 
TAC expressing interest to participate were also considered. Approximately 60-70 
company fleets were approached based on the above criteria. 

Each company that expressed interest to participate was provided with an information pack 
which outlined the design of the trial, the requirements of the company, and the 
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requirements of the company staff that ultimately would participate in the trial.  The main 
criteria to be met by the companies in order to participate included: 

• Each vehicle was to be provided to staff members who would have exclusive use of 
that vehicle for business and private purposes.  It could not be used as a pool vehicle; 

• Qualifying drivers needed to on average drive 35,000-40,000 km per year; enabling 
them to complete the require 16,700 km in 5-6 months; 

• Employees were not to be coerced or feel pressured to participate in the trial; 

• Companies must sign a Participation and sub-lease agreement outlining the conditions 
under which the vehicle was provided to the company by the TAC; 

• Companies would replace a current car in its fleet and sub-lease the TAC SafeCar at a 
cost neutral lease rate for a period of one year.  The one-year period would enable two 
drivers to use each vehicle in consecutive six-month periods.  Therefore, companies 
were required to have the capacity to provide two drivers to meet this requirement; and 

• Companies were able to sub-lease more than one vehicle if they had the capacity.  

 
Overall, nine companies participated in the trial. 

5.1.2 Participant Recruitment 

Car drivers were recruited from the participating fleets. To be eligible to participate, 
drivers had to be aged between 25 and 64 years, hold a current and full Victorian car 
driver’s licence, have no hearing impediment or red/green visual anomaly, have a high 
yearly vehicle usage rate (i.e. at least 40,000 kilometres per year), and must not have had a 
diagnosed substance-abuse disorder. In addition, drivers must not have had any exposure to 
the ITS technologies being evaluated prior to undertaking the study.   

It was a condition of project approval from the Monash University Standing Committee on 
Ethics in Research Involving Humans (SCERH) that recruitment of participants follow a 
process where potential participants volunteer to be involved in the research and that, from 
the pool of volunteers, participants be selected at random. Moreover, from an experimental 
point of view, it was desirable that the final sample comprised participants that were 
representative of the fleet driver population.  

However, it became apparent early during recruitment that practical constraints imposed by 
fleet administrators meant that the planned recruitment process could not be followed 
exactly as prescribed. The primary issue was that, within fleets, there were not a sufficient 
number of volunteers meeting the inclusionary criteria from which to select a random 
representative sample. For example, in a given fleet, only two volunteers who meet the 
inclusionary criteria may be available to drive the one vehicle, each in turn, assigned to 
that fleet. In other words, providing a pool of volunteers is difficult, because application of 
the exclusionary criteria narrows the pool of fleet drivers from which volunteers can be 
sought. Consequently, in consultation with the SCERH, it was decided that, provided the 
two participants available to drive one vehicle (one after the other) were volunteers in 
addition to being eligible to participate, then the relevant ethical concerns had been 
appropriately addressed. A problem would exist, however, if there were only one person 
available to drive one vehicle. In such a situation the fleet administrator might feel the need 
to coerce a second driver into participating in the study given that the car was being leased 
for a year, and each participant was only required to drive the car for five to six months. 
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Although two fleet companies recruited for the study provided only one driver each, 
coercion of a second driver was not an issue for these fleets, given that they had an 
agreement with the TAC to provide only one participant each and the SafeCar was only 
leased for six months. 

The revised process meant that fleet administrators were essentially responsible for 
recruiting eligible and willing participants from within their organisation. Hence, as a 
precaution against drivers being coerced into participating by their employer and/or fleet 
administrator, either implicitly or explicitly, the formal participation agreement between 
TAC and each participating company stipulated that all drivers participating in the study 
from within that company have volunteered to participate of their own accord and that they 
had not been coerced in any way to participate. This same message was reinforced to 
participants through the plain English explanatory statement and consent form (refer 
Appendices F and G, respectively) which, in the first instance, was issued to participants 
by their fleet administrator at the time of recruitment. 

5.2 EXPERIMENTAL VEHICLES 

Fifteen Ford passenger wagons and sedans served as the experimental vehicles in the on-
road study. Under a sub-leasing agreement with the TAC, these vehicles were supplied to, 
and operated by, several car fleets. As discussed above, in order to participate, it was 
desirable that fleets have at least two drivers for each vehicle they leased who were both 
eligible and who had volunteered to participate in the study. However, two fleets that were 
recruited later in the project each agreed to provide only one driver for the study. In 
addition, it was a requirement that the participating car fleets be based in Melbourne. 

Each of the 15 experimental vehicles was fitted with the following ITS technologies: 
Intelligent Speed Adaptation (ISA) with Speed Request Button, Following Distance 
Warning, Reverse Collision Warning, Seat Belt Reminder, and Daytime Running Lights.   

The 15 vehicles were also equipped with a number of additional display and support 
systems. These comprised: an ITS audio system with Master Volume Control; a Visual 
Warning Display; a Log In and Log Out system with programmable “iButton”; a System 
Override Button; a Master Pushbutton; a Message Priority System; and a Data Logging 
System.  

The systems in the experimental vehicles are explained below under the following 
headings: Display systems, ITS systems, and Support systems. Further information on the 
functional and Human Machine Interface (HMI) characteristics of each of the systems is 
provided in Appendix C. A description of the acceptance testing process that was 
undertaken during Phase 2 of the project to ensure that the ITS systems performed to the 
prescribed functional and HMI specifications is provided in Appendix D. A list of the 
technical problems experienced with the ITS systems by the drivers during the trial is 
provided in Appendix H.  

5.2.1 Display Systems 

5.2.1.a ITS Audio System and Master Volume Control 
The function of the ITS audio system was to present to the driver all auditory warnings and 
messages issued by the SafeCar systems. The audio system could not be turned off. 
However, the level of the auditory warnings and messages was adjustable between 70 and 
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90dB(A). This was achieved through the Master Volume Control, which was located to the 
left of the driver’s seat on the dash (see Figure 5.1). 

5.2.1.b Visual Warning Display 
All visual warnings and messages of the SafeCar systems were presented to the driver via 
the Visual Warning Display.  This display consisted of a 3.8” Liquid Crystal Display, 
which was located to the left of the driver’s seat on the dash (see Figure 5.1). Both the 
brightness and orientation of the display were adjustable. 

 

 

 
Figure 5.1. Visual Warning Display, Speed Request Button and Master Volume Control 

 

5.2.2 ITS Systems  

5.2.2.a Intelligent Speed Adaptation (ISA) 
The Intelligent Speed Adaptation (ISA) system fitted to the experimental vehicles is 
designed to warn the driver when he or she is travelling, intentionally or inadvertently, 
2km/h or more over the posted speed limit. Every experimental vehicle is equipped with a 
Global Positioning System (GPS) which outputs its location on the surface of the Earth in 
coordinates. An on-board computer determined where the vehicle was located on a digital 
map of the Victorian road network, which was equipped to the vehicle. The computer also 
compared vehicle speedometer-derived speed with the posted speed limit at that location 
(which was stored on the digital map). 

The ISA system had a two stage warning sequence. In the first stage of warning, when the 
posted speed limit was exceeded by 2 km/hr or more, a static visual icon of a speed limit 
sign denoting the posted speed limit appeared on the Visual Warning Display (see Figure 
5.2). The appearance of the visual icon on the Visual Warning Display was accompanied 
by a single short duration auditory tone (“bong”).  

If the first stage of warning was ignored for two seconds or more, the visual icon flashed 
(red circle only) and was accompanied by strong upward pressure on the accelerator pedal. 
The system required approximately 2 seconds to deliver full upward pressure. Therefore, 
the process of building up accelerator pressure was initiated at the onset of the stage 1 
warning. If necessary, the driver could override the accelerator feedback by pressing down 
hard on the accelerator pedal. 

 

Master 
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Figure 5.2. Intelligent Speed Adaptation visual warning icon (left hand side) displaying a 
speed limit of 60 km/h and Following Distance Warning ladder (right hand side) 

 

Speed Request Button 
The Speed Request Button allowed drivers to manually request at any time the posted 
speed limit in any location. The Button was located on the dash to the left of the driver’s 
seat (refer Figure 5.1). When the button was pressed, the posted speed limit was displayed 
on the Visual Warning Display in an identical manner to that shown in Figure 5.2. The 
visual image remained on the display for approximately 3 seconds. Appearance of the 
visual image was preceded by a single short duration auditory tone (“bong”). The Speed 
Request facility was only available when ISA was enabled in the vehicle.  

5.2.2.b Following Distance Warning  
The Following Distance Warning system utilised microwave radar signals to establish the 
time headway between the host vehicle (i.e., the SafeCar) and the vehicle ahead. The 
system is designed to warn the driver if he or she is following the vehicle immediately in 
front too closely. There were six levels of warning, which increased in intensity as time 
headway decreased. The first five levels of warnings were visual only, the sixth level 
included both visual and auditory warnings. 

The visual display resembled a ladder, which increased in width from top to bottom. This 
form of perspective display was based on research undertaken by Dingus et al. (1997). The 
ladder display was located on the right side of the Visual Warning Display screen (see 
Figure 5.2). The six bars in between the seven rungs of the ladder display represented the 
six levels of warning. When the time headway between the host vehicle and the vehicle in 
front was greater than 2 seconds, only a black outline of the ladder was visible. As the time 
headway between the host vehicle and the vehicle in front decreased, the bars of the ladder 
began to fill with colour (see Figure 5.3), starting with the top bar.  

The first level of warning was issued when time headway reached 2 seconds. During this 
level the top bar filled with yellow. The second and third levels of warning were issued 
when time headway reached 1.7 and 1.5 seconds, respectively, hence, the second and third 
bars, respectively, filled with yellow. When time headway reached 1.3 seconds, the fourth 
level of warning was issued and the fourth bar filled with red. At this point, the entire 
ladder display began to flash. The fifth level of warning was issued when time headway 
reached 1.2 seconds. Here, the fifth bar filled with red while the ladder display continued 
to flash. The sixth, and final, level of warning occurred when time headway reached 1.1 
seconds. At this point, the bottom bar of the ladder turned red and the ladder continued to 
flash. An auditory warning was also issued.  
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2.0 s

1.7 s

1.5 s

1.3 s + flashing

1.2 s + flashing

1.1 s + flashing + audio

Time Headway

 

Figure 5.3. Following Distance Warning display sequence 

 

5.2.2.c Seat Belt Reminder  
The Seat Belt Reminder System used seat buckle and weight sensors to detect when a 
vehicle occupant was unrestrained. If the system detected that an occupant was 
unrestrained, the driver was issued with visual and, depending on vehicle speed, also with 
auditory warnings.  If the speed of the vehicle was between 0 and 10 km/h, a flashing 
visual icon and, below it, a static caption, “FASTEN SEATBELT”, appeared on the Visual 
Warning Display (see Figure 5.4). If the vehicle speed was above 10 km/h the flashing 
visual icon and static caption were accompanied by an auditory warning. The repetition 
rate of the auditory warning increased as the speed of the vehicle increased. 

 

 

Figure 5.4. Seat Belt Reminder System visual icon and static caption (left hand side) 

 

5.2.2.d Reverse Collision Warning  
The Reverse Collision Warning system in the experimental vehicles was the commercially 
available “Park Pilot”, manufactured by Bosch. It is a reversing aid that warns the driver if 
he or she is about to collide with an object to the rear while reversing.  An auditory 
warning was issued when an object was detected at a distance of one metre or less behind 
the reversing vehicle. The repetition rate of the auditory tone became more rapid as the 
distance between the rear of the vehicle and the object behind it decreased. The most 
urgent level of warning, a continuous tone, was issued when the vehicle was within 30 
centimetres of the object. The system only operated when the vehicle was in reverse gear. 
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5.2.2.e Daytime Running Lights  
The function of the Daytime Running Lights was to increase the conspicuity of the vehicle 
on the road during daylight conditions. In Daytime Running Light mode, the vehicle 
headlights switched on automatically on low beam when the engine was turned on, and 
switched off automatically when the engine was turned off. The headlights operated during 
the day at 80 percent of their normal low beam luminance.  

5.2.3 Support Systems 

5.2.3.a Log In/Log Out System & Programmable “iButton” 
The purpose of the Log In system was to ensure that the appropriate SafeCar ITS systems 
were activated when the vehicle ignition was turned on. To successfully log into the 
SafeCar ITS systems, the driver was required to insert a small programmable device called 
an “iButton” into a reader unit located on the dash before the car was started (see Figure 
5.5). The iButton contained stored information that was specific to each of the participants 
in the on-road study, such as the number of kilometres at which a particular SafeCar 
system should be enabled and disabled for that participant. During the log in process, 
information stored in the iButton was transmitted to the appropriate SafeCar systems. 

 

 

                  Figure 5.5. iButton in reader unit 

 

The purpose of the Log Out system was to record the end of a driving session and to 
update, on the iButton, the number of kilometres travelled during a driving session. The 
SafeCar automatically logged users out when the ignition was switched off. 

5.2.3.b System Override Button 
Provision was made for a button that, when pressed, temporarily disabled the SafeCar 
system warnings for approximately one minute. This button was located on the dashboard 
to the left of the driver’s seat (see Figure 5.6). 

 

iButton in 
reader 

unit  



42 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

 

Figure 5.6. System Override Button 

 

5.2.3.c Master Pushbutton 
The Master Pushbutton allowed drivers other than the participants in the on-road study to 
drive a SafeCar without being exposed to any system warnings or messages. Proper use of 
the Master Pushbutton ensured that the data collected for a SafeCar related to the 
designated driver’s performance only. Provision of the Master Pushbutton was also a duty 
of care requirement, since only drivers participating in the study would be properly trained 
to use the SafeCar systems. 

During log in, the System Override Button (see above) began to flash. At the same time the 
message, “If you are not the designated driver of this vehicle, please press the flashing 
button”, was presented. Non-designated drivers were required to press the flashing System 
Override Button at this time. Doing so disabled all SafeCar systems for the duration of the 
trip. 

5.2.3.d Message Priority System  
The Message Priority system was designed to ensure that, if two or more warnings in the 
SafeCar were triggered simultaneously, only the highest priority warning was presented (or 
emphasized to the driver).  

5.2.3.e Data Logging System 
The Data Logging system in the SafeCars enabled collection of a wide range of driver and 
vehicle performance data, such as vehicle speed and time headway. The full range of 
parameters recorded by the on-board data logger is presented in Appendix I. The data were 
recorded and stored on removable flash memory cards.  

5.3 EXPERIMENTAL DESIGN 

5.3.1 Design Issues  

Of primary interest in the on-road study was drivers’ behavioural adaptation (positive 
and/or negative) to ISA and the Following Distance Warning systems, both separately and 
in combination. Behavioural adaptation refers to how a driver’s behaviour changes over 
time as a consequence of prolonged exposure to a treatment, such as a particular ITS or 
combination of ITS. The design chosen provided the best possible basis upon which the 
primary aim could be addressed.  

System 
Override 
Button 
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Much consideration was given to design options that would limit the trial length to 
approximately 10 months (the time allocated to the trial), but which would be scientifically 
defensible. The need to limit the trial length to 10 months was necessitated by the overall 
timing requirements of the project. For a discussion of these issues, the reader is referred to 
the report prepared by Regan, Triggs and Mitsopoulos (2002) for the TAC, which 
describes options for reducing the duration of the trial and provides recommendations for 
refining the design of the on-road study. In summary, the main design issues considered in 
formulating the design of the on-road trial were:  

• the number of participants and the impact of this on the statistical power of the 
research, since the greater the sample size is the higher the statistical power and, 
therefore, the likelihood of revealing an effect (if there is one); 

• whether to include a control group since the inclusion of a control group would provide 
a condition in which participants had not been exposed to any systems against which to 
compare the effects of the different treatments; 

• whether to study the effects of only one variant of ISA (actively supporting or 
informative) instead of two, and if so which variant; 

• whether full interactions between systems could be examined; and 

• the duration of each of the periods before, during and after exposure to a system or 
system combination to ensure that the periods were of sufficient duration to allow any 
behavioural adaptation effects to be realised and examined. 

 

5.3.2 Design Solution 

Over a distance of at least 16,500 kilometres, 23 participants each drove one of the 15 
experimental vehicles. Two drivers, one after the other, drove each car. It was initially 
envisaged that it would take each driver approximately five months to accrue the required 
number of kilometres. This was based on the assumption that drivers participating in the 
study travelled approximately 40,000 kilometres per year. The average amount of time it 
took drivers to complete the study was 6 months (ranging from 4 to 11 months). Of the 23 
participants in the study, 8 were assigned to the control group and 15 to the treatment 
group. 

For the purposes of the study, the five ITS technologies in the experimental vehicles were 
divided into two groups: “key” systems and “background” systems. The key systems were 
the SafeCar ITS technologies that were of primary interest in the study: ISA and Following 
Distance Warning. The background systems were Daytime Running Lights, Seat Belt 
Reminder, and Reverse Collision Warning. All participants, regardless of whether they 
were in the treatment or control group, were exposed to the background systems. However, 
only the treatment participants were exposed to the key systems. 

5.3.2.a Treatment Group 

For treatment participants, the study was divided into “Before”, “During” and “After” 
periods (see Figure 5.7). Each of these periods is discussed further below. Briefly, the 
Before period was further divided into Before 1 and Before 2, each lasting for 1,500 
kilometres. No technologies, with the exception of the Daytime Running Lights, were 
active in the Before 1 period. During the Before 2 period, the Reverse Collision Warning 
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and Seat Belt Reminder systems were also enabled. The background systems remained 
active for the remainder of the study. 

The During period was the time when treatment drivers were exposed to the key systems. 
There were three During periods, each 3,000 kilometres in length, during which each 
treatment driver experienced ISA by itself, Following Distance Warning by itself, and ISA 
in combination with the Following Distance Warning system. Each During period was 
followed by a 1,500 kilometre After period. In the After period, the key system or system 
combination that was enabled in the preceding During period was no longer active. Only 
the background systems remained operational in the After periods. 

Further detail about the various periods is provided below.  

 
Before Period 
Given that an aim of this study was to examine changes in driving performance during and 
after exposure to ISA and Following Distance Warning (separately and in combination), it 
was important that normal driving performances were logged before the driver was 
exposed to the key systems. Hence, in the current study, the Before period constituted the 
baseline period. Fundamentally, by comparing driving performance in the baseline period 
with that in the During and After periods it is possible to ascertain whether exposure to a 
system or system combination has resulted in any changes in driving behaviour.  

As noted above, there were two baseline periods: Before 1 and Before 2. Before 2 differed 
from Before 1 in that the background systems, Seat Belt Reminder and Reverse Collision 
Warning, were active. It was important to examine separately (i.e., in the absence of ISA 
and FDW) the combined effect on driving performance of the Seat Belt Reminder and 
Reverse Collision Warning systems. It was important to know, in particular, if the onset of 
the warnings made participants drive more cautiously in the presence of the system 
warnings (which served as a reminder that their performance was being monitored), and, if 
so, whether this effect persisted over time. In interpreting the effects on performance of the 
key systems (I.E., ISA and FDW), it was critical to know to what extent these derived in 
part from mere exposure to the RCW and SBR systems. It was not believed that the 
Daytime Running Lights would interact with any of the other systems to influence driver’s 
performance. Hence, the Daytime Running Lights were operational for the entire trial 
sequence, including the Before 1 period.  

It is possible that for some portion of the Before 1 period participants may have driven 
more cautiously than normal in the knowledge that their driving data were being 
automatically logged (even though no warnings were issued). While it was envisaged that 
any such effects, if they occurred, would dissipate quickly once the drivers became used to 
driving the SafeCars, the data were also carefully monitored for evidence of such an effect. 

During Period 
As discussed above, the During periods corresponded to the times when treatment drivers 
were exposed to the Following Distance Warning and ISA systems, separately and in 
combination. The order in which drivers in the treatment group were exposed to the key 
systems in the three During periods was counterbalanced across participants to minimise 
any order effects. As shown in Table 5.1, there were six different orders of treatment. 
Table 5.1 also displays the number of treatment participants who were allocated to each 
treatment order. 
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Table 5.1. Various treatment orders for counterbalancing across participants and number 
of participants assigned to each order. 

   Study period  

Order No. of 
participants 

During 1 During 2 During 3 

1 3 Following Distance 
Warning 

ISA Following Distance 
Warning and ISA 

2 3 Following Distance 
Warning 

Following Distance 
Warning and ISA 

ISA 

3 3 ISA Following Distance 
Warning 

Following Distance 
Warning and ISA 

4 2 ISA Following Distance 
Warning and ISA 

Following Distance 
Warning 

5 2 Following Distance 
Warning and ISA 

Following Distance 
Warning 

ISA 

6 2 Following Distance 
Warning and ISA 

ISA Following Distance 
Warning 
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Figure 5.7. Treatment group design sequence 
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Figure 5.8. Control group design sequence 
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Each key system was programmed to activate (by itself or with the other key system) in each of 
During 1, 2 and 3 on two occasions. Participants were randomly assigned to the various orders. 
Essentially, of the 15 treatment participants, three participants each were exposed to the key 
systems as defined in orders 1, 2 and 3, and two participants each were exposed to the key 
systems as specified in orders 4, 5 and 6. 

After Period 
The purpose of the After period was to study participants’ driving performance once the 
warnings from a key system were disabled. Of interest was the strength and nature of any 
behavioural after-effects, if any, which persisted following exposure to each key system or 
system combination. Such effects may occur, for example, if Australian car fleets eventually 
equip their cars with ITS and drivers who adapt to those vehicles then drive their own (non-ITS 
equipped) cars after work. 

5.3.2.b Control Group 
For control participants, the study was partitioned into two periods: Control 1 and Control 2. 
The Control 1 period was identical to the Before 1 period for the treatment group. It lasted for 
1,500 kilometres and no systems, with the exception of the Daytime Running Lights, were 
active. Control 1 was followed by the Control 2 period, which lasted for the remainder of the 
trial (15,000 kilometres). During the Control 2 period, both the Seat Belt Reminder and 
Reverse Collision Warning systems were enabled in addition to the Daytime Running Lights. 

5.3.3 Legal And Ethical Issues 

In a study of this kind, involving the fitment to registered production vehicles of prototype ITS 
technologies not previously tested in this country, it was important to ensure that all relevant 
legal and ethical issues were addressed.  

It was a University requirement to obtain from the Monash University Standing Committee on 
Ethics in Research Involving Humans approval to conduct Phase 4 of the study. This approval 
was obtained prior to the study being conducted. The application process did, however, raise 
some ethical issues specific to the study that were subsequently addressed.  Advice on potential 
legal issues was obtained from Mr Sam Funnel, from the Monash University Solicitor’s Office, 
and from Mr John Bolitho from the TAC’s legal department. As a result of these activities, the 
following emerged as the legal and ethical issues relevant to the conduct of Phase 4 of the 
study: 

• Duty of Care to Fleet Drivers. The project team was deemed responsible for exercising a 
duty of care to the drivers of SafeCars (designated drivers and non-designated drivers) 
during the study. This obligation was exercised in two ways: 

• Designated drivers were involved in formal briefing and training sessions (see 
Sections 5.4.3 and 5.4.4) These activities were designed to impart to experimental 
participants the knowledge and skills required to safely interact with the SafeCar 
systems.  

• A Master Pushbutton, located on the dashboard to the left of the steering wheel (see 
Section 5.2.3c), allowed untrained drivers to drive a SafeCar without being exposed 
to any system warnings or messages. Pressing this button at the beginning of a trip 
disabled all SafeCar systems during that trip.  

• Duty of Care to the Motoring Public. The project team was also deemed responsible for 
exercising a duty of care to the general motoring public. If any driver of a SafeCar was 
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identified by the MUARC project team as having driven at any point during the on-road 
trial in a “sustained dangerous manner”, MUARC was required to notify the TAC of this. 
The TAC was provided with that participants’ identification number and a description of 
the details of the driving violation. The TAC then decided whether or not to notify fleet 
owners of the driving violation in question. The definition of sustained dangerous driving 
used in this study can be found in Section 5.4.5. MUARC identified and reported to the 
TAC several drivers who were deemed to have driven during the trial in a sustained 
dangerous manner, but it is understood that the TAC did not consider the violations serious 
enough to notify fleet owners.    

• Privacy. Each of the 15 TAC SafeCars was equipped with a data collection system that 
simultaneously logged, several times a second, several vehicle performance parameters (eg 
speed, following distance). MUARC was instructed not to disclose the logged data to any 
non-member of the MUARC project team, except on subpoena in the event that one of the 
SafeCar vehicles was involved in a crash.  

• Intellectual Property. Two companies contracted by the Transport Accident Commission to 
develop software for the SafeCar systems owned the intellectual property for some of the 
software and licensed the MUARC project team, via the TAC, to use it for the purposes of 
the study.  

• Agreements. Formal legal agreements were created for Phase 4 of the study. One, known as 
the Sponsored Research Agreement, was created between the TAC and Monash University. 
This defined the scope and funding arrangements for the study, and formalised the various 
legal and contractual issues relevant to the conduct of it.  A separate agreement was created 
between the TAC and Fleet owners.    

 

These arrangements appear to have been successful in protecting the legal and ethical rights of 
all parties concerned.  

5.4 PROCEDURE 

Once recruited, and after the participant had taken delivery of his/her SafeCar, the participant’s 
name and contact telephone number was forwarded to the member of the project team 
responsible for the management of participants during the study and, for conducting the 
Participant Briefing and Training session. This person is referred to in the remainder of this 
document as the Participant Liaison Officer.  

5.4.1 Preparation for the Participant Briefing and Training Session  

Once a participant’s contact information had been received, the Participant Liaison Officer 
telephoned the participant to arrange a suitable time for conducting the participant’s Briefing 
and Training session (see section 5.4.3 below). At this time, the Participant Liaison Officer also 
determined how many kilometres the participant had driven to date in his/her new vehicle. To 
ensure that participants had familiarized themselves with their new vehicle before the 
commencement of the study, it was recommended that participants not undertake their Briefing 
and Training session until they had driven at least 200 kilometres in their vehicle. In practice, 
most participants had completed the required familiarization with their new vehicle at the time 
of the initial telephone call from the Participant Liaison Officer.  

The initial phone call to the participant from the Participant Liaison Officer served several 
additional purposes. These were: 
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• To ensure that the participant had received (from his/her fleet administrator) and read a 
copy of the plain English Explanatory Statement (refer Appendix F);  

• To explain to the participant that in order to participate in the study, he/she must have read 
and signed a consent form (refer Appendix G), and that he/she must have returned the 
signed consent form to the Participant Liaison Officer at the start of the Briefing and 
Training session; 

• To ask the participant whether he/she could complete a questionnaire (Preliminary 
Questionnaire Time 1; see section 5.5.2 below) before the Briefing and Training session 
and return it, once completed, to the Participant Liaison Officer at the start of the Briefing 
and Training session; and 

• To ask the participant a series of demographic and driving related questions and to use the 
responses to these to guide allocation of participants to either the control or treatment group 
(see section 5.4.2 below). 

Following the telephone call, the Participant Liaison Officer completed several additional 
activities in preparation for each Participant Briefing and Training session. These were: 

• To send to the participant, along with a cover note confirming the date and location of the 
Briefing and Training session, a plain English explanatory statement, consent form, 
Preliminary Questionnaire Time 1 and, if the session was to be held at MUARC, a map of 
the Monash University Clayton campus with directions to MUARC; 

• To allocate the participant to the control or treatment group (see section 5.4.2 below);  

• To allocate an ID number to the participant and, for each treatment participant, randomly 
select an appropriate treatment order (see Table 5.1 above); and 

• To arrange with the MUARC Technical Officer an iButton programmed appropriately for 
the participant (i.e., ID number, systems to turn on and off in correct order) and an empty 
flash memory card. The technical officer was a member of the MUARC project team.  

More detailed information on the process leading up to the Participant Briefing and Training 
sessions is given in the Facilitator Protocol in Appendix J. 

5.4.2 Allocation of Participants to the Treatment and Control Groups 

All participants were allocated to either the control or treatment group prior to their Briefing 
and Training session. To guide allocation of participants to either the control or treatment 
group, five criteria were developed. Listed in order from highest to lowest priority, the criteria 
were: 

1. Number of cars in the fleet.  

• Where a company took one car only, the two participants who drive that car, each in turn, 
were assigned to the treatment group. 

• Where a company took two cars, one car served as a treatment car and was driven by two 
participants, each in turn, and the other car served as a control car, which was also driven 
by two participants, each in turn. 

• Where a company took three cars, the third car would serve as either a control or treatment 
vehicle depending on whether treatment or control participants were still required. 
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Alternatively, the third vehicle may have served as a control vehicle in the first participant 
wave and a treatment vehicle in the second participant wave, or vice versa. 

2. Driving domain profile. Participants were selected, for both treatment and control groups, 
who had spent at least 80 percent of their driving times in areas, whether they be metro 
and/or rural, that were covered by the SafeCar digital map. 

3. Age. The age composition of the treatment and control groups was designed to match, as 
closely as possible, the distribution shown in Table 5.2 

Table 5.2. Desired age distribution of participants in the control and treatment groups 

Age group (years) Group 

 Treatment (n) Control (n) 

25 to 34 6 3 

35 to 44 6 3 

45 to 54 6 3 

55 to 64 2 1 

TOTAL 20 10 

Note: Figures are based on an earlier expectation that 30 drivers (20 treatment 
and 10 controls) would participate in the on-road trial. 

 
At a minimum, the mean age between treatment and control groups was not to differ by more 
than 10 years. 

4. Gender. At least 20 percent of participants in each of the control and treatment groups, but 
not all, were to be female and the ratio of males to females was to be similar across groups. 

5. Occupation. There were to be representatives from both white- and blue-collar occupations 
in both the treatment and control groups. 

 

Information regarding the number of cars in a fleet was forwarded to the Participant Liaison 
Officer at approximately the same time as when participant contact information was supplied. 
Accordingly, the gender of participants could be easily ascertained on the basis of participants’ 
names and/or their voice at the time of the initial telephone call. Information pertaining to each 
of criteria 2, 3 and 4 was obtained during the initial telephone call with the Participant Liaison 
Officer. Accordingly, at this time, the Participant Liaison Officer asked all participants the 
following questions: 

What proportion of your driving time would you spend driving in metropolitan and greater 
metropolitan Melbourne? 

What proportion of your driving time would you spend driving in Geelong, Bendigo and 
Ballarat? 

Can you please tell me your age in years? 
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What is your role at your company? /What type of work do you do? 

 
As discussed above, following the initial telephone call the Participant Liaison Officer assigned 
participants to either the control or treatment group in preparation for the Briefing and Training 
session. While it was desirable that all criteria be taken into account when participants were 
allocated to the control and treatment groups, as anticipated, this was not always possible for 
practical reasons. Nevertheless, where it was not possible, care was taken to ensure that higher 
priority criteria were satisfied ahead of lower priority criteria. 

5.4.3 Participant Briefing and Training Session 

The purpose of the Briefing and Training session was firstly to further brief participants on the 
aims and conduct of the on-road study: on the legal, ethical obligations and other requirements 
on the part of the participant, the project team, and the fleet administrators. Secondly, the 
session was designed to train participants in how to operate the systems in the SafeCars. The 
session also provided participants with the opportunity to ask questions and seek clarification 
of any issues regarding the study prior to its commencement. 

Each participant in the SafeCar on-road study was required to undertake a Briefing and 
Training session. In general, the session content was identical across all participants, regardless 
of whether participants had been assigned to the treatment or control group. However, in order 
to minimize the time required to conduct each Briefing and Training session, participants in the 
control group were given a detailed description of the control group design, but not of the 
treatment group design, while participants in the treatment group heard about the study design 
sequence for the treatment group, but not for the control group. 

On average, each Briefing and Training session took no more than 2 hours to complete. The 
sessions were held either at MUARC or at the participant’s workplace, whichever was the more 
convenient for the participant. The sessions were planned so that they could be undertaken in 
groups or individually. While group sessions meant that fewer Briefing and Training sessions 
had to be conducted in total than if each participant opted for an individual session, there were 
several limitations to the group session format. First, because of the slightly different session 
content between treatment and control participants, a group could not comprise both control 
and treatment participants. Secondly, two aspects of the training component of the session had 
to be carried out with each participant on an individual basis. This meant that one participant 
would have to wait while another participant completed each of the individually based 
activities. As a result, the duration of the entire session would extend beyond 2 hours, which for 
many participants was undesirable. Moreover, the more participants in a group, the more 
difficult it would be to arrange a session time that was suitable for all participants in a given 
group. It was not surprising, therefore, that while the group option was available, all 
participants elected to receive their own individual Participant Briefing and Training session. 

As discussed above, the Participant Liaison Officer was responsible for conducting the Briefing 
and Training sessions with each participant. This had two advantages. First, it controlled for 
any variability within groups or differences between groups in the critical measures that could 
otherwise have been attributed to having several different people administer the training across 
the participants. Secondly, it created the opportunity for the Participant Liaison Officer to 
develop a rapport with participants. Since the Participant Liaison Officer was the person 
participants were encouraged to contact should they have any queries or experience any 
problems during the study and the person who would be telephoning participants every few 
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weeks to monitor progress, a comfortable and trusting relationship between the participants and 
researchers was imperative in helping the study run as smoothly as was possible. 

Each Participant Briefing and Training session followed the same structure, described below. 
For further information on the content of the session, refer to Appendix K for the Participant 
Briefing and Training Session Facilitator’s Manual and to Appendices L to O for the 
accompanying slides. 

1. Administration. Participant Liaison Officer collected the completed consent form and 
questionnaire from the participant. 

2. Briefing Part 1. Participant Liaison Officer delivered the first part of the briefing. This 
comprised: an overview of the structure and content of the session; an overview of the aims 
of the on-road study and what it involves; a list of the driver eligibility requirements; and an 
overview of the ethical and legal obligations that must be met by participants, their fleet 
administrators, and the researchers. 

3. Training. Participant Liaison Officer trained the participant in how to operate the SafeCar 
systems (see section 5.4.4 for further discussion). 

4. Briefing Part 2. Participant Liaison Officer delivered the second part of the briefing. This 
comprised: a description of the treatment group OR control group on-road study design; 
information on the number of questionnaires that needed to be undertaken during the study; 
a list of SafeCar maintenance requirements; a list of contact numbers; information on how 
to care for the Visual Warning Display in hot weather; a discussion on fuel arrangements 
and measurement of fuel consumption; information regarding the operational status of the 
Manual Speed Alert and Cruise Control; and a discussion on where logged data are stored 
and the procedure for the replacement of flash memory cards. 

5. Demonstration of Flash Memory Card Replacement. Participant Liaison Officer 
demonstrated to the participant how to replace the flash memory card in that participant’s 
vehicle. 

6. Transfer of Training Drive. Participant Liaison Officer took the participant on a guided 
practice drive to test the participant’s understanding of the material covered in the training 
(see section 5.4.4 for further discussion).  

 

At the conclusion of each Briefing and Training session or, at the appropriate point during the 
session, participants were issued with the following resources to use as required during the 
course of the study: 

• iButton. This was correctly pre-programmed for each participant.  

• Flash Memory Card. This stored the logged data for the participant. 

• User Manual. This was an A5-sized booklet comprising: information on safety; details on 
system operation; information on the conduct of the study; and a section on 
troubleshooting. In essence, the User Manual was a written version of much of the material 
covered in the Briefing and Training session (refer Appendix P) for a copy of the User 
Manual).  

• Fuel Purchase Logbook. This was an A5-sized booklet for participants to record the 
details (i.e. date of fuel purchase, vehicle odometer reading, and number of litres of fuel 
purchased) of any fuel purchases made when it was not possible to use their company fuel 
card (refer Appendix Q for a copy of the Fuel Purchase Logbook). 
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• Sunshades. These were to be fitted to the SafeCar windscreen (when the car was parked) to 
protect the Visual Warning Display from overheating. 

• Training Refresher Notes (Treatment participants only). This was an A5-sized booklet 
comprising information on the operation and limitations of the Following Distance Warning 
and ISA systems (see section 5.4.4 below for further discussion; refer Appendix R for a 
copy of the Training Refresher Notes). 

• Training Refresher CD (Treatment participants only). This was an audio CD comprising a 
wave file of the Following Distance Warning system audio warning (see section 5.4.4 for 
further discussion). 

• Schematic of Design Sequence (Treatment participants only). A personalised schematic 
was provided specifying which key systems (i.e. Following Distance Warning, ISA, 
Following Distance Warning and ISA) would be issued in each During period. 

• Preliminary Questionnaire Time 2. This was to be completed by the participant and 
returned to the Participant Liaison Officer within five days after undertaking the Briefing 
and Training Session (see section 5.5.2). 

 

5.4.4 Training Program 

The training program was developed in consultation with an expert in instructional design. 
Primarily a duty of care requirement, the training program comprised two events: introduction 
to SafeCar systems and exposure to the System Refresher. 

5.4.4.a Introduction to SafeCar Systems  
This training event was undertaken by participants at their Briefing and Training session. The 
Participant Liaison Officer gave a functional description of the systems in the SafeCars, a 
description of the human-machine interface of the systems and, a PC based demonstration of 
the system warnings and messages. A description of any known system limitations was also 
given. This was followed with a short PC-based practice exercise to ensure that participants had 
understood the training and were familiar with system warnings/messages and their associated 
meanings. This training event concluded with a drive in the SafeCar itself – the Transfer of 
Training drive.  

The Transfer of Training drive provided further opportunity for ensuring that participants had 
understood the training and that they could independently perform the tasks that were required 
of them in order for the study to run as smoothly as possible (e.g. log in). During the drive 
participants were provided with corrective feedback and guidance, where necessary.  

With the exception of the Transfer of Training drive, the first training event was identical 
across all participants, regardless of whether they were in the treatment or control group. This 
occurred for two reasons. Firstly, it was not known what affect the level, format and content of 
training given would have on participants’ driving performance. Therefore, it was imperative 
that all participants receive the same introductory training, to ensure that the training did not 
constitute a potential source of variation between groups. Secondly, the baseline acceptability 
questionnaire, which was scheduled for completion after the Briefing and Training session, was 
based on the assumption that all participants had received the same level and type of exposure 
to the systems before undertaking the questionnaire. 
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Regarding the Transfer of Training drive, the only difference between treatment and control 
groups was that treatment participants were asked to complete an additional two activities, both 
of which were designed to ensure that treatment participants were aware of the Speed Request 
button and that they understood its function. It is unlikely that these additional tasks pertaining 
to the Speed Request facility would have had any marked effect on treatment participants’ 
responses to questions in the baseline acceptability questionnaire nor to their subsequence 
driving performance, because of the facility’s relative simple interface and function. Indeed, 
treatment participants were typically aware of the Speed Request Button, experiencing no 
difficulty in identifying its location and in commenting on its function (Refer Appendix S for a 
copy of the treatment group Transfer of Training Drive Protocol and Appendix T for a copy of 
the protocol for the control group).  

5.4.4.b System Refresher 
As discussed in the section on Experimental Design, the nature of the study was such that 
treatment participants were not exposed to ISA and the Following Distance Warning system 
until at least 3,000 kilometres of driving had been accrued. Since this was quite some time 
since the first training event, a second training event was available to treatment participants for 
the purpose of re-familiarizing themselves with a system that was about to be enabled. As 
discussed in section 5.4.3 above, the System Refresher comprised an A5 sized booklet of only 
nine pages. It had two sections: one on the Following Distance Warning system, and one on 
ISA. An audio CD of the Following Distance Warning system audio warning completed the 
System Refresher package.  

At the end of their Briefing and Training session, treatment participants were instructed to refer 
to the refresher materials only at the appropriate times during the study. That is, the refresher 
training for the Following Distance Warning system was to be undertaken once the participant 
had received notification from the SafeCar messaging system that the Following Distance 
Warning system would be enabled from the start of the next trip. Similarly, the refresher 
training for ISA was to be undertaken once the participant had received notification from the 
SafeCar messaging system that ISA would be enabled from the start of the next trip. This 
refresher training only had to be undertaken once for each system, that is, immediately 
preceding activation of each of the two systems for the first time.  

5.4.5 Monitoring Participant Progress During the Study 

Having undertaken the Briefing and Training session, the participant’s task was to drive his/her 
SafeCar as he/she would any other vehicle. Participants had dedicated use of their vehicle for 
both business and recreational purposes over the next five months or for however long it took 
them to accrue 16,500 kilometres. The iButton, pre-programmed for each participant, remained 
in its holder in each SafeCar for the duration of the study.  

During the trial, treatment participants were informed, by the SafeCar messaging system, when 
the Following Distance Warning and ISA systems were going to next turn on or off. While the 
appropriate voice and text messages informing participants of such a system change were 
issued during a trip, it was not until the participant’s next trip that the system change came into 
effect. As noted above (see section 5.4.4), the first time participants received notification that 
the Following Distance Warning and ISA systems were about to become active, signalled to 
participants that they must undertake the appropriate refresher training. 

Participants were encouraged to report any technical problems that they encountered during the 
study as the problems occurred. They were also asked to telephone the Participant Liaison 
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Officer should they have any questions about the study or any general comments or 
observations that they would like to raise regarding the acceptability of the systems. All 
telephone calls to the Participant Liaison Officer from participants were logged in a database 
specifically constructed for this purpose. Each record in the database included information on 
the date of the call, the ID of the participant who made the call, the purpose of the call, and a 
description of any feedback given to the participant (see Appendix U for a screen shot of the 
form used to enter into the database the details of participants’ calls to the feedback line).  

To enable the Participant Liaison Officer to monitor participants’ progress during the study in 
terms of the number of kilometres travelled (hence, the phase of the study they were in), 
participants received a telephone call from the Participant Liaison Officer on average every two 
to three weeks. This telephone call also gave participants an additional opportunity to address 
any problems with the systems and/or to make any general comments about the study or the 
systems. This information was, in turn, entered into the database of calls to the feedback line by 
the Participant Liaison Officer.  

The Participant Liaison Officer’s routine call to participants served a third purpose. Based on 
the number of kilometres travelled by the participant to date at the time of the call, it enabled 
the Participant Liaison Officer to determine whether the participant was at the point in the 
study when the next questionnaire in the series was due to be administered. As discussed in 
detail in section 5.5.2 below, control participants were asked to complete seven questionnaires 
in total at various points during the study and treatment participants were asked to undertake up 
to nine questionnaires. As noted in section 5.4.1, all participants completed Preliminary 
Questionnaire Time 1 prior to their Briefing and Training session. Preliminary Questionnaire 
Time 2 was issued to participants at the Briefing and Training session and returned to the 
Participant Liaison Officer, once completed, within five days of having undertaken their 
session.  

Administration of subsequent questionnaires (some or all of Interim Questionnaire Times 1 to 
6) was contingent on the number of kilometres that had been accrued by the participant and, 
hence, the phase of the trial that the participant was in at the time of the telephone call. In 
general, participants were given the option of whether they wished to undertake the Interim 
Questionnaires over the telephone or on their own and in their own time using a paper and 
pencil format. All participants took the latter option. Hence, provided the participant was due 
for his/her next questionnaire, as determined at the time of the telephone call, the Participant 
Liaison Officer mailed the appropriate questionnaire to the participant. The participant was 
asked to complete the questionnaire and to mail it back, using the reply paid envelope provided, 
to the Participant Liaison Officer within two days of its receipt. The final questionnaire, the 
Post Questionnaire, was mailed to participants once they had accrued 16,500 kilometres, 
signalling the end of the study. Once received at MUARC, the responses from each 
questionnaire were entered into a confidential spreadsheet. No names were used; only the IDs 
assigned to participants at the commencement of the study were used. 

As noted in section 5.2.3 above, each SafeCar was equipped with a Data Logging system and 
all data logged by the system were stored on removable flash memory cards. Each flash 
memory card, however, only has limited capacity (64MB) and, so, it was imperative that 
participants replace their flash memory card with an empty one on a routine basis. 
Consequently, on a monthly basis, the Participant Liaison Officer mailed to participants an 
empty flash memory card. On receipt of the replacement flash memory card, participants were 
required to remove the current flash memory card from its socket in the console between the 
driver and front passenger seats, and insert the replacement card. This was to be undertaken 
when the vehicle was stationary and the ignition was turned off. Participants were also 
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instructed to complete a form by entering the following details: their ID number, their SafeCar 
registration number, the date and time of memory card replacement, and the SafeCar odometer 
reading at the time of memory card replacement. The participant was then required to mail the 
completed form along with the used flash memory card to the MUARC Technical Officer using 
the reply paid envelope provided. Once the used flash memory card with supporting 
information was received at MUARC, the information on the form was entered into a 
confidential spreadsheet and the data stored on the flash memory card were downloaded into a 
confidential database. Once again, no names were used, only participant IDs. Moreover, once 
the data from the flash memory card had been downloaded into the database, the card was 
emptied and then re-used. 

The downloaded data were then analysed for instances of sustained dangerous driving. This 
was defined as follows: 

• Non-use of seat belts. On more than three days in any week, a SafeCar occupant was 
detected not wearing a seat belt at any time during two or more trips on each of those days. 
This only applied when the SafeCar was travelling at a speed of 20 kilometres per hour or 
more. 

• Speed. On more than two days in any week, a Participant drove at speeds 15 kilometres an 
hour or more above speed limits for 10 percent or more of the time spent driving in a day. 

• Following distance. On more than two days in any week, a Participant was within Sixth 
Bar Time Headway for 15 percent or more of the time spent driving in a day while a vehicle 
was detected in front of the SafeCar. This only applied when the vehicle was travelling at a 
speed of 30 kilometres per hour or more. 

If a participant was found to be driving in a sustained dangerous manner, MUARC was legally 
obliged to notify the TAC, who in turn, notified the fleet administrator of the participant in 
question.  

In general, information on fuel purchases for each SafeCar during the study (for the purpose of 
measuring fuel consumption, see section 5.5.1 below) was obtained from fleet managers at the 
end of the study. However, in the event that participants were unable to use their fuel card to 
purchase fuel, participants were encouraged to enter the details of that fuel purchase into their 
Fuel Purchase Logbook issued to participants at the conclusion of their Briefing and Training 
session (see section 5.4.3 above and Appendix Q). 

5.4.6 Exiting the Study 

At the end of the study, that is once 16,500 kilometres of driving had been accrued, participants 
were required to deliver their SafeCar to their fleet manager or to the next participant in the 
study from within their organisation (refer Appendix V for a copy of the Exit Protocol). In 
addition, at the conclusion of the study, participants were sent in the mail a letter instructing 
them to remove their iButton and flash memory card and to return these items to MUARC in 
the reply paid envelope provided. Also, to ensure that the SafeCars would now function as 
normal cars, participants were instructed to disconnect the power to the SafeCar systems (refer 
Appendix W for a copy of the Exit letter to participants).  

Participants were also sent through the mail the Post Questionnaire and an invitation to attend 
an exit interview. Participants were asked to complete and return the Post Questionnaire to the 
Participant Liaison Officer, using the reply paid envelope provided, within five days of 
receiving the questionnaire.  



58 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

The purpose of the exit interview was to give participants the opportunity to raise any final 
questions or comments which they may have had with regards to the study itself or any of the 
systems in the SafeCars. To facilitate this process, the exit interviews followed a standard 
discussion guide (refer Appendix X for a copy of the discussion guide). Participants 
approached for a given interview were those participants who had completed the study within 
three to four weeks of each other.  

Two exit interviews were held with a total of four (3 treatment and 1 control) SafeCar 
participants. There were a number of reasons why only a small number of the 18 participants to 
have completed the trial to date attended an exit interview. First, the three participants who 
terminated their involvement in the study were not invited to attend an exit interview. Second, 
three participants indicated that they did not wish to attend an interview due to work 
commitments. Third, four participants contacted the Participant Liaison Officer to cancel their 
participation in a scheduled exit interview and were not able to attend another interview within 
the desirable time frame. Finally, four participants completed their trial more than four weeks 
before or after another participant and hence were not considered eligible for an interview.    

Each of the two exit interviews conducted lasted for approximately one hour. Each exit 
interview involved two participants and was held two weeks after the last person in a projected 
interview group had completed the on-road element of the study. The exit interviews were held 
in groups of at least two participants to allow participants to discuss their experiences in the 
study with other participants. The interviews were held at MUARC in the evenings. The 
Participant Liaison Officer facilitated the discussions while taking notes and taping the 
discussions on audiocassette for later reference if required. 

At the end of the study, participants were sent a letter thanking them for their involvement in 
the study. 

5.5 DATA COLLECTION 

Both objective and subjective data were collected during the study. Measures of driving 
performance were derived objectively from the data automatically recorded by the Data 
Logging system in each test vehicle (see section 5.2.3 above). In addition, data on fuel 
purchases for each vehicle (i.e. for each fuel purchase: the date, the number of litres of fuel 
purchased, and the vehicle odometer reading at the time of the fuel purchase) were obtained 
from participants’ own records and/or from the fuel purchase summary statements supplied to 
fleet administrators. These data were used to determine fuel consumption during the trial. 

Subjective measures of driver attitudes, driver acceptability of the systems under study, and of 
driver workload were obtained primarily through questionnaires. Acceptability data were also 
obtained through informal telephone conversations carried out at any time during the study 
(logged in the Feedback Line database) and the optional face-to-face exit interview. The 
acceptability data from these latter two subjective data collection techniques are presented and 
discussed along with the acceptability data obtained through the questionnaires in Appendix Y. 
Data collection through the questionnaires is discussed in section 5.5.2 below.  

5.5.1 Objective Data 

5.5.1.a Driving Performance 
As discussed earlier, a data logger was equipped to each of the SafeCar vehicles. The data 
logger recorded a number of driving parameters including speed, following distance and 
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whether a SafeCar occupant was unbuckled. The data logging system was capable of recording 
data relating to the ISA, Following Distance Warning and Seatbelt Reminder systems only. 
Driving data relating to the use of the Reverse Collision warning system and the Daytime 
Running Lights were not recorded in the study and, hence, were not included in the data 
analyses. A number of driving performance variables relating to the use of the ISA, FDW and 
SBR systems were examined in the on-road trial. Those considered in this report were: 

• Mean, median and maximum speeds and the Standard Deviation (SD) and 85th 
percentile of speed in free-flow conditions (where time headway from the vehicle ahead 
was equal to 3 seconds or more) were derived. 

• The percentage of time spent above the speed limit in each speed zone under both free-
flow and constrained speeding conditions. 

• Speed distributions for each trial period.  

• The mean travel time taken to complete each trip within each trial period.  

• Mean, minimum and SD of time headway while in following mode (where time 
headway was equal to 2 seconds or less) were derived. 

• The percentage of time spent in 3 time headway categories: 0 seconds to the level 6 
(auditory) warning; level 5 (visual) warning to level 1 (visual) warning; and from just 
before the level 1 visual warning was issued to 2.5 seconds. 

•  Percentage of trips undertaken where an occupant was unbuckled for any part of the 
trip. 

• Percentage of total driving time spent with a seatbelt unbuckled in each trial period for 
all speeds and when travelling at dangerous speeds (above 40 km/h). 

• Mean time taken to buckle up from the onset of Stage 1 SBR warning and the average 
speed reached before buckling up. 

• Several exposure-based measures were also examined including time and distances 
spent in each speed zone within each trial period and the number of speed zone changes 
experienced in each period.  

5.5.1.b Fuel Consumption and Emission Volumes 

The PKE model for the estimation of fuel consumption and vehicle greenhouse emissions was 
used to calculate the fuel consumption and emission volumes. This model estimates fuel 
consumption and emissions based on the speed profile of the vehicle. Fuel consumption was 
defined as the number of litres of fuel used per 100 kilometres travelled. Emission volumes 
were defined as the number of grams (NOx and HC) or kilograms (CO2) of gas released per 
kilometre travelled. A series of two-way ANOVAs was conducted to examine if there were any 
significant differences in fuel consumption and emission volumes across driving periods and 
driver groups. The results of the fuel consumption and emissions analyses are presented in 
Chapter 6. 
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5.5.1.c Estimated Crash Reductions 
Based on the results obtained from the logged driving data, the safety effects of the ISA, FDW 
and SBR system in reducing the incidence and severity of road crashes were estimated.  

For the ISA system, the Power Model developed by Nilsson (2004) was employed to estimate 
the reductions expected in injury and fatal crashes based on the decreases in mean speed 
observed when the ISA system was active. The expected reductions in those driving instances 
during which a collision with the lead vehicle would occur if the lead vehicle suddenly braked 
were modelled based on the observed increases in time headway when the FDW system was 
active. Finally, estimates of the cost savings expected from the use of the SafeCar SBR system 
were calculated by first determining the cost of unrestrained occupants in Australia, and, 
second, the cost savings associated with seat belt use. The method used to calculate these cost 
savings was drawn completely from a report by Fildes, Fitzharris, Koppel and Vulcan (2002). 
Cost of injury to unrestrained occupants was determined by using cost and injury data from the 
Bureau of Transport and Regional Economics (BTRE; 2001). Cost savings associated with 
seatbelt wearing were calculated by using HARM, which quantifies injury costs from road 
trauma.  

5.5.2 Subjective Data 

The purpose of the questionnaires was to assess: participants’ acceptance of the technologies 
under study; the level of workload experienced by participants while interacting with the 
various systems as they were issuing warnings; and to examine several other factors and 
attitudinal dimensions that were thought to impact on driver acceptability of the systems and 
driver performance. An overview of the questionnaires administered in the on-road study is 
given in Table 5.3. This Table also provides an indication of when, during the study, the 
various questionnaires were administered; the content of the questionnaires; and to whom each 
questionnaire was administered. The questionnaires can be found in Appendices Z to AH. 
Detailed explanatory notes accompany Interim Questionnaire Times 1 to 6 and the Post 
Questionnaire. 

The information in this section is largely a summary of that from the relevant sections in 
Mitsopoulos, Regan, Triggs and Tierney (2003) and Regan, Mitsopoulos, Triggs et al. (2003). 
Accordingly, for further detail on the measurement of acceptability, workload and attitudes in 
the TAC SafeCar on-road study the reader is referred to Mitsopoulos et al. (2003) and Regan, 
Mitsopoulos, Triggs et al. (2003).  

5.5.2.a Acceptability 

The objectives of acceptability measurement in the on-road study were: to track changes in 
driver acceptability of the ITS systems in the SafeCars over time; and to identify barriers to 
acceptance.  

For the purposes of the on-road study, acceptability was defined in terms of the following five 
constructs: usefulness, effectiveness, usability, affordability, and social acceptability. This 
definition was based on the models of Davis (1989) and Nielsen (1993). To be useful, users 
must perceive the system to serve a purpose – it must meet their needs. To be effective, users 
must believe that the system does what it is designed to do. To be usable, users must consider 
the system: easy to learn how to use and to remember how to use; efficient and easy to use, 
once they have learned how to use it; and satisfying to use. Affordability deals with the question 
of how much users are willing to pay to purchase and maintain the system. Social acceptability 
is concerned with the broader social issues that users may take into account in assessing 
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whether an ITS is acceptable, for example the system’s impact on one’s privacy, and what level 
of automation is tolerable before it is felt that too much control is being taken away from the 
user.  

The first acceptability questionnaire, Preliminary Questionnaire Time 2, was administered to 
all participants at the beginning of the study, once participants had completed their training in 
how to operate the candidate ITS systems, but before actual use of the systems. This 
questionnaire formed the baseline measure of acceptability, and comprised questions designed 
to assess the acceptability of all five ITS technologies in the SafeCars.  

Table 5.3. Questionnaires administered in the on-road study at each point of administration 
Administration Questionnaire content Group Systems being assessed 
Baseline (before 
training) 
 
(Preliminary 
Questionnaire 
Time 1 – 
Appendix Z) 
 

• Personal details  
• Experience with technology 
• Driving experience 
• Driver behaviour 
• Vehicle purchase criteria 
• Awareness of road safety 

issues 
• Attitudes to driving 

behaviours addressed by 
candidate ITS 

• Attitudes to ITS  
• Attitudes to other road 

safety countermeasures 

Treatment & 
Control 

Not applicable 

Baseline  
(after training) 
 
(Preliminary 
Questionnaire 
Time 2 – 
Appendix AA) 

Acceptability (Usefulness, 
Effectiveness, Affordability, 
Social acceptability) 

Treatment & 
Control 

ISA; Following Distance Warning; Seat 
Belt Reminder; Reverse Collision 
Warning; Daytime Running Lights  

Before 2 Acceptability (Usability) Treatment & 
Control  

Seat Belt Reminder; Reverse Collision 
Warning 

(Interim 
Questionnaire 
Time 1 – 
Appendix AB) 

Workload Treatment & 
Control 

Baseline driving; Baseline reversing; 
Seat Belt Reminder; Reverse Collision 
Warning 

During 1 
(Interim 
Questionnaire 
Time 2 – 
Appendix AC) 

Acceptability (Usability) Treatment (ISA) OR (Following Distance 
Warning) OR (ISA & Following 
Distance Warning); System Override, 
Master Volume Control; Visual 
Warning Display 

After 1 Acceptability (Usefulness, 
Effectiveness, Affordability, 
Social acceptability) 

Treatment ISA; Following Distance Warning; Seat 
Belt Reminder; Reverse Collision 
Warning; Daytime Running Lights  

(Interim 
Questionnaire 
Time 3 – 
Appendix AD) 

 Control Seat Belt Reminder; Reverse Collision 
Warning; Daytime Running Lights 

 Workload Treatment Baseline following; [(ISA) OR 
(Following Distance Warning)] OR 
[Message priority]  
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Table 5.3. (continued) Questionnaires administered in the on-road study at each point of 
administration 

Administration Questionnaire content Group Systems being assessed 
During 2 
 
(Interim 
Questionnaire 
Time 4 – 
Appendix AE) 

Acceptability (Usability) Treatment* (ISA) OR (Following Distance 
Warning) 

After 2 Acceptability (Usefulness, 
Effectiveness, Affordability, 
Social acceptability) 

Treatment  ISA; Following Distance Warning; Seat 
Belt Reminder; Reverse Collision 
Warning; Daytime Running Lights  

(Interim 
Questionnaire 
Time 5 – 
Appendix AF) 

 Control Seat Belt Reminder; Reverse Collision 
Warning; Daytime Running Lights 

 Workload Treatment [(ISA) OR (Following Distance 
Warning)] OR [Message priority] 

After 3 Acceptability (Usefulness, 
Effectiveness, Affordability, 
Social acceptability) 

Treatment & 
Control 

ISA; Following Distance Warning; Seat 
Belt Reminder; Reverse Collision 
Warning; Daytime Running Lights 

(Interim 
Questionnaire 
Time 6 – 
Appendix AG) 

Workload Treatment [(ISA) OR (Following Distance 
Warning)] OR [Message priority]  

End 

 

(Post 
Questionnaire – 
Appendix AH) 

• Driver behaviour 
• Awareness of road safety 

issues 
• Attitudes to driving 

behaviours addressed by 
candidate ITS 

• Attitudes to ITS  
• Attitudes to other road 

safety countermeasures 

Treatment & 
Control 

Not applicable 

*  Only those treatment participants who were not exposed to both ISA and the Following Distance Warning system in 
During 1 completed this questionnaire. 
 
 
All acceptability dimensions, except usability, were assessed as part of the baseline 
acceptability questionnaire. It has been argued that the usability of a system cannot be reliably 
assessed without prior physical interaction with that system and that issues pertaining to the 
usability of a system are more salient to users when use of the system is under conscious 
control. Consequently, in the current study, usability assessments of the technologies in the test 
vehicle occurred early in participants’ first period of exposure to a given system. Control 
participants completed only one questionnaire on usability (Interim Questionnaire Time 1) and 
treatment participants completed up to three (Interim Questionnaire Times 1, 2 and 4). 

Questionnaires to assess usefulness, effectiveness, affordability and social acceptability 
(subsequent to the baseline) were administered during each of the three After periods. In each 
of these three questionnaires, treatment participants were asked to assess the acceptability of 
the five candidate technologies. The same questions were used in all three questionnaires and 
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the baseline to enable comparison of responses over time and examination of the effects of 
system exposure on acceptability. 

Control participants were also asked to undertake an additional three questionnaires during the 
study to assess changes in usefulness, effectiveness, affordability and social acceptability. 
These questionnaires were undertaken at the same points in the study as for the treatment 
group. In the first and second of these questionnaires, control participants were asked to judge 
the acceptability of the Seat Belt Reminder system, Reverse Collision Warning system and 
Daytime Running Lights only. The questions were the same as those administered in the 
baseline and to the treatment group for these three systems. For the third acceptability 
questionnaire, control participants were asked to comment on the acceptability of all five 
candidate systems, using the same questions as those administered in the baseline and to the 
treatment group. Therefore, it could be ascertained whether control participants’ acceptability 
of ISA and the Following Distance Warning was the same over time or whether exposure to the 
Seat Belt Reminder and Reverse Collision Warning systems had an effect on the level of 
acceptance of the two systems to which the control participants were not exposed.   

5.5.2.b Workload 
In its most general sense, workload relates to the difference between the amount of resources an 
individual can, or is willing to, allocate to a task and the amount of resources demanded by the 
task (Advisors, 2001; Sanders & McCormick, 1993). It is recommended that ITS systems be 
designed in such a way that driver workload is not increased to a level that may compromise 
safety (Advisors, 2001; Regan, Oxley et al., 2001). A range of methods is available to measure 
mental workload. A popular method is the use of self-report scales, since they have high face 
validity and are relatively easy and inexpensive to administer.   

A widely used subjective measure of workload is the NASA – Raw Task Load Index (NASA-
RTLX) (Byers, Bittner & Hill, 1989). This measure was used in the current study. It is a multi-
dimensional rating procedure that provides a numerical score (from 0 to 100) for each of six 
workload dimensions (mental demand, physical demand, time demand, performance, effort, 
and frustration level) and an overall workload score, calculated by averaging the scores across 
the six dimensions. The participant’s task is to indicate, for each of the six dimensions, the 
level of workload that was experienced while performing a given task. The scales range from 
“low” on the left to “high” on the right for all dimensions with the exception of performance. In 
this case, the scale ranges from “good” on the left to “poor” on the right.  

As shown in Table 5.3 all participants in the on-road study were asked to indicate the level of 
workload experienced in each of the following tasks/situations as part of the questionnaire 
administered in the Before 2 period (Interim Questionnaire Time 1): while driving during the 
period before the ITS systems became active (baseline driving); while reversing during the 
period before the ITS systems became active (baseline reversing); while driving and Seat Belt 
Reminder warnings were being issued; and while reversing and Reverse Collision warnings 
were being issued. Treatment participants were also asked to estimate the level of workload 
experienced: while driving behind another car during the period before the ITS systems became 
active (baseline following); while driving and ISA warnings were being issued; and while 
driving and Following Distance warnings were being issued. For convenience, and in order not 
to introduce any additional questionnaire interventions, these data were collected as part of the 
After period acceptability questionnaires (Interim Questionnaire Times 3, 5 and/or 6).  

The baseline driving measure provided the appropriate comparison for the ISA and Seat Belt 
Reminder workload estimates, while the baseline reversing measure gave the appropriate 
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comparison for the Reverse Collision Warning system. Similarly, the baseline following 
measure provided the appropriate comparison for workload while Following Distance system 
was active. Comparisons with baseline estimates of workload are critical, as they are the only 
way of determining whether there is an effect of a particular system on driver workload. 

Of additional interest was whether drivers felt comfortable in situations where they may have 
received concurrent warnings from multiple systems. Accordingly treatment participants were 
asked a series of questions to address this issue in the After period following the During period 
in which both ISA and the Following Distance Warning system were active in their vehicles 
(Interim Questionnaire Times 3, 5 or 6).  

5.5.2.c Attitudes and Other Factors 
Several additional factors were measured for their predicted impact on driver performance and 
acceptance of the various technologies under study. These were: awareness of road safety 
issues (crash problems, legislation, enforcement, advertising, risk perception); attitudes towards 
the driving behaviours addressed by the candidate ITS technologies (e.g. excessive speed, close 
following); attitudes towards ITS technologies in general; and attitudes towards other road 
safety countermeasures that target the behaviours addressed by the candidate ITS technologies 
(e.g. speed humps, advertising, speed cameras, penalties). Driver behaviour/driving style was 
also assessed using a version of the Driver Behaviour Questionnaire (DBQ) adopted by Åberg 
and Rimmö (1998). The DBQ is a well-researched instrument designed to assess driver 
experiences with, and reactions to, a range of situations encountered in everyday driving. 
Factor analysis of the DBQ by Åberg & Rimmö (1998) revealed a four-factor structure. The 
four factors were labelled: violations, mistakes, lapses due to inattention and lapses due to 
inexperience. The violations factor refers to deliberate behaviours such as speeding, tailgating 
and risky overtaking manoeuvres. The mistakes factor concerns misjudgements while driving 
and includes behaviours such as misjudging distance and speed, and misreading road signs. The 
inattention factor refers to behaviours such as failing to notice road signs and traffic signals. 
Finally, the inexperience factor refers to behaviours such as shifting into the wrong gear and 
forgetting to remove the parking brake. For each of the 32 items, participants were required to 
indicate on a six-point scale (0 = never, 1 = very seldom, 2 = rather seldom, 3 = sometimes, 4 = 
often, 5 = very often) how often they engage in the behaviour. 

The attitudinal and other factors were assessed both at the beginning of the study (Preliminary 
Questionnaire Time 1) and at the end (Post Questionnaire). By comparing “preliminary” and 
“post” responses within each of the treatment and control groups, and both “preliminary” and 
“post” responses separately between treatment and control groups, it was possible to ascertain 
what impact interaction with the ITS technologies had on driving style, awareness of road 
safety issues, and the attitudes under study. As shown in Table 5.3, baseline data were also 
collected on participants’ personal details (e.g. age), driving experience and prior experience 
with technology, and use of both in-vehicle technologies (e.g. cruise control, navigation) and 
out-of-vehicle technologies (e.g. internet, digital camera, DVD player). These data provided 
important information on the profile of drivers participating in the on-road study. 
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CHAPTER 6   LOGGED DRIVING DATA – RESULTS 

 
This chapter presents results pertaining to the effects on driving behaviour and performance of 
the ISA, following distance warning, and seatbelt reminder systems. The data from the reverse 
collision warning system were not logged during the on-road trial and, thus, the effect of this 
system on driving behaviour was not evaluated as part of the logged data analyses. 

6.1 DATA SCREENING AND ANALYSIS 

Initial data screening revealed that several participants in the treatment group and one 
participant in the control group had missing data for one or more driving periods. Where a 
participant was missing data for only one driving period, the missing values were imputed 
using the group mean substitution method (Tabachnick & Fidell, 2001). For participants that 
had data missing for more than one driving period for a particular analysis, these were deleted 
from the analysis (these participants were included in other analyses for which they had 
appropriate data). Inspection of the histograms, normal-probability plots and the ratios of 
skewness and kurtosis to their respective standard errors revealed no strong departures from 
normality and no extreme univariate outliers on driving measures (e.g., mean speed) exceeding 
a criterion of ± 3 standard deviations for the ISA and FDW data. For the Seatbelt Reminder 
system, the data for two participants, whose SBR system was malfunctioning early in their trial, 
were excluded from all SBR analyses.  

For the logged data the primary analysis method used was Analysis of Variance (ANOVA). 
Two types of analyses were conducted. The first involved analysis of only the data from 
treatment subjects, where performance in the various periods - Before, During and After 
exposure to the ITS technologies - was compared. This involved a series of planned 
comparisons and one-way repeated measures ANOVAs. Whilst statistically powerful, this set 
of analyses did not take into account uncontrolled variables that may over the trial have 
influenced driving performance. In order to control for the possible effects of such variables, an 
additional set of analyses was undertaken that incorporated the data from control subjects. 
These involved a series of 2- and 3-way mixed-model ANOVAs to analyse the effects of the 
SafeCar systems on treatment group drivers’ performances relative to those of the control 
drivers. A significance level of α = 0.05 was used for all analyses. For those analyses where the 
data demonstrated heterogeneity of covariance, a correction that lowered the degrees of 
freedom (e.g. Greenhouse-Geisser) was used in order to reduce the occurrence of Type 1 errors. 
For all post-hoc analyses a significance level of α = .025 was adopted to control for Type 1 
errors. It is acknowledged that a large number of analyses are being conducted and reported in 
this report, however, given the exploratory nature of the research, no correction for Type 1 
error (apart from the more stringent alpha levels described above) has been applied. 

6.2 INTELLIGENT SPEED ADAPTATION  

Before analysis, the data were filtered using the following parameters: 

• only data for 50, 60, 70, 80 and 100 km/h roads were analysed; 

• unless otherwise indicated, only observations where the time headway between the SafeCar 
and the vehicle ahead was greater than or equal to 3 seconds were analysed (free-speeds). 
This ensured that the observed speeds were not constrained by the vehicle ahead; 
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• unless otherwise stated, only observations where the SafeCar was travelling within 20 km/h 
above and below the speed limit were analysed; and 

• only observations where the windscreen wipers, indicators and brakes were not activated 
were analysed. 

The effects of the ISA and the Following Distance Warning systems, alone and in combination, 
on mean, median and maximum driving speeds, the 85th percentile of speed and speed 
variability were examined for the treatment and control drivers. For these measures, free-flow 
conditions where speed was unobstructed by other vehicles (e.g., inter-vehicular distance equal 
to or greater than 3 seconds time headway) were analysed. The proportion of total driving time 
spent above the speed limit was also examined across the trial periods in which ISA was active 
for both free-flow speeds and constrained speeds (where time headway was equal to or less 
than 2 seconds). Free-flow speed distribution profiles are also presented for the treatment and 
control drivers for each trial period where ISA was active. The results of each of these analyses 
are discussed separately in the following sections. 

6.2.1 Mean Speed 

Mean Speed – Baseline Comparisons 

Mean (and Standard Deviation) free-flow speeds were first compared across the treatment and 
control drivers for the Before 1 and 2 baseline periods and the three After driving periods in 
order to determine if there were any differences in mean driving speeds across these two groups 
during the periods when neither of the key ITS systems (ISA and/or FDW) were active. For the 
control drivers, the Before 1 period was equivalent to the Control 1 period and the Before 2 
period was equivalent to the first 1,500 kilometres of the Control 2 period. The After 1, 2 and 3 
driving data for the control drivers corresponded to those 1,500 kilometre segments of the 
Control 2 period in which the treatment drivers were in the three After periods (the After 1 
period, for example, represents the trial period from when 6,000 kilometres have been accrued 
to when 7,500 kilometres have been accrued). The mean speeds during these periods are shown 
in Table 6.1.  

 

Table 6.1. Mean (and Standard Deviation) free-flow speeds across the Before 1 and 2 and the 
three After driving periods for the treatment (n = 15) and control (n = 8) drivers. 
Speed zone   Before 1 Before 2 After 1 After 2 After 3 
50 km/h Treatment  45.45 (2.80) 46.55 (2.82) 45.70 (2.63) 45.69 (2.63) 45.15 (2.31) 
 Control  45.86 (2.56) 46.49 (2.86) 47.43 (3.09) 47.53 (3.76) 46.30 (2.84) 
60 km/h Treatment  57.24 (2.13) 57.40 (2.09) 57.31 (2.21) 57.03 (2.31) 56.62 (2.30) 
 Control  59.06 (1.15) 59.36 (1.14) 59.01 (2.38) 59.00 (1.58) 59.01 (0.89) 
70 km/h Treatment  65.55 (2.25) 65.99 (2.44) 66.84 (3.13) 66.16 (2.74) 65.47 (2.12) 
 Control  67.56 (1.23) 67.63 (2.31) 68.03 (2.12) 68.22 (1.51) 68.38 (2.00) 
80 km/h Treatment  75.42 (2.46) 75.57 (2.65) 75.94 (2.98) 76.09 (3.39) 75.34 (2.99) 
 Control  75.99 (1.38) 76.61 (1.19) 77.16 (1.87) 76.61 (1.43) 76.57 (1.56) 
100 km/h Treatment  96.53 (2.52) 95.81 (3.26) 96.61 (3.17) 97.20 (3.18) 95.07 (2.50) 
 Control  96.06 (2.26) 97.57 (2.04) 97.38 (2.13) 96.31 (3.78) 98.05 (2.25) 
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As displayed, there was a general trend for both treatment and control participants to travel 
under the speed limit in all speed zones across all driving periods. There was also a trend for 
the control drivers to travel at slightly higher speeds than treatment drivers. However, this 
difference was marginal. 

The results of ten 2-way mixed-model ANOVAs (two for each speed zone: one comparing the 
Before periods and one comparing the After periods) revealed a main effect for driving period 
in the 50 km/h zones only (F (1,21) = 11.01, p = .003), whereby the drivers in each group 
travelled significantly faster (approx. 1 km/h) in the Before 2 period, when the SBR and RCW 
systems were active, compared to the Before 1 period. No significant differences in mean speed 
were found across the Before 1 and 2 periods in 60, 70, 80 and 100 km/h zones. 

Results also revealed that the control drivers travelled significantly faster than treatment drivers 
across the Before 1 and 2 periods in the 60 km/h (F (1,21) = 5.97, p = .024) and 70 km/h (F (1,21) 
= 4.39, p = .048) zones. No other significant differences in baseline mean speeds were found 
between the control and treatment drivers in other speed zones. 

 
Mean Speeds – Treatment Drivers 

Mean speeds were also examined across the treatment drivers’ trial in order to examine the 
effect of the ISA system, the FDW system, and both systems in combination on speeding 
behaviour before, during and after exposure. As each treatment driver received the ISA and 
FDW systems in different orders and, hence drivers received different systems in the During 1, 
2 and 3 periods, it was necessary to present the data in the form of ISA alone, FDW alone and 
ISA & FDW combined During periods to avoid inferring that all drivers received the same 
system in each of the During periods. The data for the ISA, FDW and ISA & FDW driving 
periods are presented separately. In each case, data are presented for the following periods: 

• Before 1 period; the ISA, FDW or ISA & FDW ‘Before’ period, which corresponds to the 
period directly before the drivers received a particular system(s);  

• the ISA, FDW and ISA & FDW ‘During’ periods, which corresponds to the During period 
in which each driver received either of these three system combinations; and  

• the ISA, FDW and ISA & FDW ‘After’ periods, which correspond to the After period 
directly following the During period in which each driver received either of these three 
systems.  

It is important to note that the After periods reported here do not represent the period after the 
participants had accrued the 16,700 kilometres and were no longer receiving any warnings from 
the SafeCar systems. This final ‘after trial’ period was included at the end of the trial, so that a 
small amount of driving data could be obtained for drivers after all SafeCar systems, including 
the SBR and RCW systems, had been switched off. The final after trial period data are not 
reported, as only half of the participants completed this period. 

Table 6.2 displays the treatment drivers’ mean speed in each speed zone for the ISA alone, 
FDW alone and ISA and FDW combined driving periods. As displayed, there was a trend for 
the treatment drivers mean speeds to decrease from Before levels in the During periods when 
the ISA system (alone or combined with the FDW) was active. There was also a trend for mean 
speeds to increase again in the After periods when the ISA system was deactivated. These 
trends were not observed when the FDW system alone was activated, with mean speeds 
comparable across the FDW Before, During and After periods. 



68 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

A series of four planned comparisons was conducted to examine differences in mean speeds 
across the Before and During periods, the During and After periods, the Before and After 
periods and across four 750 kilometre segments of the During periods. The data for several 
drivers, two for the ISA alone and the ISA and FDW combined periods, and one for the FDW 
alone periods, were excluded from the analyses as they had data missing for these periods. 

 

Table 6.2. Mean (and SD) free-flow speeds across the ISA alone, FDW alone and ISA and 
FDW combined driving periods for the treatment and control drivers. 

Driving period   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Before ISA Treatment1  45.90 (2.33) 57.16 (2.02) 65.74 (2.53) 75.94 (2.97) 96.27 (3.59) 
 Control  47.15 (3.15) 56.12 (1.71) 67.96 (1.94) 76.80 (1.48) 97.08 (2.71) 
During ISA Treatment1  45.16 (2.83) 56.03 (1.86) 64.81 (2.24) 74.55 (2.10) 95.36 (2.76) 
 Control  47.11 (2.87) 58.98 (1.64) 68.05 (1.88) 76.67 (1.45) 97.46 (2.06) 
After ISA Treatment1  45.74 (3.46) 56.77 (2.45) 66.04 (3.02) 76.08 (3.02) 95.85 (2.44) 
 Control  47.09 (3.16) 59.01 (1.65) 68.21 (1.82) 76.79 (1.59) 97.24 (2.79) 
Before ISA&FDW Treatment1  45.85 (2.89) 57.42 (2.18) 66.44 (2.77) 75.64 (2.87) 96.28 (3.79) 
 Control  47.15 (3.15) 59.12 (1.71) 67.96 (1.94) 76.80 (1.48) 97.08 (2.71) 
During ISA&FDW Treatment1  44.77 (2.07) 56.02 (1.96) 65.06 (1.73) 74.14 (1.72) 95.10 (2.30) 
 Control  47.11 (2.87) 58.98 (1.68) 68.05 (1.88) 76.67 (1.45) 97.46 (2.06) 
After ISA&FDW Treatment1  45.46 (2.74) 57.28 (2.23) 66.50 (2.81)  75.15 (2.81)  95.87 (3.53) 
 Control  47.09 (3.16) 59.01 (1.65) 68.21 (1.82) 76.78 (1.58) 97.24 (2.79) 
Before FDW Treatment2  46.72 (2.97) 57.66 (2.09) 66.92 (3.09) 75.72 (3.12) 96.62 (2.39) 
 Control  47.15 (3.15) 59.12 (1.71) 67.96 (1.93) 76.80 (1.48) 97.09 (2.71) 
During FDW Treatment2 46.49 (2.75) 57.39 (2.10) 66.40 (2.82) 76.27 (3.06) 96.92 (2.90) 
 Control  47.12 (2.86) 58.98 (1.64) 68.05 (1.88) 76.67 (1.45) 97.46 (2.06) 
After FDW Treatment2 45.52 (2.49) 57.04 (2.18) 66.22 (2.73) 76.27 (3.38) 97.31 (3.00) 
 Control  47.09 (3.16) 59.01 (1.65) 68.21 (1.82) 76.78 (1.59) 97.24 (2.79) 

Treatment: 1 = (n=13), 2 = (n=14) Control: (n=8) 
 
 
Results of the mean speed analyses revealed that when ISA alone was active, the drivers’ mean 
speed reduced significantly (by up to 1.4 km/h) from Before ISA levels in the 60 km/h zones (t 
(12) = 3.88, p = .002), 80 km/h zones (t (12) = 4.34, p = .001) and the 100 km/h zones (t (12) = 2.55, 
p = .026). However, mean speeds were significantly higher (by up to 1.5 km/h) in the After ISA 
period compared to the During period in the 70 km/h zones (t (12) = 2.27, p = .042) and 80 km/h 
zones (t (12) = 5.03, p < .001), suggesting that mean speeds increased again after ISA was 
deactivated. Indeed, no significant differences in mean speed were found between the Before 
and After periods.  

In addition, mean speeds also increased significantly (by up to 1.8 km/h) over the four 750 km 
segments of the During period in the 70 km/h zones (F (3,33) = 4.52, p = .009). There was also a 
trend for mean speed to increase across the four segments of the During ISA period in the other 
four speed zones, however these differences were not significant. These findings suggest that 
the drivers may have became habituated to the ISA warnings over the course of the During 
period and started to ignore the warnings or tolerate them for longer periods of time. 
Alternatively, the drivers may have stated to use the upward pressure on the accelerator as a 
kind of cruise control system. 
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Similar results were revealed when the ISA and FDW systems combined were active. Mean 
speeds reduced significantly (by up to 1.5 km/h) from Before levels when the ISA and FDW 
systems were active. This was found for the 50 km/h zones (t (12) = 2.42, p = .033), 60 km/h 
zones (t (12) = 4.62, p = .001), 70 km/h zones (t (12) = 2.30, p = .040) and 80 km/h zones (t (12) = 
2.44, p = .031). Mean speeds, however, were significantly higher (by up to 1.4 km/h) in the 
After ISA and FDW period compared to the During period for the 60 km/h zones (t (11) = 3.68, 
p = .004) and 70 km/h zones (t (11) = 2.79, p = .017), suggesting that mean speeds increased after 
the ISA and FDW systems turned off. No significant differences in mean speed were found 
between the Before and After periods.  Finally, although there was a trend for mean speed to 
increase slightly (by 0.97 km/h) over the four 750 km segments of the During period, this 
difference was not significant.  

No significant differences in mean speed was found across the Before, During and After 
periods when the FDW system alone was active, suggesting that the use of this system alone 
had little or no influence on speed. 

 
Mean Speeds – Treatment Versus Control 

Mean speeds across the SafeCar trial were also compared between the treatment and control 
groups. Mean speeds were compared across the ISA alone, FDW alone and ISA and FDW 
combined driving periods. For the control drivers, the data used for the Before, During and 
After periods were those segments of the Control 2 period that corresponded to the treatment 
drivers’ Before, During and After periods (i.e., the controls’ Before ISA data correspond to the 
period where the treatment drivers were in the Before ISA period). The control drivers’ mean 
speed in each of five speed zones for the ISA, FDW and ISA and FDW combined driving 
periods is displayed in Table 6.2. As illustrated, the control drivers drove at slightly higher 
speeds in each speed zone than the treatment drivers and their mean speeds across the trial 
remained fairly constant. 

A series of 3-way mixed ANOVAs was performed to compare the treatment and control 
drivers’ mean speeds across the trial. The independent variables examined in the analyses 
included group (treatment versus control), driving period (Before, During and After) and 
treatment order (During 1, 2 and 3), which corresponded to the During period in which the 
treatment drivers received the ISA alone, FDW alone and ISA and FDW combined periods. 
The control drivers’ data were matched to each treatment order, so that for those treatment 
drivers who received, for example, the ISA system alone in the first During period, the control 
drivers’ data from those trial segments that corresponded to the first During period were used 
as a comparison. Similarly, for those treatment drivers who received ISA alone in the second 
and third During periods, the control drivers’ data from those trial segments that corresponded 
to the second and third During periods, respectively, were used as the comparison data. 

Results of the 3-way ANOVAs for those periods when the ISA system alone was active 
revealed a main effect for group in the 70 km/h zones (F (1,28) = 21.53, p < .001), whereby the 
control drivers drove at significantly higher speeds (3 km/h) over the Before, During and After 
periods than did the Treatment drivers. In addition, a significant group by driving period 
interaction was revealed for the 60 km/h zones (F (2,56) = 3.76, p = .032) and the 80 km/h zones 
(F (2, 56) = 3.93, p = .025). More specifically, for both the 60 and 80 km/h zones, the treatment 
drivers’ mean speeds when the ISA system was active were significantly lower than what they 
were in both the Before ISA (p < .002) and After ISA (p < .030) periods, however, the control 
drivers’ mean speeds did not differ over the driving periods. No significant differences in mean 
speed were found across groups or the different driving periods in 50 or 100 km/h zones.  
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When the ISA and FDW systems combined were active, the results revealed a significant main 
effect for group in the 50 km/h zones (F (1,31) = 9.69, p = .004), 70 km/h zones (F (1,30) = 27.74, 
p < .001), 80 km/h zones (F (1,30) = 27.71, p < .001) and the 100 km/h zones (F (1,30) = 8.89, p = 
.006), whereby the control drivers drove at significantly higher speeds (3.6 km/h) over the 
Before, During and After periods than did the Treatment drivers. In addition, a group by 
driving period interaction was revealed for the 60 km/h zones (F (2,60) = 3.55, p = .035). For the 
60 km/h zones, while the control drivers mean speed did not differ across the driving periods, 
the treatment drivers’ mean speed when the ISA and FDW systems were active was 
significantly lower than what it was in both the Before (p = .001) and After (p = .004) periods.  

When the FDW system alone was active, the results revealed a significant main effect for group 
in the 60 km/h zones (F (1,32) = 7.87, p = .008) and 70 km/h zones (F (1,32) = 5.79, p = .022), 
whereby the control drivers drove at significantly higher speeds (1.8 km/h) over the Before, 
During and After periods than did the Treatment drivers. No significant differences in mean 
speed were found across groups or the different FDW driving periods in 50, 80 or 100 km/h 
zones. 

 
Mean Speed – Driver Age 

A series of 3-way mixed ANOVAs was conducted to assess the effect of driver age on mean 
speed. These analyses were conducted for the ISA alone and the ISA and FDW combined 
driving periods. Three independent variables were examined: group (treatment versus control), 
driving period (Before, During and After) and age (45 years and under versus over 45 years). 
As no significant main effect of treatment order were found in the overall mean speed analyses 
above, this factor was not included in any further mean speed analyses. For the ISA alone 
driving periods, the results revealed a significant main effect for age in the 60 km/h zones (F 
(1,30) = 5.76, p = .023) and the 100 km/h zones (F (1,30) = 4.54, p = .041), such that the drivers 
aged over 45 years drove significantly slower (up to 1.7 km/h slower) during these periods than 
did the drivers aged 45 years and under. No significant effects of driver age on mean speed 
were found for the ISA and FDW combined driving periods.  

Mean Speed – Driver Behaviour and Attitudes 

The effect of driver behaviour and attitudes towards ITS and speeding on the effectiveness of 
the ISA system was examined in a series of 3-way mixed ANOVAs. Driver behaviour/driving 
style was assessed using the short version of the Driver Behaviour Questionnaire (DBQ), in 
which drivers are asked to rate, on a 6-point scale from 0 to 5, how often they experience 
certain situations while driving (Åberg & Rimmö, 1998). The DBQ has four factors labelled: 
violations, mistakes, lapses due to inattention and lapses due to inexperience. Violations refer 
to deliberate behaviours such as speeding and tailgating. Mistakes concern misjudgements 
while driving and include behaviours such as misjudging distance and speed. Inattention refers 
to behaviours such as failing to notice road signs and traffic signals. Finally, inexperience refers 
to behaviours such as shifting into the wrong gear and forgetting to remove the parking brake. 
Differences in the effectiveness of the ISA system in reducing mean speed were examined 
across drivers who scored high or low on the four DBQ factors. Each of the four DBQ factors 
was analysed separately. The analyses were conducted for the ISA alone and ISA and FDW 
combined Before, During and After periods. The independent variables examined included: 
group (treatment versus control), driving period (Before, During and After) and DBQ factor 
score (high versus low). For the DBQ factor score, groups were divided according to the group 
median into those who scored high (above median) and low (below median) on each factor.  
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For the ISA alone driving periods, the results revealed a significant main effect for the 
inexperience factor in the 50 km/h zones (F (1,30) = 5.76, p = .023) and the 80 km/h zones (F 
(1,30) = 4.54, p = .041). For the 50 km/h zones, drivers who scored low on the lapses due to 
inexperience factor drove significantly faster across the ISA alone driving periods than did the 
drivers who scored high on this factor. In contrast, for the 80 km/h zones, drivers who scored 
high on the lapses due to inexperience factor drove significantly faster across the ISA alone 
driving periods than did the drivers who scored low on this factor. No significant differences in 
mean speed were found across the ISA periods for drivers who scored differently on the 
violations, mistakes or lapses due to inattention sub-scales.  

For the ISA and FDW combined driving periods, similar results were revealed. A significant 
main effect for the inexperience factor was found in 50 km/h zones (F (1,32) = 6.73, p = .014), 70 
km/h zones (F (1,32) = 4.65, p = .039) and the 80 km/h zones (F (1,32) = 5.21, p = .029). For 50 
km/h zones, drivers who scored low on lapses due to inexperience drove significantly faster 
across the ISA and FDW driving periods than did the drivers who scored high on this factor. In 
contrast, for the 70 and 80 km/h zones, drivers who scored high on lapses due to inexperience 
drove significantly faster across the ISA and FDW driving periods than drivers who scored low 
on this factor. No significant differences in mean speed were found across the ISA and FDW 
periods for drivers who scored differently on the violations, mistakes or lapses due to 
inattention sub-scales.  

The effect of driver attitudes to ITS technologies and general driving behaviours, including 
speeding and tailgating, on the effectiveness of the ISA system in reducing mean speeds were 
also examined. Driver attitudes to ITS and driving behaviours were obtained from responses to 
the Interim 6 Questionnaire. The analyses were conducted for the ISA alone and ISA and FDW 
combined driving periods. The independent variables examined included: group (treatment 
versus control), driving period (Before, During and After) and attitude to ITS (positive versus 
negative) and attitudes towards certain driving behaviours (positive versus negative). Groups 
were divided according to the group median into those who had positive (above median) or 
negative (below median) attitudes towards ITS and driving behaviours (e.g., speeding). 

Driver attitudes towards ITS were assessed through a number of questions in the Preliminary 
Time 1 questionnaire, which asked drivers if they agreed or disagreed with statements 
regarding different ITS technologies. The ITS technologies examined included ISA, FDW, 
SBR, RCW, DRLs, fatigue warning devices, alcohol interlock devices, lane departure warning, 
navigation systems and emergency crash notification systems. An example of a question used 
is: ‘I would like a car that automatically warns me if I am exceeding the speed limit’. Drivers 
were asked to respond using a 5-point scale, ranging from strongly disagree to strongly agree. 
Drivers were divided into those who held positive or negative attitudes towards ITS.  

When the ISA system alone was active, the results revealed a main effect for ITS attitudes in 
the 60 km/h zones (F (1,30) = 6.37, p = .017), whereby drivers who had negative attitudes 
towards ITS technologies drove significantly faster across the ISA driving periods than did the 
drivers who held positive attitudes. No significant differences in mean speed were found across 
the ISA periods for drivers who held different attitudes towards ITS for the 50, 70, 80 and 100 
km/h zones. In addition, no significant differences in mean speed were found across the ISA 
and FDW combined driving periods for drivers who held different attitudes towards ITS.  

Driver attitudes towards driving behaviours were assessed through a number of questions in the 
Preliminary Time 1 questionnaire. The driving behaviours examined included excessive 
speeding, tailgating, seatbelt non-use and headlight use during the day. An example of a 
question used is: ‘Speeding is always wrong. Drivers were asked to respond using a 5-point 
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scale, ranging from strongly disagree to strongly agree. Drivers were divided into those who 
held positive or negative attitudes towards safe driving behaviours.  

When ISA alone was active, the results revealed a main effect for the driving behaviour 
attitudes in the 70 km/h zones (F (1,30) = 5.23, p = .029) and the 80 km/h zones (F (1,30) = 14.09, p 
= .001), whereby drivers who had negative attitudes towards safe driving behaviours drove 
significantly faster across the ISA alone driving periods than did the drivers who held positive 
attitudes. For the 50, 60 and 100 km/h zones, no significant differences in mean speed were 
found across the ISA periods for drivers who held different attitudes towards safe driving 
behaviour. 

When the ISA and FDW systems combined were active, a significant period by driving attitude 
interaction was revealed for 80 km/h zones (F (2,64) = 4.01, p .023), whereby drivers who held 
negative attitudes towards safe driving behaviour drove significantly slower in the During 
period than they did in either of the Before or After periods. Mean speed did not differ across 
driving periods for drivers who held positive attitudes towards safe driving behaviours.  

Mean Speed – Willingness to Keep ISA 

The effect on mean speed of drivers’ willingness to keep ISA after the trial was examined in a 
series of 3-way mixed ANOVAs. Information regarding drivers’ willingness to keep ISA was 
obtained through the Interim Time 6 Questionnaire. The analyses were conducted for the ISA 
alone and ISA and FDW combined driving periods. The variables examined included: group 
(treatment versus control), driving period (Before, During and After) and willingness to keep 
ISA (interested versus disinterested). Groups were divided according to the group median into 
those who were interested (above median) or not interested (below median) in keeping ISA. 

No significant differences in mean speed were found across the ISA alone driving periods for 
drivers who were willing or unwilling to keep ISA. For the ISA and FDW combined periods 
however, a significant 3-way interaction was revealed for the 60 km/h zones (F (2,56) = 4.84, p = 
.012). Post hoc tests revealed a significant period by willingness to keep ISA interaction for the 
control (F (2,38) = 6.93, p = .003), but not the treatment drivers (F (2,18) = 0.76, p = .483). For 
control drivers, those who expressed that they were unwilling to keep ISA had lower mean 
speeds in the During and After equivalent periods compared to the Before period, while those 
who were willing to keep ISA maintained similar mean speeds across the ISA and FDW 
periods. For treatment drivers, a main effect for period was found, whereby drivers had lower 
mean speeds in the During period than they did in the Before or After periods. This interaction 
effect is unexpected and it is not clear why willingness to keep ISA affected mean speed across 
the control and not the treatment drivers’ trial. 

 
Mean Speed – Night Versus Day 

Differences between mean speeds at night versus during the day were examined in a series of 
3-way mixed ANOVAs. Again, these analyses were conducted for the ISA alone, FDW alone 
and ISA and FDW combined driving periods. The independent variables examined included: 
group (treatment versus control), driving period (Before, During and After) and time (night 
versus day). Night was defined as any occasion when the headlights were on full low-beam or 
high-beam brightness. Using the presence of the headlights to define night driving was deemed 
appropriate given that the SafeCars were equipped with daytime running lights and, thus, 
drivers were unlikely to turn on their headlights in daylight when visibility was poor. Table 6.3 
displays the mean speeds at night and during the day for treatment and control drivers.  



TAC SAFECAR PROJECT: FINAL REPORT 73 

The results for the ISA alone periods revealed a time by group interaction in the 60 km/h zones 
(F (1,31) = 5.53, p = .025) and 80 km/h zones (F (1,31) = 10.56, p = .003), whereby mean speed for 
the control drivers was significantly higher (by up to 1 km/h) during the day compared to at 
night, but for the treatment drivers, mean speeds did not differ significantly across time of day. 
In 70 km/h zones a time by period interaction (F (2,60) = 4.28, p = .018) was found, whereby 
mean speed was significantly higher during the day (by 1 km/h) compared to at night in the 
Before ISA period, but there was no difference in speed across time in the During or After 
periods.  

When both the ISA and FDW systems were active, the results revealed a significant time by 
group interaction in the 80 km/h zones (F (1,32) = 5.35, p = .027), whereby the control drivers’ 
mean speed was significantly higher during the day (by 0.9 km/h) compared to at night, but for 
the treatment drivers, mean speeds did not differ significantly across time of day. A significant 
time by period interaction was also found in 100 km/h zones (F (2,56) = 3.32, p = .043), whereby 
drivers drove faster during the day compared to at night in the After ISA and FDW period, but 
not the Before or During periods. Finally, a significant 3-way group by period by time 
interaction was found in the 60 km/h zones (F (2,64) = 4.88, p = .011). The results of the post hoc 
test were not significant due a lack of power. However, the interaction appears to be driven by 
the treatment drivers’ mean speed being higher at night compared to during the day in the 
Before period, but similar across time of day in the During and After periods. For the control 
drivers, however, mean speed was higher at night in the (equivalent) During period, but was 
lower at night in the (equivalent) Before and After periods. No differences in mean speeds 
across time of day were found in the 50 or 70 km/h zones. 

For the periods when the FDW system alone was active, the results revealed a significant time 
by group interaction in the 80 km/h zones (F (1,35) = 9.73, p = .004), whereby the control 
drivers’ mean speed was significantly higher during the day (by 0.9 km/h) compared to at 
night, but for the treatment drivers, mean speeds did not differ significantly across time of day. 
A significant 3-way group by period by time interaction was found in the 60 km/h zones (F 
(2,70) = 4.61, p = .013). The results of the post hoc analysis was not significant due to a lack of 
power. However, the interaction appears to be driven by the treatment drivers’ mean speed 
being higher at night compared to during the day in the During and After periods, but similar 
across time of day in the Before period. For the control drivers, however, mean speed was 
lower at night in the (equivalent) Before and After periods, but was higher at night in the 
(equivalent) During period. No differences in mean speeds across time of day were found in the 
50, 70 or 100 km/h zones. 
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Table 6.3. Mean (SD) free-flow speeds at night and during the day across the ISA alone, FDW 
alone and ISA and FDW combined driving periods for the treatment and control drivers. 

Speed zone   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Treatment (n = 15)       
Before ISA Day  44.82 (2.47) 56.13 (1.85) 65.06 (3.16) 75.56 (3.53) 95.89 (2.73) 
 Night  46.04 (4.16) 58.34 (3.63) 63.81 (4.29) 76.06 (3.96) 95.47 (4.08) 
During ISA Day  44.56 (3.33) 55.13 (1.68) 64.33 (1.84) 74.31 (2.51) 95.25 (2.14) 
 Night  43.74 (2.56) 56.46 (3.10) 64.81 (4.47) 74.98 (3.07) 93.63 (5.23) 
After ISA Day  45.44 (3.36) 56.76 (2.21) 65.79 (3.11) 75.39 (3.06) 95.62 (2.36) 
 Night  44.70 (3.83) 58.43 (5.14) 66.82 (3.72) 78.08 (3.98) 95.38 (4.74) 
Before ISA&FDW Day  45.48 (3.13) 56.52 (1.87) 66.12 (2.59) 74.37 (2.11) 96.65 (5.35) 
 Night  45.19 (3.34) 59.96 (6.71) 65.86 (3.38) 76.05 (4.96) 95.68 (4.30) 
During ISA&FDW Day  44.57 (2.16) 55.67 (1.94) 64.98 (2.00) 73.80 (1.76) 95.13 (2.24) 
 Night  44.34 (2.71) 55.84 (2.05) 65.39 (2.28) 74.61 (3.32) 94.54 (2.87) 
After ISA&FDW Day  45.26 (2.83) 57.35 (2.24) 66.18 (3.14) 75.01 (3.12) 96.37 (3.45) 
 Night  45.64 (2.86) 58.07 (3.13) 67.05 (4.19) 74.93 (3.15) 93.91 (5.23) 
Before FDW Day  46.35 (3.01) 57.61 (2.12) 66.60 (2.89) 75.18 (2.56) 96.69 (2.66) 
 Night  46.63 (4.16) 57.79 (2.55) 66.62 (4.13) 77.18 (4.50) 96.33 (3.72) 
During FDW Day  46.18 (2.68) 57.41 (2.14) 66.35 (2.54) 76.35 (2.86) 97.01 (3.04) 
 Night  46.64 (3.07) 59.54 (6.17) 66.08 (3.24) 76.33 (5.10) 96.49 (3.42) 
After FDW Day  45.64 (3.51) 56.77 (2.16) 65.96 (3.32) 75.86 (3.01) 97.44 (3.23) 
 Night  45.71 (4.11) 60.03 (6.28) 65.93 (3.05) 77.29 (4.81) 96.79 (3.44) 
Control (n = 8)       
Before ISA Day  46.89 (2.86) 59.10 (1.55) 66.26 (1.83) 77.07 (1.62) 96.64 (2.91) 
 Night  47.39 (4.16) 58.93 (2.59) 67.39 (2.76) 76.08 (2.58) 96.26 (2.88) 
During ISA Day  47.30 (2.74) 58.84 (1.56) 67.88 (1.75) 76.08 (1.48) 97.12 (2.56) 
 Night  47.34 (3.54) 59.13 (2.07) 68.60 (2.85) 76.39 (1.81) 97.87 (1.91) 
After ISA Day  47.09 (2.73) 59.00 (1.57) 68.41 (1.81) 76.88 (1.83) 97.17 (3.03) 
 Night  47.45 (4.11) 58.75 (2.66) 67.93 (3.17) 75.68 (3.32) 96.24 (2.80) 
Before ISA&FDW Day  46.89 (2.86) 59.10 (1.55) 68.26 (1.83) 77.07 (1.63) 96.64 (2.91) 
 Night  47.39 (4.16) 58.92 (2.59) 67.39 (2.75) 76.07 (2.58) 96.26 (2.88) 
During ISA&FDW Day  47.30 (2.74) 58.84 (1.56) 67.88 (1.75) 76.81 (1.48) 97.12 (2.56) 
 Night  47.34 (3.54) 59.12 (2.07) 68.60 (2.85) 76.39 (1.81) 97.87 (1.91) 
After ISA&FDW Day  47.09 (2.73) 59.00 (1.57) 68.41 (1.80) 76.88 (1.83) 97.17 (3.03) 
 Night  47.44 (4.11) 58.75 (2.66) 67.93 (3.17) 75.68 (3.32) 96.24 (2.81) 
Before FDW Day  46.89 (2.86) 59.10 (1.55) 68.26 (1.84) 77.07 (1.63) 96.64 (2.91) 
 Night  47.39 (4.16) 58.92 (2.59) 67.39 (2.75) 76.07 (2.58) 96.26 (2.88) 
During FDW Day  47.30 (2.74) 58.84 (1.57) 67.88 (1.75) 76.80 (1.48) 97.12 (2.56) 
 Night  47.34 (3.54) 59.12 (2.07) 68.60 (2.85) 76.39 (1.81) 97.87 (1.91) 
After FDW Day  47.09 (2.73) 59.00 (1.57) 68.41 (1.81) 76.88 (1.83) 97.17 (3.03) 
 Night  47.44 (4.11) 58.75 (2.66) 67.92 (3.17) 75.67 (3.32) 96.24 (2.81) 
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Mean Speed – Speed Distributions 

Speed distributions were calculated for the treatment and control drivers separately. These 
analyses examined if there was a change in the speed distribution while the ISA system alone 
or the FDW and ISA systems were active. The speed distributions included speeds within 20 
km/h above and below the speed limit. Again, the treatment data are presented in the form of 
the ISA alone and ISA and FDW combined driving periods. The control drivers’ data are 
presented for the Control 1 period, which corresponds to the treatment drivers’ Before 1 period. 
Control data are also presented for 3 segments of the Control 2 period. These separate Control 
2 segments are each 3,000 kms in duration and correspond to those points in the trial in which 
the treatment drivers would be in the During periods (e.g., the Control 2-1 period represents the 
trial period from when 3,000 kms have been accrued to when 6,000 kms have been accrued and 
corresponds to the treatment drivers’ During 1 period). The speed distributions are presented 
for the 50, 60, 80 and 100 km/h zones separately. All discussion of the speed distributions is 
descriptive only.  

ISA Driving Periods 

Figures 6.1 to 6.5 present the treatment drivers speed distributions for the ISA alone driving 
periods for 50, 60, 70, 80 and 100 km/h zones, respectively. As displayed, for each of the ISA 
driving periods, the treatment drivers spent a greater proportion of their driving at speeds below 
the speed limit compared to above the speed limit. In the ISA During period in all speed zones, 
there is evidence of a change in the speed distribution from the Before 1 period. More 
specifically, in the ISA During period, the treatment drivers spent a greater percentage of time 
within 2 km/h above and below the speed limit compared to the Before 1 or Before ISA 
periods. The drivers also spent a smaller proportion of time in the ISA During period at speeds 
above 2 km/h over the speed limit compared to the Before 1 or Before ISA periods. In the ISA 
After period, the proportion of time spent above and below the speed limit returned to Before 
ISA levels.  
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Figure 6.1. 50 km/h zones: speed distribution for the treatment drivers for the ISA alone 
driving periods. 
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Figure 6.2. 60 km/h zones: speed distribution for the treatment drivers for the ISA alone 
driving periods. 
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Figure 6.3. 70 km/h zones: speed distribution for the treatment drivers for the ISA alone 
driving periods. 
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Figure 6.4. 80 km/h zones: speed distribution for the treatment drivers for the ISA alone 
driving periods. 

 

 

0

1

2

3

4

5

6

7

8

9

50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100102104 106108110112 114116118120

Speed - km/h

%
 o

bs
er

va
tio

ns

Before 1
Before ISA
During ISA
After ISA

 

Figure 6.5. 100 km/h zones: speed distribution for the treatment drivers for the ISA alone 
driving periods. 

 



78 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

ISA & FDW Driving Periods 

Figures 6.6 to 6.10 present the speed distributions for the ISA and FDW combined driving 
periods for 50, 60, 70, 80 and 100 km/h zones, respectively. As displayed, for each of the ISA 
and FDW driving periods, the treatment drivers spent a greater proportion of their driving time 
at speeds below the speed limit compared to above the speed limit.  

As with the ISA alone driving periods, when the ISA and FDW systems combined were active 
there is evidence of a change in the speed distribution from the Before 1 and Before ISA and 
FDW periods for all speed zones. More specifically, in the ISA and FDW During period, the 
treatment drivers spent a greater percentage of time within 2 km/h above and below the speed 
limit compared to the Before 1 or Before ISA and FDW periods. The drivers also spent a 
smaller proportion of time in the ISA and FDW During period at speeds above 2 km/h over the 
speed limit compared to the Before 1 or Before ISA and FDW periods. In the ISA and FDW 
After period, the proportion of time spent above and below the speed limit returned to Before 
ISA and FDW levels.  
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Figure 6.6. 50 km/h zones: speed distribution for the treatment drivers for the ISA & FDW 

combined driving periods. 
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Figure 6.7. 60 km/h zones: speed distribution for the treatment drivers for the ISA & FDW 

combined driving periods. 
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Figure 6.8. 70 km/h zones: speed distribution for the treatment drivers for the ISA & FDW 

combined driving periods. 
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Figure 6.9. 80 km/h zones: speed distribution for the treatment drivers for the ISA & FDW 

combined driving periods. 
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Figure 6.10. 100 km/h zones: speed distribution for the treatment drivers for the ISA & FDW 

combined driving periods. 
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Control Driving Periods 

Figures 6.11 to 6.15 present the speed distributions for the eight Control drivers’ driving 
periods for 50, 60, 70, 80 and 100 km/h zones, respectively. As displayed, the speed 
distributions for the control drivers across all five speed zones were similar to those of the 
treatment drivers. In each driving period, there was a general trend for the control drivers to 
spend a greater percentage of their driving time at and below the speed limit.  There is evidence 
of a change in the speed distribution from the Control 1 period and the other Control periods 
for 60, 70 and 100 km/h zones. More specifically, in the Control 1 period, the control drivers 
spent a greater percentage of time within 2 km/h above and below the speed limit compared to 
the other Control periods.  
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Figure 6.11. 50 km/h zones: speed distribution for the control drivers’ driving periods. 
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Figure 6.12. 60 km/h zones: speed distribution for the control drivers’ driving periods. 
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Figure 6.13. 70 km/h zones: speed distribution for the control drivers’ driving periods. 
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Figure 6.14. 80 km/h zones: speed distribution for the control drivers’ driving periods. 
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Figure 6.15. 100 km/h zones: speed distribution for the control drivers’ driving periods. 
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6.2.2 85th Percentile of Speed 

The 85th percentile of speed was examined across the drivers’ trial in order to examine the 
effect of ISA on speeding behaviour before, during and after exposure to it. The 85th percentile 
of speed was compared across the ISA alone, FDW alone and ISA and FDW combined driving 
periods. For control drivers, the data used for the Before, During and After periods were those 
segments of the Control 2 period that corresponded to the treatment drivers’ Before, During 
and After periods. The 85th percentile of speed in the ISA, FDW and ISA and FDW combined 
driving periods is shown in Table 6.4 for treatment and control drivers. 

Treatment Driver Analyses 

The 85th percentile of speed was first examined across treatment drivers’ trial in order to 
examine the effect of ISA, FDW and ISA and FDW combined, on speeding behaviour before, 
during and after exposure. A series of four planned comparisons was conducted to examine 
differences in 85th percentile speed across the Before and During periods, the During and After 
periods, the Before and After periods and the four 750 kilometre segments of the During 
period. The data for several drivers - two for the ISA alone, two for the ISA and FDW 
combined, and one for the FDW alone periods - were excluded from the analyses as they had 
data missing for these periods. 

 

Table 6.4. Mean 85th percentile of speed (SD) across the ISA alone, FDW alone and ISA and 
FDW combined driving periods for the treatment and control drivers. 

Speed zone   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Before ISA Treatment  55.10 (2.96) 63.40 (2.55) 71.50 (3.54) 82.20 (3.94) 100.80 (2.86)
 Control  58.67 (6.16) 67.13 (3.63) 75.67 (3.15) 83.50 (2.32) 102.42 (2.45)
During ISA Treatment  52.80 (4.31) 60.70 (1.64) 69.50 (2.07) 80.10 (2.56) 99.20 (2.09) 
 Control  58.12 (4.81) 66.63 (2.73) 76.08 (2.70) 83.46 (2.43) 102.79 (1.67)
After ISA Treatment  55.10 (4.45) 63.40 (2.91) 73.10 (6.21) 83.30 (5.79) 100.90 (2.99)
 Control 58.00 (5.20) 67.00 (3.32) 76.37 (3.37) 83.54 (2.57) 102.92 (2.50)
Before ISA&FDW Treatment  55.17 (4.28) 63.42 (2.50) 72.92 (3.73) 84.50 (9.48) 101.08 (4.40)
 Control 55.67 (6.15) 67.13 (3.63) 75.67 (3.16) 83.50 (2.32) 102.42 (2.45)
During ISA&FDW Treatment  52.17 (2.88) 60.83 (1.85) 70.50 (2.15) 79.83 (2.01) 99.33 (1.87) 
 Control 58.12 (4.81) 66.63 (2.73) 76.08 (2.70) 83.46 (2.43) 102.79 (1.67)
After ISA&FDW Treatment  54.83 (3.64) 63.67 (3.45) 73.25 (3.91) 82.50 (6.61) 100.75 (3.62)
 Control 58.00 (5.20) 67.00 (3.23) 76.37 (3.73) 83.54 (2.57) 102.92 (2.50)
Before FDW Treatment  56.79 (4.57) 64.71 (3.22) 74.50 (5.91) 83.93 (9.45) 101.79 (3.14)
 Control 58.67 (6.16) 67.13 (3.63) 75.67 (3.16) 83.50 (2.32) 102.42 (2.45)
During FDW Treatment  56.93 (3.73) 65.07 (3.49) 72.86 (3.65) 88.07 (12.07) 102.50 (3.75)
 Control 58.12 (4.81) 66.63 (2.73) 76.08 (2.07) 83.46 (2.43) 102.79 (1.67)
After FDW Treatment  55.14 (3.73) 64.57 (3.16) 73.21 (3.70) 85.36 (9.54) 102.43 (3.52)
 Control 58.00 (5.20) 67.00 (3.32) 76.37 (3.37) 83.54 (2.57) 102.92 (2.50)

Note: Standard Deviation in parentheses.  
 

Results of these analyses revealed that when ISA alone was active, the drivers’ 85th percentile 
speed reduced significantly (by up to 2.7 km/h) from Before ISA levels in the During period in 
four speed zones: (50 km/h: (t (12) = 3.61, p = .004); 60 km/h: (t (12) = 5.79, p < .001); 70 km/h: (t 



TAC SAFECAR PROJECT: FINAL REPORT 85 

(12) = 3.74, p = .003) and 100 km/h: (t (12) = 3.38, p = .006). However, 85th percentile speed was 
significantly higher (by up to 3.6 km/h) in the After ISA period compared to the During period 
in the 50 km/h zones (t (9) = 2.41, p = .039), 60 km/h zones (t (9) = 4.83, p = .001), 70 km/h zones 
(t (9) = 2.27, p = .049), 80 km/h zones (t (9) = 2.59, p = .029) and 100 km/h zones (t (9) = 2.61, p = 
.028), suggesting that 85th percentile speed increased again after ISA was deactivated. Indeed, 
no significant differences in 85th percentile speed were found between the Before and After 
periods. Finally, the analyses revealed that 85th percentile speed increased significantly  (by 2.1 
km/h across speed zones) over the four 750 km segments of the ISA During period. However, 
this was found for 70 km/h zones only (F (3,33) = 3.74, p = .020).  

When ISA and FDW combined were active, 85th percentile speed reduced significantly (by up 
to 3.0 km/h) from Before levels. This result was found for the 50 km/h (t (12) = 4.04, p = .002), 
60 km/h (t (12) = 4.68, p = .001) and 70 km/h (t (12) = 2.79, p = .016) zones. The 85th percentile of 
speed, however, was significantly higher (by up to 2.8 km/h) in the After ISA and FDW period 
compared to the During period in these speed zones (50 km/h: t (11) = 4.00, p = .002; 60 km/h: t 
(11) = 3.60, p = .004; 70 km/h: t (11) = 2.93, p = .014), suggesting that 85th percentile speed 
increased after the ISA and FDW systems turned off. Again, no significant differences in 85th 
percentile speed was found between the Before and After periods or for the 80 and 100 km/h 
zones. Finally, no significant differences in 85th percentile speed were found over the four 750 
km segments of the During period.  

No significant differences in 85th percentile speed were found over the FDW driving periods or 
the four 750 km segments of the During FDW period. 

Treatment Versus Control Analyses 

The 85th percentile of speed across the trial was also compared between the treatment and 
control groups. The 85th percentile of speed was compared across the ISA alone, FDW alone 
and ISA and FDW combined driving periods. For the control drivers, the data used for the 
Before, During and After periods were those segments of the Control 2 period that 
corresponded to the treatment drivers’ Before, During and After periods (i.e., the controls’ 
Before ISA data corresponds to the period where the treatment drivers were in the Before ISA 
period). The control drivers’ 85th percentile speed in each speed zone for the ISA and ISA and 
FDW combined driving periods is also displayed in Table 6.4. As illustrated, the control 
drivers’ 85th percentile of speed was higher in each speed zone than the treatment drivers’ and 
remained fairly constant across the trial. 

A series of 3-way mixed ANOVAs was performed to compare the treatment and control 
drivers’ 85th percentile of speed across the trial. The independent variables examined in the 
analyses included group (treatment versus control), driving period (Before, During and After) 
and treatment order (During 1, 2 and 3), which corresponded to the During period in which the 
treatment drivers received the ISA alone and ISA and FDW combined periods. As with mean 
speed, the control drivers’ 85th percentile of speed data were matched to each treatment order. 

Results for those periods when ISA alone was active revealed a significant main effect for 
group in the 50 km/h zones (F (1,28) = 4.58, p = .041), 60 km/h zones (F (1,28) = 24.42, p < .001), 
70 km/h zones (F (1,28) = 24.76, p < .001) and 100 km/h zones (F (1,28) = 15.69, p < .001), 
whereby the control group’s 85th percentile of speed was greater (by up to 5.5 km/h) across the 
Before, During and After periods than was the treatment drivers’. A significant driving period 
by group interaction was also revealed in the 80 km/h zones (F (2,56) = 6.21, p = .004), whereby 
the treatment drivers’ 85th percentile speed in the ISA During period was significantly lower 
than what it was in the After ISA period. For the control drivers’, however, speed variability 
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did not differ significantly over the driving periods. Finally, in the 80 km/h zones, a significant 
driving period by treatment order interaction was also revealed (F (4,56) = 2.98, p = .027), 
whereby drivers in the first treatment order (i.e., who received ISA and FDW in the During 1 
period) had a significantly lower 85th percentile of speed in the During ISA period compared to 
the Before ISA period (p = .032). The 85th percentile of speed did not, however, differ across the 
driving periods for drivers in the second or third treatment orders.  

When ISA and FDW combined were active, the results revealed a significant group by driving 
period interaction for the 50 km/h zones (F (2,60) = 4.03, p = .023) and 70 km/h zones (F (2, 60) = 
4.98, p = .010). In these zones, while the control drivers 85th percentile speed did not differ 
across the driving periods, the treatment drivers’ 85th percentile speed when the ISA and FDW 
systems were active was significantly lower than what it was in both the Before (p < .016) and 
After (p < .014) periods. A significant driving period by treatment order interaction was also 
revealed in the 50 km/h zones (F (4,60) = 2.72, p = .038), whereby drivers in the second treatment 
order (i.e., who received ISA and FDW in the During 2 period) had a significantly lower 85th 
percentile speed in the During ISA period compared to the Before ISA period (p = .009). The 
85th percentile of speed did not, however, differ across the driving periods for drivers in the 
first or third treatment orders. A significant main effect for group was revealed for 60 km/h (F 
(1,30) = 22.63, p < .001) and 100 km/h (F (1,30) = 8.45, p = .007) zones, whereby the control 
group’s 85th percentile speed was greater (by up to 4.3 km/h) across the Before, During and 
After periods than was the treatment drivers’. Finally, a significant main effect for driving 
period was revealed for 60 km/h (F (2,60) = 5.01, p = .010) and 80 km/h (F (2,60) = 3.78, p = .029) 
zones, whereby 85th percentile speed was lower in the ISA and FDW During period than it was 
in the Before period.  

No significant differences in the control or treatment drivers’ 85th percentile speed were found 
over the FDW driving periods or the four 750 km segments of the During FDW period. 

6.2.3 Maximum Speed per Trip 

Maximum speed per trip was examined for the treatment and control groups for the ISA alone, 
FDW alone and ISA and FDW combined driving periods. The treatment and control drivers’ 
maximum speed per trip in each of five speed zones for the ISA, FDW and ISA and FDW 
combined driving periods is displayed in Table 6.5.  

Treatment Driver Analyses 

Maximum speed per trip was first examined across the treatment drivers’ trial in order to 
examine the effect of ISA, FDW and ISA and FDW combined, on speeding behaviour before, 
during and after exposure to the systems. A series of four planned comparisons was conducted 
to examine differences in maximum speed across the Before and During periods, the During 
and After periods, the Before and After periods and the four 750 kilometre segments of the 
During period. The data for several drivers, two for the ISA alone, two for the ISA and FDW 
combined, and one for the FDW alone periods, were excluded from the analyses as they had 
data missing for these periods. 
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Table 6.5. Maximum (and SD) speed per trip across the ISA alone, FDW alone and ISA and 
FDW combined driving periods for the treatment and control drivers. 

Driving period   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Before ISA Treatment1  54.07 (2.01) 65.22 (3.37) 72.03 (2.82) 82.86 (3.23) 103.39 (3.85)
 Control  56.11 (3.60) 67.69 (2.11) 75.17 (1.87) 83.70 (3.47) 104.07 (2.35)
During ISA Treatment1  52.64 (3.35) 64.17 (2.91) 70.50 (2.19) 81.90 (3.20) 101.53 (3.58)
 Control  55.90 (3.02) 67.86 (2.45) 74.77 (2.01) 84.08 (3.54) 104.72 (2.37)
After ISA Treatment1  52.11 (3.46) 65.24 (2.77) 71.88 (3.47) 83.60 (2.98) 103.05 (3.53)
 Control  56.24 (3.82) 67.50 (2.25) 75.76 (1.93) 83.64 (3.57) 105.16 (2.67)
Before ISA&FDW Treatment1  53.22 (2.46) 65.61 (2.23) 73.35 (4.04) 82.99 (3.23) 102.69 (4.17)
 Control  56.11 (3.60) 67.69 (2.10) 75.16 (1.87) 83.70 (3.47) 104.07 (2.35)
During ISA&FDW Treatment1  52.45 (2.28) 63.96 (2.67) 70.89 (2.33) 81.61 (2.68) 101.17 (2.78)
 Control  55.90 (3.02) 67.86 (2.10) 74.76 (2.01) 84.08 (3.54) 104.71 (2.37)
After ISA&FDW Treatment1   52.99 (3.04)  65.09 (2.78)  72.49 (3.18)  82.57 (3.89)  103.11 (3.57)
 Control  56.24 (3.83) 67.50 (2.25) 75.77 (1.93) 83.64 (3.57) 105.16 (2.67)
Before FDW Treatment2  54.39 (2.68) 65.97 (3.07) 72.57 (3.06) 83.69 (4.53) 104.32 (3.56)
 Control  55.69 (4.08) 67.48 (2.31) 74.96 (2.09) 83.67 (3.39) 103.86 (2.51)
During FDW Treatment2 53.87 (1.88) 65.48 (2.71) 72.56 (4.00) 83.85 (3.51) 104.08 (3.38)
 Control  55.76 (3.05) 67.57 (2.79) 74.47 (2.42) 84.00 (3.48) 104.52 (2.50)
After FDW Treatment2 53.61 (2.60) 65.48 (3.25) 73.23 (4.20)  83.68 (3.58)  104.29 (3.44) 
 Control  56.08 (3.81) 67.17 (2.70) 75.56 (2.12) 83.56 (3.51) 104.83 (3.02)

Treatment: 1 = (n=13), 2 = (n=14) Control: (n=8) 
 
 
 
The results of the maximum speed per trip analyses revealed that, when the ISA system alone 
was active, the drivers’ maximum speed reduced significantly (by up to 1.9 km/h) from Before 
ISA levels in the During period in the 50 km/h zones (t (12) = 2.31, p = .040), 70 km/h zones (t 
(12) = 3.08, p = .009), 80 km/h zones (t (12) = 2.28, p = .042) and 100 km/h zones(t (12) = 6.89, p < 
.001). However, maximum speeds were significantly higher (by up to 2.0 km/h) in the After 
ISA period compared to the During period in the 60 km/h zones (t (9) = 3.97, p = .003) and 100 
km/h zones (t (9) = 2.75, p = .023). No significant differences in maximum speed were found 
between the Before and After periods or across the four 750 km segments of the During ISA 
period.  

When the ISA and FDW systems combined were active, maximum speeds reduced 
significantly (by up to 2.5 km/h) from Before levels when the ISA and FDW systems were 
active. This was found for the 60 km/h zones (t (12) = 3.83, p = .002) and 70 km/h zones (t (12) = 
2.53, p = .027). Maximum speeds, however, were significantly higher (by up to 1.9 km/h) in the 
After ISA and FDW period compared to the During period in the 60 km/h zones (t (11) = 3.11, p 
= .010), 70 km/h zones (t (11) = 2.38, p = .036) and 100 km/h zones (t (11) = 3.01, p = .012), 
suggesting that maximum speeds increased after the ISA and FDW systems turned off. No 
significant differences in maximum speed were found across driving periods in the 50 or 80 
km/h zones.  Finally, although there was a trend for maximum speed to increase (by 2.5 km/h) 
over the four 750 km segments of the During period, this difference was not significant.  

No significant differences in maximum speed were found across the Before, During and After 
periods when the FDW system alone was active, suggesting that the use of this system alone 
had little or no influence on top speed. 
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Treatment Versus Control Analyses 

Maximum speed per trip was also compared between the treatment and control groups for the 
ISA alone, FDW alone and ISA and FDW combined driving periods. For the control drivers, 
the data used for the Before, During and After periods were those segments of the Control 2 
period that corresponded to the treatment drivers’ Before, During and After periods (i.e., the 
controls’ Before ISA data corresponds to the period where the treatment drivers were in the 
Before ISA period).  

A series of 3-way mixed ANOVAs was performed to compare the treatment and control 
drivers’ maximum speed per trip. The independent variables examined in the analyses included 
group (treatment versus control), driving period (Before, During and After) and treatment order 
(During 1, 2 and 3), which corresponded to the During period in which the treatment drivers 
received the ISA alone, FDW alone and ISA and FDW combined periods. The control drivers’ 
data were matched to each treatment order, so that for those treatment drivers who received, for 
example, the ISA system alone in the first During period, the control drivers’ data from those 
trial segments that corresponded to the first During period were used as a comparison.  

Results of the 3-way ANOVAs for those periods when the ISA system alone was active 
revealed a significant main effect for period for the 70 km/h zones (F (2,60) = 7.16, p = .002), 
whereby drivers had significantly lower maximum speed per trip in the During period than they 
did in the Before (p = .018) or After (p = .003) periods.  In addition, a significant group by 
driving period interaction was revealed for the 50 km/h zones (F (2,60) = 3.59, p = .034), 60 km/h 
zones (F (2,60) = 6.66, p = .002) and 100 km/h zones (F (2, 56) = 7.51, p = .001). More specifically, 
the treatment drivers’ maximum speeds when the ISA system was active were significantly 
lower than what they were in the Before ISA (p < .05) (for 50 and 100km/h zones only) and (for 
60 and 100km/h zones only) After ISA (p = .025) periods. However, the control drivers’ 
maximum speeds did not differ over the driving periods. No significant differences in 
maximum speed were found across groups or the different driving periods in 80 km/h zones.  

When the ISA and FDW systems combined were active, the results revealed a main effect for 
group in the 50 km/h zone (F (1,32) = 10.58, p = .003), whereby the control drivers had 
significantly higher maximum speeds per trip (3.5 km/h) over the Before, During and After 
periods than did the Treatment drivers. A significant main effect for period was also revealed 
for the 70 km/h zones (F (2,64) = 9.18, p < .001), whereby drivers had significantly lower 
maximum speed per trip in the During period than they did in the Before (t (35) = 2.48, p = .018) 
or After (t (33) = 3.85, p = .001) periods.  In addition, a significant group by driving period 
interaction was revealed for the 60 km/h zones (F (2,64) = 6.79, p = .002) and 100 km/h zones (F 
(2, 60) = 5.21, p = .008). More specifically, the treatment drivers’ maximum speeds when the 
ISA and FDW systems were active were significantly lower than what they were in the Before 
ISA and FDW (p < .020) and (for 60 km/h zones only) After ISA and FDW (p = .010) periods, 
however, the control drivers’ maximum speeds did not differ over the driving periods. No 
significant differences in maximum speed were found across groups or the different driving 
periods in 80 km/h zones.   

No significant differences in maximum speed were found across groups or the different driving 
periods when the FDW system alone was active. 

6.2.4 Median Speed 

As an adjunct to the mean speed analyses, some analysis of median speed was conducted for 
the treatment drivers’ in order to examine the effect of the ISA system, the FDW system, and 
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both systems in combination on speeding behaviour before, during and after exposure. Median 
speed was compared across the ISA alone, FDW alone and ISA and FDW combined driving 
periods. The treatment drivers’ median speed in each of five speed zones for the ISA, FDW and 
ISA and FDW combined driving periods is displayed in Table 6.6. As displayed, there was a 
trend for the treatment drivers’ median speeds to decrease from Before levels in the During 
periods when the ISA system (alone or combined with the FDW) was active. There was also a 
trend for median speed to increase again in the After periods when the ISA system was 
deactivated. These trends were not observed when the FDW system alone was activated, with 
median speed comparable across the FDW Before, During and After periods. 

Table 6.6. Median (and SD) free-flow speeds across the ISA alone, FDW alone and ISA and 
FDW combined driving periods for the treatment drivers. 

Driving period  50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Before ISA1 46.38 (2.90) 57.85 (2.48) 66.08 (3.04) 76.23 (3.19) 97.00 (3.72) 
During ISA 46.38 (3.23) 57.00 (2.24) 65.31 (2.56) 75.15 (2.19) 96.31 (2.87) 
After ISA 46.40 (4.30) 57.60 (2.55) 66.20 (2.97) 76.30 (3.09) 96.60 (2.55) 
Before ISA&FDW1 46.62 (3.62) 58.15 (2.55) 66.46 (3.27) 76.00 (3.27) 96.77 (3.67) 
During ISA&FDW 46.00 (2.42) 57.08 (2.22) 65.54 (1.81) 74.85 (1.86) 96.00 (2.65) 
After ISA&FDW 46.00 (3.54)  57.75 (2.70) 67.00 (3.05)  75.25 (2.99)  96.58 (3.73) 
Before FDW2 47.64 (3.52) 58.29 (2.46) 67.14 (2.96) 76.00 (3.21) 97.43 (2.50) 
During FDW 47.00 (2.28) 57.79 (2.26) 66.71 (3.09) 76.71 (3.05) 97.71 (2.97) 
After FDW  46.14 (2.96)  57.71 (2.61)  66.36 (2.95)  76.71 (3.56)  98.14 (3.01) 

Treatment: 1 = (n=13), 2 = (n=14) 
 
 
A series of four planned comparisons was conducted to examine any differences in median 
speeds across the Before and During periods, the During and After periods, the Before and 
After periods and across the four 750 kilometre segments of the During periods. The data for 
several drivers, two for the ISA alone, two for the ISA and FDW combined, and one for the 
FDW alone periods, were excluded from the analyses as they had data missing for these 
periods. 

The results of the median speed analyses revealed that when the ISA system alone was active, 
the drivers’ median speed reduced significantly (by up to 1.1 km/h) from Before ISA levels in 
the During period in the 60 km/h zones (t (12) = 3.09, p = .009) and 80 km/h zones (t (12) = 2.81, 
p = .016). However, median speeds were significantly higher (by up to 1.2 km/h) in the After 
ISA period compared to the During period in the 60 km/h zones (t (9) = 2.59, p = .029), 70 km/h 
zones (t (9) = 3.31, p = .009) and 80 km/h zones (t (9) = 2.71, p < .024), suggesting that median 
speeds increased again after the ISA system was deactivated. Indeed, no significant differences 
in median speed were found between the Before and After periods or across the four 750 km 
segments of the During ISA period.  

Similar results were revealed when the ISA and FDW systems combined were active. Median 
speeds reduced significantly (by 1.1 km/h) from Before levels when the ISA and FDW systems 
were active in 60 km/h zones (t (12) = 2.81, p = .016). Median speeds, however, were 
significantly higher (by 1.5km/h) in the After ISA and FDW period compared to the During 
period in 70 km/h zones (t (11) = 2.79, p = .017). No significant differences in median speed 
were found between the Before and After periods or across the four 750 km segments of the 
During ISA & FDW period.  
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No significant differences in median speed were found across the Before, During and After 
periods when the FDW system alone was active, suggesting that the use of this system alone 
had little or no influence on speed. 

6.2.5 Standard Deviation of Speed  

Standard Deviation of Speed – Baseline Comparisons 

The mean standard deviation (SD) of free-flow speeds was first compared across the treatment 
and control drivers for the Before 1 and 2 baseline periods and the three After driving periods 
in order to determine if there were any differences in mean standard deviation of speed across 
these two groups during the periods when the key ITS systems (ISA and/or FDW) were not 
active. As with the baseline comparisons for mean speed, for the control drivers, the Before 1 
period was equivalent to the Control 1 period and the Before 2 period was equivalent to the 
first 1,500 kilometres of the Control 2 period. The After 1, 2 and 3 driving data for the control 
drivers corresponded to those 1,500 kilometre segments of the Control 2 period in which the 
treatment drivers were in the three After periods. The mean standard deviations of speed during 
these periods are displayed in Table 6.7.  

 

Table 6.7. Mean standard deviation of free-flow speeds across the Before 1 and 2 and the three 
After driving periods for the treatment (n = 15) and control (n = 8) drivers. 

Speed 
zone  

 Before 1 Before 2 After 1 After 2 After 3 

50 km/h Treatment  8.62 (0.90) 8.67 (1.35) 8.49 (0.86) 8.44 (0.69) 7.64 (1.91) 
 Control  8.54 (1.35) 8.65 (1.38) 9.01 (1.47) 8.92 (1.04) 8.75 (1.53) 
60 km/h Treatment  7.29 (0.88) 7.18 (0.82) 7.33 (0.99) 7.40 (0.98) 7.29 (0.73) 
 Control  7.49 (1.56) 7.68 (1.57) 7.55 (1.01) 7.80 (1.29) 7.50 (0.95) 
70 km/h Treatment  7.00 (0.77) 7.15 (1.21) 7.22 (0.98) 6.48 (0.92) 6.84 (0.88) 
 Control  7.18 (0.96)  7.61 (1.24)  7.50 (1.12)  8.01 (1.21)  8.22 (1.43)  
80 km/h Treatment  7.15 (1.13) 7.25 (1.14) 7.05 (1.16) 7.09 (1.79) 7.37 (1.58) 
 Control  6.82 (1.13) 7.15 (1.09) 6.78 (1.10) 7.40 (1.01) 7.18 (1.13) 
100 km/h Treatment  5.99 (1.26) 5.76 (0.89) 5.86 (1.29) 5.33 (0.93) 5.61 (1.05) 
 Control  5.44 (1.03)  5.74 (0.67)  5.72 (0.79)  5.96 (1.14)  6.41 (1.14)  

 

As displayed, the standard deviation of speed was similar across the treatment and control 
drivers. There was a general trend for the standard deviation of speed to decrease as the speed 
limit increased for both the treatment and control participants.  

Results of ten 2-way mixed-model ANOVAs (two for each speed zone: one comparing the 
Before periods and one comparing the three After periods) revealed no significant differences 
in the standard deviation of speed across the Before and After driving periods or between the 
treatment and control drivers for any of the speed zones examined, suggesting that the standard 
deviation of speed for these two groups were comparable across the baseline periods.  
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Standard Deviation of Speed – Treatment Drivers 

The standard deviation of speed was also examined across the treatment drivers’ trial in order 
to examine the effect of the ISA system, the FDW system, and both systems in combination on 
speed variability before, during and after exposure to the system. These analyses were 
conducted for the ISA alone, FDW alone and ISA and FDW combined Before, During and 
After periods. Table 6.8 displays the treatment drivers’ mean standard deviation of speed in 
each speed zone for the ISA, FDW and ISA and FDW combined driving periods. As displayed, 
there was a trend for the treatment drivers’ standard deviation of speed to decrease from Before 
levels in the During periods when the ISA system (alone or combined with the FDW) was 
active. There was also a trend for standard deviation of speed to increase again in the After 
periods when the ISA system was deactivated. These trends were not observed when the FDW 
system alone was active, with the standard deviation of speed remaining fairly constant across 
the Before, During and After periods. 

 

Table 6.8. Mean standard deviation of free-flow speeds across the ISA alone, FDW alone and 
ISA and FDW combined driving periods for the treatment and control drivers. 

Driving period   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Before ISA Treatment1  8.48 (0.88) 7.38 (1.11) 6.93 (0.76) 7.18 (0.93) 5.58 (0.96) 
 Control  8.86 (1.26) 7.67 (1.26) 7.71 (1.16) 7.11 (1.06) 5.81 (0.86) 
During ISA Treatment1  7.67 (0.94) 6.29 (0.85) 5.98 (0.63) 6.06 (0.62) 5.19 (0.68) 
 Control  8.86 (1.28) 7.66 (1.11) 7.77 (1.01) 7.26 (1.04) 6.09 (0.93) 
After ISA Treatment1  8.41 (0.78) 7.09 (0.72) 6.65 (1.17) 6.86 (1.47) 5.61 (0.93) 
 Control  8.89 (1.31) 7.62 (1.06) 7.91 (1.25) 7.12 (1.07) 6.04 (1.03) 
Before ISA&FDW Treatment1  8.49 (1.04) 7.23 (0.85) 6.86 (0.96) 7.18 (1.69) 5.64 (1.15) 
 Control  8.86 (1.26) 7.68 (1.26) 7.71 (1.16) 7.11 (1.06) 5.81 (0.86) 
During ISA&FDW Treatment1  7.42 (0.87) 6.11 (0.66) 6.11 (1.18) 6.40 (0.82) 5.32 (0.75) 
 Control  8.86 (1.28) 7.66 (1.11) 7.77 (1.01) 7.26 (1.04) 6.09 (0.93) 
After ISA&FDW Treatment1  8.25 (0.75)  7.16 (1.07)  6.86 (0.92)  7.32 (1.38)  5.56 (1.23)  
 Control  8.89 (1.31) 7.62 (1.06) 7.91 (1.25) 7.12 (1.07) 6.04 (1.03) 
Before FDW Treatment2  8.64 (1.21) 7.30 (0.89) 7.23 (1.33) 7.26 (1.21) 5.67 (1.14) 
 Control  8.86 (1.26) 7.67 (1.26) 7.71 (1.16) 7.11 (1.06) 5.81 (0.86) 
During FDW Treatment2 8.85 (0.82) 7.65 (0.89) 7.08 (0.98) 7.37 (1.20) 6.07 (1.20) 
 Control  8.86 (1.29) 7.66 (1.11) 7.77 (1.01) 7.26 (1.04) 6.09 (0.93) 
After FDW Treatment2 8.47 (0.94) 7.69 (0.82) 7.07 (0.87) 7.19 (1.59) 5.67 (1.21) 
 Control  8.89 (1.31) 7.62 (1.06) 7.91 (1.24) 7.12 (1.07) 6.04 (1.03) 

Treatment: 1 = (n=13), 2 = (n=14) Control: (n=8) 
 

A series of four planned comparisons was conducted in order to examine any differences in 
standard deviation of speed across the Before and During periods, the During and After 
periods, the Before and After periods and across the four 750 kilometre segments of the During 
periods. The data for several drivers, two for the ISA alone, two for the ISA and FDW 
combined and one for the FDW alone data, were excluded from the analyses as the drivers had 
data missing in these driving periods.  

The results of the analyses revealed that for the ISA alone periods, the drivers’ standard 
deviation of speed reduced significantly (by up to 1.1 km/h) from Before ISA levels in the 
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During period in the 50 km/h zones (t (12) = 3.88, p = .002), 60 km/h zones (t (12) = 6.16, p < 
.001), 70 km/h zones (t (12) = 5.01, p < .000), 80 km/h zones (t (12) = 7.74, p < .000) and 100 km/h 
zones (t (12) = 2.84, p = .015). However, standard deviation of speed was significantly higher (by 
up to 0.8 km/h) in the After ISA period compared to the During period in the 50 km/h zones (t 
(12) = 4.27, p = .001) and 60 km/h zones (t (12) = 3.38, p = .006), suggesting that standard 
deviation of speed increased again after the ISA system was deactivated. Indeed, no significant 
differences in the standard deviation of speed were found between the Before and After 
periods. A significant difference in standard deviation of speed was also found across the four 
750 kilometre segments of the During ISA period in 60 km/h zones (F (3,33) = 4.59, p = .009), 
whereby the standard deviation of speed increased significantly (by 0.5 km/h) over the duration 
of the During ISA period (t (11) = 3.23, p = .008). Although there was a trend for standard 
deviation of speed to increase slightly over the four 750 km segments of the During period (by 
up to 0.4 km/h) in the other four speed zones, these differences were not significant. 

When the ISA and FDW systems combined were active a similar pattern of results was 
revealed. The standard deviation of speed reduced significantly (by up to 1.1 km/h) from 
Before levels when the ISA and FDW systems were active in 50 km/h zones (t (12) = 5.49, p < 
.001), 60 km/h zones (t (12) = 6.64, p < .001), 70 km/h zones (t (12) = 2.48, p = .029) and 80 km/h 
zones (t (12) = 2.36, p = .036). Standard deviation of speed, however, was significantly higher 
(by up to 1.1 km/h) in the After ISA and FDW period compared to the During period for the 50 
km/h zones (t (11) = 4.28, p = .001), 60 km/h zones (t (11) = 4.71, p = .001), 70 km/h zones (t (11) 
= 2.81, p = .017) and 80 km/h zones (t (11) = 3.00, p = .012). No significant differences in the 
standard deviation of speed were found for the 100 km/h zones. Also, although there was a 
trend for standard deviation of speed to increase slightly (by up to 0.5 km/h across speed zones) 
over the four 750 km segments of the During period, these differences were not statistically 
significant.  

When the FDW system alone was active, the standard deviation of speed increased 
significantly (by 0.4 km/h) from Before levels when the FDW system was active in 60 km/h 
zones (t (13) = 2.59, p = .022) and 100 km/h zones (t (13) = 2.84, p = .058). In the After FDW 
period, standard deviation of speed increased further from During FDW levels in the 60 km/h 
zones (t (13) = 2.71, p = 0.18). No significant differences in standard deviation of speed were 
found for the 50, 70 or 80 km/h zones. Also, although there was a trend for standard deviation 
of speed to decrease slightly (by up to 0.4 km/h across speed zones) over the four 750 km 
segments of the During period, these differences were not statistically significant.  

Standard Deviation of Speed – Treatment Versus Control 

Standard deviation of speed across the SafeCar trial was also compared across the treatment 
and control groups. Standard deviation of speed was compared across the ISA alone, FDW 
alone and ISA and FDW combined driving periods. The treatment and control drivers’ standard 
deviation of speed in each speed zone for the ISA, FDW and ISA and FDW combined driving 
periods is displayed in Table 6.8. As with the treatment drivers, the control drivers’ standard 
deviation of speed in each speed zone tended to decrease as the speed limit increased. There 
was also a trend for the control drivers’ standard deviation of speed to remain fairly constant 
across their trial. 

A series of 3-way mixed ANOVAs was performed to compare the treatment and control 
drivers’ standard deviation of speed across the trial. The independent variables examined in the 
analyses included group (treatment versus control), driving period (Before, During and After) 
and treatment order (During 1, 2 and 3), which corresponded to the During period in which the 
treatment drivers received the ISA alone, FDW alone and ISA and FDW combined periods. As 
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with mean speed, the control drivers’ speed variability data were matched to each treatment 
order.  

The 3-way ANOVAs for those periods when the ISA system alone was active revealed a 
significant main effect for group in the 70 km/h zones (F (1,28) = 11.03, p = .003) and 100 km/h 
zones (F (1,36) = 5.06, p = .033), whereby drivers in the control group had a greater standard 
deviation of speed (by up to 1.3 km/h) across the Before, During and After periods than the 
treatment drivers. A significant driving period by group interaction was also revealed in the 50 
km/h (F (2,56) = 3.81, p = .028) and 60 km/h (F (2,56) = 8.38, p = .001) zones, whereby the 
treatment drivers’ standard deviation of speed in the ISA During period was significantly lower 
than what it was in both the Before ISA and After ISA periods. For the control drivers’ 
however, standard deviation of speed did not differ significantly over the driving periods.  

Finally, in the 80 km/h zones, a significant 3-way interaction between driving period, treatment 
order and group was revealed (F (4,56) = 3.08, p = .023). The results of post hoc tests revealed a 
significant 2-way interaction between driving period and treatment order for the control 
participants, but not the treatment participants. More specifically, for the control data 
corresponding to the first treatment order, the standard deviation of speed was lower in the 
(equivalent) During ISA period than it was in the (equivalent) Before ISA and After ISA 
periods. However, for the control data corresponding to the second and third treatment orders, 
the standard deviation of speed was higher in the (equivalent) During ISA period than it was in 
the (equivalent) Before ISA and After ISA periods. For the treatment drivers, the standard 
deviation of speed did not differ significantly across the driving period for any of the three 
treatment orders.  

When the ISA and FDW systems combined were active, the results revealed a significant 
driving period by group interaction in the 50 km/h zones (F (2,62) = 5.03, p = .009), 60 km/h 
zones (F (2,60) = 12.35, p < .001) and 80 km/h zones (F (2,60) = 7.55, p = .001), whereby the 
treatment drivers’ standard deviation of speed in the ISA and FDW During period was 
significantly lower than what it was in both the Before and After periods. For the control 
drivers’ however, standard deviation of speed did not differ significantly over the driving 
periods. In the 80 km/h zones, a significant driving period by treatment order interaction was 
also revealed (F (4,60) = 2.81, p = .033), whereby drivers in the second treatment order (i.e., who 
received ISA and FDW in the During 2 period) had a significantly higher standard deviation of 
speed in the After period compared to the Before ISA and FDW period (p = .021). Standard 
deviation of speed did not, however, differ across the driving periods for drivers in the first or 
third treatment orders.  

A significant main effect of group was also revealed in the 70 km/h zones (F (1,30) = 12.33, p = 
.001) and the 100 km/h zones (F (1,30) = 5.19, p = .030) zones, whereby the control drivers 
displayed a significantly greater standard deviation of speed (up to 1.5 km/h) over the ISA 
Before, During and After periods than did the Treatment drivers.  

Finally, when the FDW system was active, a significant main effect of group was revealed in 
the 70 km/h zones (F (1,32) = 4.29, p = .047), whereby the control drivers displayed a 
significantly greater standard deviation of speed (0.7 km/h) over the ISA Before, During and 
After periods than did the Treatment drivers. A significant driving period by treatment order 
interaction was also revealed in the 80 km/h zones (F (4,64) = 3.71, p = .009), whereby drivers in 
the second treatment order (i.e., who received ISA and FDW in the During 2 period) had a 
significantly higher standard deviation of speed in the During (p = .013) and After (p = .033) 
periods compared to the Before ISA and FDW period. Standard deviation of speed did not, 
however, differ across the driving periods for drivers in the first or third treatment orders.  
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6.2.6 Percentage of time spent above the speed limit 

The percentage of total driving time spent above the speed limit was examined for three 
different speed thresholds: 2, 5 and 10 km/h at or above the limit to determine if use of the ITS 
systems affected the amount of time drivers spent exceeding the speed limit. These analyses 
were conducted for both free-flow speeds (where time headway was equal to 3 seconds or 
more) and constrained speeds (where time headway was equal to or less than 2 seconds), 
because it was believed that the opportunity to speed would be likely to differ across these two 
speed conditions. The 2 km/h over the speed limit threshold was chosen for examination, as 
this is the speed at which the ISA system commenced speed warnings. The 5 and 10 km/h over 
speed thresholds were examined to determine the amount of time drivers spent engaging in 
what might be considered mild and moderate over-speeding. These analyses were conducted 
for the ISA alone, FDW alone and ISA and FDW combined driving periods for five speed 
zones: 50, 60, 70, 80 and 100 km/h.  

The percentage of time spent driving 2, 5, and 10 km/h above the speed limit was first 
examined within the treatment drivers’ trial. A series of four planned comparisons were 
conducted for the Before and During periods, the During and After periods, the Before and 
After periods and across the four 750 kilometre segments of the During period. Data for several 
drivers, two for the ISA alone, two for the ISA and FDW combined, and one for the FDW 
alone data, were excluded from the analyses as these drivers had data missing for these driving 
periods.  

Treatment Group Analyses 

Percentage of Time Spent at 2 km/h or More Above the Speed Limit 

The percentage of time the treatment drivers spent driving at 2 km/h or more above the speed 
limit in the ISA and ISA and FDW combined driving periods is displayed in Table 6.10 for the 
free-flow and constrained driving speeds. 

For the ISA system periods under free-flow conditions, the percentage of driving time spent at 2 
km/h or more above the speed limit reduced significantly (by up to 56%) from Before ISA 
levels in the During period in all five speed zones (50 km/h: t (12) = 3.90, p = .002, 60 km/h: t 
(12) = 5.92, p < .001, 70 km/h: t (12) = 4.72, p < .001, 80 km/h: t (12) = 7.91, p < .001, and 100 
km/h: t (12) = 5.36, p < .001). However, the amount of time spent at 2 km/h or more above the 
speed limit was significantly higher (by up to 120%) in the After ISA period compared to the 
During period in these five speed zones (50 km/h: t (9) = 3.24, p = .010, 60 km/h: t (9) = 3.78, p = 
.004, 70 km/h: t (9) = 2.38, p = .041, 80 km/h: t (9) = 4.53, p = .001 and 100 km/h: t (9) = 3.55, p = 
.006 zones). No significant differences in the percentage of time spent at 2 km/h or more above 
the speed limit were found between the Before and After periods, or between the four 750 km 
segments of the During ISA period.  

When the percentage of time spent at 2 km/h or more above the speed limit was examined for 
constrained speeds, the results were very similar to those for free-flow conditions. The drivers 
spent a significantly smaller amount of time (up to 57%) 2 km/h or more above the speed limit 
in the ISA During period compared to the Before ISA period in all five speed zones (50 km/h: t 
(12) = 2.89, p = .013, 60 km/h: t (12) = 4.28, p = .001, 70 km/h: t (12) = 3.48, p = .005, 80 km/h: t 
(12) = 3.59, p = .004, and 100 km/h: t (12) = 5.42, p < .001). The amount of time spent at 2 km/h or 
more above the speed limit, however, was significantly higher (by up to 109%) in the After ISA 
period compared to the During period in the 60 km/h zones (t (9) = 3.93, p = .003) and 100 km/h 
zones (t (9) = 3.05, p = .014). No significant differences in the percentage of time spent at 2 km/h 
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or more above the speed limit under constrained conditions were found between the Before and 
After periods, or between the four 750 km segments of the During ISA period. 

For the ISA & FDW combined system periods under free-flow conditions, the percentage of 
driving time spent at 2 km/h or more above the speed limit reduced significantly (by up to 
61%) from Before ISA and FDW levels in the During period in all five speed zones (50 km/h: t 
(12) = 3.99, p = .002, 60 km/h: t (12) = 5.68, p < .001, 70 km/h: t (12) = 3.34, p < .001, 80 km/h: t 
(12) = 2.94, p < .001, and 100 km/h: t (12) = 2.58, p < .001). However, the amount of time spent at 
2 km/h or more above the speed limit was significantly higher (by up to 143%) in the After ISA 
and FDW period compared to the During period in all five zones (50 km/h: t (11) = 4.27, p = 
.001, 60 km/h: t (11) = 4.33, p = .001, 70 km/h: t (11) = 3.34, p = .002, 80 km/h: t (11) = 2.62, p = 
.024, and 100 km/h: t (11) = 2.36, p = .037). No significant differences in the percentage of time 
spent at 2 km/h or more above the speed limit were found between the Before and After 
periods, or between the four 750 km segments of the During ISA period.  

Table 6.10. Percentage of time spent at 2 km/h or more above the speed limit under free-flow 
and constrained speed conditions across the ISA alone, FDW alone and ISA and FDW 
combined driving periods for the treatment drivers. 

Driving Period   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Before ISA1 Free-flow speeds 28.88% 27.61% 22.32% 22.70% 21.35% 
 Constrained speeds 27.47% 16.92% 10.73% 11.23% 14.78% 
During ISA Free-flow speeds 20.68% 15.02% 11.54% 10.05% 9.58% 
 Constrained speeds 15.75% 8.36% 5.42% 5.32% 6.36% 
After ISA Free-flow speeds 28.50% 24.66% 20.34% 22.13% 15.49% 
 Constrained speeds 21.96% 17.49% 10.11% 12.94% 10.91% 
Before ISA&FDW1 Free-flow speeds 27.96% 28.35% 23.28% 19.67% 18.68% 
 Constrained speeds 21.79% 15.76% 11.37% 10.54% 12.40% 
During ISA&FDW Free-flow speeds 16.84% 13.82% 11.37% 9.11% 7.34% 
 Constrained speeds 16.13% 8.20% 5.22% 4.35% 4.26% 
After ISA&FDW Free-flow speeds 25.87% 27.14% 24.43% 18.92% 17.81% 
 Constrained speeds 28.34% 15.46% 11.24% 8.94% 11.13% 
Before FDW2 Free-flow speeds 31.66% 30.61% 26.74% 21.59% 19.74% 
 Constrained speeds 33.87% 19.00% 12.84% 12.57% 13.93% 
During FDW Free-flow speeds 31.39% 30.07% 24.67% 23.87% 23.64% 
 Constrained speeds 28.22% 18.20% 13.84% 14.02% 15.18% 
After FDW Free-flow speeds 25.96% 28.63% 24.44% 23.68% 25.08% 
 Constrained speeds 21.10% 14.74% 12.39% 11.86% 15.88% 

Note: 1 n=13, 2 n=14 
 

When the percentage of time spent at 2 km/h or more above the speed limit was examined for 
constrained speeds in the ISA and FDW periods, the results revealed that drivers spent a 
significantly smaller amount of time (up to 66%) at 2 km/h or more above the speed limit in the 
During period than they did in the Before period in 60 km/h zones (t (12) = 4.99, p < .001), 70 
km/h zones (t (12) = 2.68, p = .020), 80 km/h zones (t (12) = 3.12, p = .009) and 100 km/h zones (t 
(12) = 2.56, p = .025). Drivers, however, spent a greater percentage of time (up to 161%) at 2 
km/h or more above the speed limit in the After ISA and FDW period compared to the During 
period in the 50 km/h zones (t (11) = 2.49, p = .035), 60 km/h zones (t (11) = 3.52, p = .005), 70 
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km/h zones (t (11) = 2.30, p = .042) and 100 km/h zones (t (11) = 2.59, p = .025). Again, no 
significant differences in the percentage of time spent at 2 km/h or more above the speed limit 
under constrained conditions were found between the Before and After periods, or between the 
four 750 km segments of the During ISA period. 

No significant differences in the percentage of driving time spent 2 km/h or more above the 
speed limit were found for the FDW alone periods under free-flow conditions. However, when 
the percentage of time spent 2 km/h or more above the speed limit was examined for 
constrained speeds during the FDW periods, the results revealed that drivers spent significantly 
less time (up to 17% less) 2 km/h or more above the speed limit in the FDW After period 
compared to the Before period in the 50 km/h zones (t (13) = 2.95, p = .011) and 60 km/h zones (t 
(13) = 3.02, p = .010). In the 60 km/h zones, drivers also spent significantly less time (24%)  
2km/h or more above the speed limit in the After FDW period compared to the During FDW 
period (t (13) = 2.73, p = .017). Again, no significant differences in the percentage of time 
spent 2 km/h or more above the speed limit under constrained conditions were found between 
the four 750 km segments of the During FDW period. 

Percentage of Time Spent at 5 km/h or More Above the Speed Limit 

The percentage of time the treatment drivers spent driving at 5 km/h or more above the speed 
limit in the ISA and ISA and FDW combined driving periods is displayed in Table 6.11 for the 
free-flow and constrained driving speeds. 

Table 6.11. Percentage of time spent at 5 km/h or more above the speed limit under free-flow 
and constrained speed conditions across the ISA alone, FDW alone and ISA and FDW 
combined driving periods for treatment drivers. 

Driving Period   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Before ISA1 Free-flow speeds 17.46% 15.11% 11.38% 12.04% 8.38% 
 Constrained speeds 18.05% 8.04% 5.57% 5.18% 5.76% 
During ISA Free-flow speeds 11.55% 6.27% 4.49% 3.65% 2.98% 
 Constrained speeds 8.96% 3.13% 1.68% 2.14% 1.87% 
After ISA Free-flow speeds 18.01% 12.87% 12.06% 11.17% 4.90% 
 Constrained speeds 14.23% 8.72% 4.90% 6.72% 3.38% 
Before ISA&FDW1 Free-flow speeds 17.38% 15.43% 13.01% 11.35% 9.42% 
 Constrained speeds 14.12% 7.68% 5.80% 6.09% 5.74% 
During ISA&FDW Free-flow speeds 8.62% 5.25% 4.92% 4.09% 2.18% 
 Constrained speeds 9.51% 3.45% 2.14% 1.95% 1.34% 
After ISA&FDW Free-flow speeds 14.85% 13.93% 12.53% 10.88% 7.29% 
 Constrained speeds 20.72% 7.56% 5.73% 5.45% 4.12% 
Before FDW2 Free-flow speeds 21.26% 16.53% 15.93% 12.41% 7.20% 
 Constrained speeds 24.27% 10.10% 5.99% 7.04% 4.76% 
During FDW Free-flow speeds 20.93% 16.81% 14.33% 13.36% 10.69% 
 Constrained speeds 18.82% 8.89% 8.37% 8.37% 6.50% 
After FDW Free-flow speeds 16.52% 16.32% 13.16% 13.13% 10.39% 
 Constrained speeds 13.97% 7.44% 6.53% 6.25% 6.17% 

Note: 1 n=13, 2 n=14 
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For the ISA system periods under free-flow conditions, the percentage of driving time spent at 5 
km/h or more above the speed limit reduced significantly (by up to 70%) from Before ISA 
levels in the During period in all five speed zones (50 km/h: t (12) = 3.05, p = .010, 60 km/h: t 
(12) = 5.09, p < .001, 70 km/h: t (12) = 4.64, p = .001, 80 km/h: t (12) = 6.47, p < .001, and 100 
km/h: t (12) = 2.29, p = .041). However, the amount of time spent at 5 km/h or more above the 
speed limit was significantly higher (by up to 206%) in the After ISA period compared to the 
During period in these five speed zones (50 km/h: t (9) = 3.22, p = .010, 60 km/h: t (9) = 3.54, p < 
.001, 70 km/h: t (9) = 2.31, p = .001, 80 km/h: t (9) = 3.59, p = .006 and 100 km/h: t (9) = 2.42, p = 
.039). No significant differences in the percentage of time spent at 5 km/h or more above the 
speed limit were found between the Before and After periods, or between the four 750 km 
segments of the During ISA period.  

When the percentage of time spent at 5 km/h or more above the speed limit was examined for 
constrained speeds in the ISA periods, the results revealed that drivers spent a significantly 
smaller amount of time (up to 70%) at 5 km/h or more above the speed limit in the During 
period than they did in the Before period in all five speed zones (50 km/h: t (12) = 2.34, p = .038, 
60 km/h: t (12) = 2.94, p = .021, 70 km/h: t (12) = 3.63, p = .003, 80 km/h: t (12) = 2.62, p = .022, 
and 100 km/h: t (12) = 2.62, p = .022). Drivers, however, spent a greater percentage of time 
(179%) at 5 km/h or more above the speed limit in the After ISA period compared to the 
During period in the 60 km/h zones (t (9) = 3.28, p = .010). Again, no significant differences in 
the percentage of time spent at 5 km/h or more above the speed limit under constrained 
conditions were found between the Before and After periods, or between the four 750 km 
segments of the During ISA period. 

For the ISA & FDW system periods under free-flow conditions, the percentage of driving time 
spent at 5 km/h or more above the speed limit reduced significantly (by up to 77%) from 
Before ISA and FDW levels in the During period in the 50 km/h zones (t (12) = 3.76, p = .003), 
60 km/h zones (t (12) = 4.68, p < .001), 70 km/h zones (t (12) = 3.18, p = .008) and 80 km/h zones 
(t (12) = 2.35, p = .037). However, the amount of time spent at 5 km/h or more above the speed 
limit was significantly higher (by up to 234%) in the After ISA and FDW period compared to 
the During period in these five speed zones (50 km/h: t (11) = 3.43, p = .006, 60 km/h: t (11) = 
4.68, p = .001, 70 km/h: t (11) = 3.04, p = .011 and 80 km/h: t (11) = 2.44, p = .033). No significant 
differences in the percentage of time spent at 5 km/h or more above the speed limit were found 
between the Before and After periods, or between the four 750 km segments of the During ISA 
and FDW period.  

When the percentage of time spent at 5 km/h or more above the speed limit was examined for 
constrained speeds in the ISA and FDW periods, the results revealed that drivers spent a 
significantly smaller amount of time (up to 68%) at 5 km/h or more above the speed limit in the 
During period than they did in the Before period in 60 km/h zones (t (12) = 3.69, p = .003) and 
80 km/h zones (t (12) = 2.37, p = .035). Drivers, however, spent a greater percentage of time (up 
to 119%) at 5 km/h or more above the speed limit in the After ISA and FDW period compared 
to the During period in the 50 km/h zones (t (11) = 2.65, p = .023) and 60 km/h zones (t (11) = 
2.72, p = .020). Again, no significant differences in the percentage of time spent at 5 km/h or 
more above the speed limit under constrained conditions were found between the Before and 
After periods, or between the four 750 km segments of the During ISA and FDW period. 

No significant differences in the percentage of driving time spent 5 km/h or more above the 
speed limit were found for the FDW alone periods under free-flow conditions. However, when 
the percentage of time spent above the speed limit was examined for constrained speeds during 
the FDW periods, the results revealed that drivers spent a significantly smaller amount of time 
(up to 42%) 5 km/h or more above the speed limit in the FDW After period compared to the 
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Before period in the 50 km/h zones (t (13) = 2.23, p = .044) and 60 km/h zones (t (13) = 2.91, p = 
.012). No significant differences in the percentage of time spent 5 km/h or more above the 
speed limit under constrained conditions were found between the During period and either of 
the Before or After periods. Also, no significant differences were observed between the four 
750 km segments of the During FDW period. 

 
Percentage of Time Spent at 10 km/h or More Above the Speed Limit 

The percentage of time the treatment drivers spent driving at 10 km/h or more above the speed 
limit in the ISA, FDW and ISA and FDW combined driving periods is displayed in Table 6.12 
for free-flow and constrained driving speeds. 

When the percentage of driving time spent at 10 km/h or more above the speed limit was 
examined for the ISA alone periods under free-flow conditions, results revealed that drivers 
spent significantly less time (up to 65%) exceeding the speed limit by 10 km/h or more in the 
During period than they did in the Before ISA period. This was found for the 60 km/h zones (t 
(12) = 4.49, p = .001) and 80 km/h zones (t (12) = 5.03, p < .001). However, the amount of time 
spent at 10 km/h or more above the speed limit was significantly higher (by up to 105%) in the 
After ISA period compared to the During period in the 50 km/h zones (t (9) = 2.31, p = .047) and 
60 km/h zones (t (9) = 3.28, p = .009). No significant differences in the percentage of time spent 
at 10 km/h or more above the speed limit were found between the Before and After periods, or 
between the four 750 km segments of the During ISA period. In addition, no significant 
differences in the percentage of driving time spent 10 km/h or more above the speed limit were 
found for the ISA alone periods under constrained speed conditions. 

Table 6.12. Percentage of time spent at 10 km/h or more above the speed limit under free-flow 
and constrained speed conditions across the ISA alone, FDW alone and ISA and FDW 
combined driving periods for the treatment drivers. 

Driving Period   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Before ISA1 Free-flow speeds 5.70% 5.17% 2.45% 4.26% 1.12% 
 Constrained speeds 7.24% 2.56% 1.31% 1.82% 0.66% 
During ISA Free-flow speeds 4.08% 2.15% 1.25% 1.51% 0.49% 
 Constrained speeds 3.62% 1.16% 0.42% 0.72% 0.26% 
After ISA Free-flow speeds 5.88% 4.41% 4.34% 3.84% 0.82% 
 Constrained speeds 4.78% 3.23% 1.26% 3.49% 0.22% 
Before ISA&FDW1 Free-flow speeds 6.75% 4.77% 4.51% 5.15% 2.21% 
 Constrained speeds 5.11% 2.89% 1.82% 2.22% 0.89% 
During ISA&FDW Free-flow speeds 2.81% 1.96% 1.96% 1.74% 0.38% 
 Constrained speeds 4.20% 1.52% 0.72% 0.91% 0.26% 
After ISA&FDW Free-flow speeds 5.28% 3.91% 3.90% 4.99% 1.16% 
 Constrained speeds 8.65% 2.89% 1.87% 3.69% 0.48% 
Before FDW2 Free-flow speeds 8.61% 5.17% 6.35% 4.88% 1.32% 
 Constrained speeds 11.86% 3.62% 1.18% 3.53% 0.68% 
During FDW Free-flow speeds 8.30% 6.20% 4.41% 5.83% 3.01% 
 Constrained speeds 9.07% 2.78% 2.38% 3.41% 1.13% 
After FDW Free-flow speeds 6.25% 5.53% 3.74% 5.71% 1.99% 
 Constrained speeds 5.99% 2.89% 1.85% 2.38% 0.73% 

Note: 1 n=13, 2 n=14 



TAC SAFECAR PROJECT: FINAL REPORT 99 

For the ISA & FDW system periods under free-flow conditions, the percentage of driving time 
spent at 10 km/h or more above the speed limit reduced significantly (by up to 59%) from 
Before ISA and FDW levels in the During period in the 50 km/h zones (t (12) = 3.09, p = .009) 
and 60 km/h zones (t (12) = 2.95, p = .012). However, the amount of time spent at 10 km/h or 
more above the speed limit was significantly higher (by up to 100%) in the After ISA and FDW 
period compared to the During period in the 50 km/h zones (t (11) = 2.75, p = .019) and 60 km/h 
zones (t (11) = 3.36, p = .006). No significant differences in the percentage of time spent at 10 
km/h or more above the speed limit were found between the Before and After periods, or 
between the four 750 km segments of the During ISA period.  

When the percentage of time spent at 10 km/h or more above the speed limit was examined for 
constrained speeds in the ISA and FDW periods, the results revealed that drivers spent a 
significantly smaller amount of time (up to 52%) at 10 km/h or more above the speed limit in 
the During period than they did in the After period in the 50 km/h zones (t (11) = 2.94, p = .013) 
and 60 km/h zones (t (11) = 2.43, p = .034). Drivers, also spent a greater percentage of time 
(70%) at 10 km/h or more above the speed limit in the After ISA and FDW period compared to 
the Before period in the 50 km/h zones (t (11) = 3.28, p = .007). No significant differences in the 
percentage of time spent at 10 km/h or more above the speed limit under constrained 
conditions were found between the Before and During periods, or between the four 750 km 
segments of the During ISA period. 

When the percentage of time spent above the speed limit was examined for free-flow speeds 
during the FDW periods, the results revealed that, in 50 km/h zones, drivers spent a 
significantly smaller amount of time 10 km/h or more above the speed limit in the FDW After 
period compared to the Before (t (13) = 2.34, p = .036) or During periods (t (13) = 2.31, p = .038) 
(27% and 25%, respectively). In 100 km/h zones, drivers spent a significantly greater (66%) of 
time spent 10 km/h or more above the speed limit in the During period compared to the Before 
period (t (13) = 2.84, p = .014). No significant differences were observed between four 750 km 
segments of the During FDW period. Also, no significant differences in the percentage of 
driving time spent 10 km/h or more above the speed limit were found for the FDW alone 
periods under constrained conditions. 

 
Treatment Versus Control Group Analyses 

The percentage of time spent 2, 5, and 10 km/h above the speed limit was also compared across 
the treatment and control drivers. A series of 3-way mixed ANOVAs were conducted to 
compare the percentage of time the treatment and control drivers spent exceeding the speed 
limit. The independent variables examined in the analyses included group (treatment versus 
control), driving period (Before, During and After) and treatment order (During 1, 2 and 3), 
which corresponded to the During period in which the treatment drivers received the ISA alone, 
FDW alone and ISA and FDW combined periods. As with mean speed, the control drivers’ 
speed variability data were matched to each treatment order. The data for several drivers, two 
for the ISA alone, two for the ISA and FDW combined and one for the FDW alone data, were 
excluded from the analyses as the drivers had data missing in these driving periods. 

Percentage of Time Spent at 2 km/h or More Above the Speed Limit 

The percentage of time the treatment and control drivers spent driving at 2 km/h or more above 
the speed limit in the ISA, FDW and ISA and FDW combined driving periods is displayed in 
Table 6.14 for the free-flow and constrained driving speeds. 
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When the percentage of driving time spent at 2 km/h or more above the speed limit was 
examined for the ISA alone periods under free-flow conditions, results revealed a significant 
group by driving period interaction in the 60 km/h zones (F (2,56) = 8.77, p = .001), 70 km/h 
zones (F (2,56) = 3.93, p = .025), 80 km/h zones (F (2,56) = 6.52, p = .003) and 100 km/h zones (F 
(2,56) = 4.43, p = .016).  In all of these zones, while the percentage of time the control drivers 
spent at 2 km/h or more above the speed limit did not differ across the driving periods, the 
amount of time the treatment drivers spent at 2 km/h or more above the speed limit when the 
ISA system was active was significantly lower than what it was in both the Before ISA (p < 
.001) and After ISA (p < .006) periods. No significant differences in the percentage of time spent 
at 2 km/h or more above the speed limit were found in the 50 km/h zones.  

When the percentage of time spent at 2 km/h or more above the speed limit was examined for 
constrained speeds, the results revealed a group by driving period interaction in 60 km/h zones 
(F (2,52) = 3.87, p = .008), 80 km/h zones (F (2,52) = 4.45, p = .016) and 100 km/h zones (F (2,52) = 
4.69, p = .013). The amount of time treatment drivers spent at 2 km/h or more above the speed 
limit in the ISA During period was significantly lower than what it was in the Before (p < .010) 
and After ISA (p < .05) periods. The percentage of time that control drivers spent at 2 km/h or 
more above the speed limit, however, did not differ across driving periods. A driving period by 
treatment order interaction was also revealed for 60 km/h zones (F (4,52) = 3.87, p = .008) and 80 
km/h zones (F (4,52) = 3.49, p = .014), whereby drivers in treatment order one spent less time at 2 
km/h or more above the speed limit in the ISA During period compared to the Before period (p 
< .006) and, for the 60 km/h zones only, the After ISA period (p = .019). The amount of time 
spent at 2 km/h or more above the speed limit did not differ significantly across the driving 
periods for drivers in treatment orders two and three. A main effect for group was found in 50 
km/h zones (F (1,26) = 5.92, p = .022) and 70 km/h zones (F (1,26) = 49.94, p < .001), whereby 
treatment drivers spent less time than control drivers driving 2 km/h or more above the speed 
limit. Finally, a main effect for driving period was found in 50 km/h zones (F (2,52) = 3.53, p = 
.036), such that drivers spent significantly less time driving 2 km/h or more above the speed 
limit in the During ISA period compared to the Before (p = .015) or After (p = .012) periods. 

For the ISA & FDW system periods under free-flow conditions, the results revealed a 
significant group by driving period interaction in all five speed zones (50 km/h: F (2,60) = 17.38, 
p < .001, 60 km/h: F (2,60) = 3.71, p = .030, 80 km/h: F (2,60) = 7.06, p = .002, 80 km/h: F (2,60) = 
3.59, p = .034, and 100 km/h: F (2,60) = 4.63, p = .013, zones). In all of these zones, while the 
percentage of time the control drivers spent at 2 km/h or more above the speed limit did not 
differ across the driving periods, the amount of time the treatment drivers spent at 2 km/h or 
more above the speed limit when the ISA and FDW system was active was significantly lower 
than what it was in both the Before (p < .05) and After ISA and FDW (p < .05) periods.  
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Table 6.14. Percentage of time spent at 2 km/h or more above the speed limit under free-flow 
and constrained speed conditions across the ISA alone, FDW alone and ISA and FDW 
combined driving periods for the treatment and control drivers. 

Driving Period   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Free-flow speeds       

Before ISA Treatment1  28.87% 27.61% 22.32% 22.70% 21.35% 
 Control  35.81% 38.08% 33.16% 26.21% 25.81% 
During ISA Treatment  20.68% 15.02% 11.53% 10.05% 9.57% 
 Control  35.24% 37.84% 34.25% 24.73% 28.14% 
After ISA Treatment  28.50% 24.66% 20.34% 22.12% 15.49% 
 Control  35.77% 38.16% 34.02% 26.20% 28.95% 
Before ISA&FDW Treatment1  27.95% 28.34% 23.28% 19.67% 18.69% 
 Control  35.80% 38.07% 33.16% 26.16% 25.82% 
During ISA&FDW Treatment  16.84% 13.82% 11.36% 9.11% 7.34% 
 Control  35.24% 37.84% 34.25% 24.73% 28.14% 
After ISA&FDW Treatment  25.87% 27.14% 24.43% 18.93% 17.81% 
 Control  35.77% 38.16% 34.02% 26.20% 28.95% 
Before FDW Treatment2  31.65% 30.61% 26.74% 21.59% 19.74% 
 Control  35.80% 38.07% 33.15% 26.21% 25.81% 
During FDW Treatment  31.39% 30.07% 24.67% 23.87% 23.64% 
 Control  35.24% 37.85% 34.25% 24.73% 28.14% 
After FDW Treatment  25.96% 28.63% 24.44% 23.68% 25.08% 
 Control  35.77% 38.16% 34.02% 26.20% 28.95% 
Constrained Speeds       

Before ISA Treatment1  27.47% 16.92% 10.73% 11.22% 14.78% 
 Control  35.89% 25.75% 17.88% 12.36% 18.21% 
During ISA Treatment  15.75% 8.36% 5.41% 5.31% 6.36% 
 Control  33.45% 25.47% 19.20% 12.33% 20.42% 
After ISA Treatment  21.96% 17.49% 10.10% 12.94% 10.91% 
 Control  37.22% 26.27% 19.81% 12.27% 21.09% 
Before ISA&FDW Treatment1  21.79% 15.75% 11.37% 10.54% 12.40% 
 Control  35.89% 25.75% 17.88% 12.36% 18.21% 
During ISA&FDW Treatment  16.13% 8.20% 5.22% 4.35% 4.26% 
 Control  33.45% 25.47% 19.20% 12.32% 20.42% 
After ISA&FDW Treatment  28.33% 15.46% 11.24% 8.94% 11.13% 
 Control  37.22% 26.27% 19.82% 12.27% 21.09% 
Before FDW Treatment2  33.87% 19.00% 12.83% 12.57% 13.93% 
 Control  35.89% 25.75% 17.88% 12.36% 18.21% 
During FDW Treatment  28.22% 18.20% 13.84% 14.03% 15.18% 
 Control  33.45% 25.47% 19.20% 12.32% 20.42% 
After FDW Treatment  21.10% 14.73% 12.39% 11.86% 15.88% 
 Control  37.21% 26.27% 19.81% 12.27% 21.09% 
Note: 1 n=13, 2 n=14 
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When the percentage of time spent at 2 km/h or more above the speed limit was examined for 
constrained speeds in the ISA and FDW periods, the results revealed a main effect for driving 
period in the 50 km/h zones (F (2,56) = 7.60, p = .001), whereby drivers spent significantly less 
time driving at 2 km/h or more above the speed limit in the During ISA and FDW period 
compared to the After ISA and FDW (p = .006) period. A significant period by group interaction 
was also revealed for the 60 km/h zones (F (2,56) = 9.05, p < .001), 70 km/h zones (F (2,56) = 
3.37, p = .041), 80 km/h zones (F (2,56) = 4.27, p = .019) and 100 km/h  zones (F (2,56) = 4.61, p = 
.014), whereby the percentage of time the control drivers spent at 2 km/h or more above the 
speed limit did not differ across the driving periods. However, the amount of time the treatment 
drivers spent at 2 km/h or more above the speed limit when the ISA and FDW system was 
active was significantly lower than what it was in both the Before (p < .05) period and, for the 
60, 70 and 100 km/h zones only, the After ISA and FDW (p < .05) period.  

No significant differences in the percentage of time spent above the speed limit were found 
across the FDW alone driving periods under free-flow conditions. However, under constrained 
conditions, a significant period by group interaction was revealed for the 50km/h zones (F 
(2,60) = 4.10, p = .021) and 60 km/h zones (F (2,60) = 5.06, p = .009). The percentage of time the 
control drivers spent at 2 km/h or more above the speed limit did not differ across the driving 
periods. However, the amount of time the treatment drivers spent at 2 km/h or more above the 
speed limit in the FDW After period was significantly lower than what it was in both the 
Before (p < .012) period and, for the 60 km/h zones only, the During FDW (p = .017) period. No 
significant differences in the percentage of time spent at 2 km/h or more above the speed limit 
were found in the 70, 80 or 100 km/h zones. 

 
Percentage of Time Spent at 5 km/h or More Above the Speed Limit 

The percentage of time the treatment and control drivers spent driving at 5 km/h or more above 
the speed limit in the ISA, FDW and ISA and FDW combined driving periods is displayed in 
Table 6.15 for the free-flow and constrained driving speeds. 

When the percentage of driving time spent at 5 km/h or more above the speed limit was 
examined for the ISA alone periods under free-flow conditions, results revealed a significant 
group by driving period interaction in the 60 km/h zones (F (2,56) = 5.86, p = .005) and 80 km/h 
zones (F (2,56) = 6.68, p = .002). In both of these zones, while the percentage of time the control 
drivers spent at 5 km/h or more above the speed limit did not differ across the driving periods, 
the amount of time the treatment drivers spent at 5 km/h or more above the speed limit when 
the ISA system was active was significantly lower than what it was in both the Before ISA (p < 
.001) and After ISA (p < .006) periods. A significant main effect for group was also revealed for 
the 70 km/h (F (1,28) = 19.84, p < .001) and 100 km/h zones (F (1,28) = 7.94, p = .009), whereby 
the treatment drivers spent a smaller amount of time driving at 5km/h or more above the speed 
limit than did the control drivers. No significant differences in the percentage of time spent at 5 
km/h or more above the speed limit were found in the 50 km/h zones.  
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Table 6.15. Percentage of time spent at 5 km/h or more above the speed limit under free-flow 
and constrained speed conditions across the ISA alone, FDW alone and ISA and FDW 
combined driving periods for the treatment and control drivers. 

Driving Period   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Free-flow speeds       

Before ISA Treatment1  17.46% 15.10% 11.38% 12.04% 8.38% 
 Control  23.70% 22.84% 20.40% 13.27% 8.88% 
During ISA Treatment  11.54% 6.27% 4.49% 3.65% 2.98% 
 Control  23.12% 22.23% 20.77% 12.79% 9.68% 
After ISA Treatment  18.00% 12.87% 12.06% 11.17% 4.90% 
 Control  23.85% 22.36% 21.68% 13.12% 10.31% 
Before ISA&FDW Treatment1  17.38% 15.42% 13.01% 11.35% 9.42% 
 Control  23.70% 22.84% 20.40% 13.27% 8.88% 
During ISA&FDW Treatment  8.62% 5.25% 4.91% 4.09% 2.18% 
 Control  23.12% 22.23% 20.77% 12.79% 9.68% 
After ISA&FDW Treatment  14.85% 13.93% 12.52% 10.88% 7.29% 
 Control  23.85% 22.36% 21.68% 13.12% 10.31% 
Before FDW Treatment2  21.26% 16.52% 15.92% 12.40% 7.20% 
 Control  23.70% 22.84% 20.40% 13.27% 8.88% 
During FDW Treatment  20.93% 16.81% 14.33% 13.35% 10.68% 
 Control  23.12% 22.23% 20.77% 12.79% 9.68% 
After FDW Treatment  16.52% 16.32% 13.16% 13.13% 10.45% 
 Control  23.85% 22.36% 21.68% 13.12% 10.31% 
Constrained Speeds       

Before ISA Treatment1  18.50% 8.04% 5.57% 5.18% 5.76% 
 Control  25.78% 14.03% 9.05% 5.88% 5.95% 
During ISA Treatment  8.96% 3.13% 1.68% 2.14% 1.87% 
 Control  22.91% 14.21% 10.26% 5.65% 7.18% 
After ISA Treatment  14.23% 8.72% 4.90% 6.72% 3.38% 
 Control  26.08% 13.49% 10.93% 5.55% 7.06% 
Before ISA&FDW Treatment1  14.11% 7.68% 5.80% 6.09% 5.73% 
 Control  25.78% 14.03% 9.05% 5.88% 5.95% 
During ISA&FDW Treatment  9.51% 3.45% 2.14% 1.94% 1.34% 
 Control  22.91% 14.21% 10.26% 5.65% 7.18% 
After ISA&FDW Treatment  20.72% 7.55% 5.73% 5.44% 4.12% 
 Control  26.08% 13.49% 10.93% 5.55% 7.06% 
Before FDW Treatment2  24.27% 10.10% 5.98% 7.04% 4.76% 
 Control  25.78% 14.03% 9.05% 5.88% 5.95% 
During FDW Treatment  18.81% 8.88% 8.37% 8.37% 6.50% 
 Control  22.91% 14.21% 10.26% 5.65% 7.18% 
After FDW Treatment  13.97% 7.43% 6.53% 6.25% 6.17% 
 Control  26.08% 13.49% 10.93% 5.55% 7.06% 
Note: 1 n=13, 2 n=14 

 



104 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

When the percentage of time spent at 5 km/h or more above the speed limit was examined for 
constrained speeds, results revealed a significant group by driving period interaction in the 60 
km/h zones (F (2,52) = 6.67, p = .003) and 100 km/h zones (F (2,52) = 3.49, p = .038). In these 
zones, while the percentage of time the control drivers spent at 5 km/h or more above the speed 
limit did not differ across the driving periods, the amount of time the treatment drivers spent at 
5 km/h or more above the speed limit when the ISA system was active was significantly lower 
than what it was in both the Before ISA (p < .03) and After ISA (p < .05) periods. A significant 
driving period by treatment order interaction was also revealed for the 80 km/h (F (4,52) = 3.10, 
p = .023) zone, whereby drivers in treatment order one spent less time at 5 km/h or more above 
the speed limit in the ISA During period compared to the Before ISA period (p = .001), while 
the amount of time spent at 5 km/h or more above the speed limit did not differ significantly 
across the driving periods for those drivers in treatment orders two and three. Finally, a 
significant main effect for group was revealed for the 70 km/h (F (1,26) = 18.85, p < .001) zone, 
whereby the treatment drivers spent a smaller amount of time driving at 5km/h or more above 
the speed limit than did the control drivers. No significant differences in the percentage of time 
spent 5 km/h or more above the speed limit were found in 50 km/h zones.  

For the ISA & FDW system periods under free-flow conditions, the results revealed a 
significant group by driving period interaction in the 60 km/h zones (F (2,60) = 9.91, p < .001), 
70 km/h zones (F (2,60) = 3.94, p = .025) and 80 km/h zones (F (2,60) = 3.82, p = .027). In all of 
these zones, while the percentage of time the control drivers spent at 5 km/h or more above the 
speed limit did not differ across the driving periods, the amount of time the treatment drivers 
spent at 5 km/h or more above the speed limit when the ISA and FDW system was active was 
significantly lower than what it was in both the Before (p < .040) and After ISA and FDW (p < 
.040) periods. No significant differences in the percentage of time spent at 5 km/h or more 
above the speed limit were found in the 50 or 100 km/h zones. 

When the percentage of time spent at 5 km/h or more above the speed limit was examined for 
constrained speeds in the ISA and FDW periods, the results revealed a main effect for driving 
period in the 50 km/h zone (F (2,56) = 6.89, p = .002), whereby the drivers spent significantly 
more time driving at 5 km/h or more above the speed limit in the After ISA and FDW period 
than they did in the During (p = .006) period. A significant main effect for group was revealed 
for the 70 km/h (F (1,28) = 19.31, p < .001) zones, whereby the treatment drivers spent a smaller 
amount of time driving at 5km/h or more above the speed limit than did the control drivers. 
Finally, a significant period by group interaction was revealed for the 60 km/h (F (2,56) = 6.24, p 
= .004) zones, whereby the percentage of time the control drivers spent at 5 km/h or more above 
the speed limit did not differ across the driving periods. However, the amount of time the 
treatment drivers spent at 5 km/h or more above the speed limit when the ISA and FDW system 
was active was significantly lower than what it was in both the Before ISA and FDW period (p 
= .003) and the After ISA and FDW period (p = .020). No significant differences in the 
percentage of time spent at 5 km/h or more above the speed limit were found in the 80 or 100 
km/h zones. 

No significant differences in the percentage of time spent 5 km/h or more above the speed limit 
were found across the FDW alone driving periods for any of these speed zones. 

 
Percentage of Time Spent at 10 km/h or More Above the Speed Limit 

The percentage of time the treatment and control drivers spent driving at 10 km/h or more 
above the speed limit in the ISA, FDW and ISA and FDW combined driving periods is 
displayed in Table 6.16 for the free-flow and constrained driving speeds. 



TAC SAFECAR PROJECT: FINAL REPORT 105 

Table 6.16. Percentage of time spent at 10 km/h or more above the speed limit under free-flow 
and constrained speed conditions across the ISA alone, FDW alone and ISA and FDW 
combined driving periods for the treatment and control drivers. 

Driving Period   50 km/h 60 km/h 70 km/h 80 km/h 100 km/h 
Free-flow speeds       

Before ISA Treatment1  5.70% 5.17% 2.44% 4.25% 1.12% 
 Control  9.71% 8.68% 7.40% 3.59% 1.03% 
During ISA Treatment  4.08% 2.15% 1.25% 1.51% 0.49% 
 Control  9.45% 8.36% 7.52% 4.30% 1.42% 
After ISA Treatment  5.88% 4.40% 4.34% 3.84% 0.82% 
 Control  9.78% 8.00% 9.29% 3.71% 1.49% 
Before ISA&FDW Treatment1  6.74% 4.76% 4.51% 5.15% 2.21% 
 Control  9.71% 8.68% 7.40% 3.59% 1.03% 
During ISA&FDW Treatment  2.80% 2.00% 1.96% 1.74% 0.38% 
 Control  9.45% 8.36% 7.52% 4.30% 1.42% 
After ISA&FDW Treatment  5.28% 4.97% 3.90% 4.99% 1.16% 
 Control  9.78% 8.00% 9.29% 3.71% 1.49% 
Before FDW Treatment2  8.61% 5.17% 6.36% 4.88% 1.32% 
 Control  9.71% 8.68% 7.40% 3.59% 1.03% 
During FDW Treatment  8.30% 6.20% 4.41% 5.83% 3.00% 
 Control  9.45% 8.36% 7.52% 4.30% 1.42% 
After FDW Treatment  6.25% 5.52% 3.74% 5.70% 1.99% 
 Control  9.78% 8.00% 9.29% 3.71% 1.49% 
Constrained Speeds       

Before ISA Treatment1  7.24% 2.55% 1.30% 1.82% 0.65% 
 Control  13.51% 4.79% 2.13% 1.57% 0.62% 
During ISA Treatment  3.62% 1.16% 0.42% 0.72% 0.25% 
 Control  11.01% 5.01% 2.74% 1.56% 0.87% 
After ISA Treatment  4.78% 3.22% 1.25% 3.49% 0.22% 
 Control  12.93% 4.58% 3.58% 1.52% 0.83% 
Before ISA&FDW Treatment1  5.11% 2.89% 1.82% 2.22% 0.89% 
 Control  13.51% 4.79% 2.13% 1.57% 0.62% 
During ISA&FDW Treatment  4.20% 1.52% 0.72% 0.91% 0.26% 
 Control  11.01% 5.01% 2.74% 1.56% 0.87% 
After ISA&FDW Treatment  8.65% 2.89% 1.87% 3.69% 0.48% 
 Control  12.93% 4.58% 3.58% 1.52% 0.83% 
Before FDW Treatment2  1.18% 3.62% 1.18% 3.53% 0.68% 
 Control  13.51% 4.79% 2.13% 1.57% 0.62% 
During FDW Treatment  9.07% 2.78% 2.38% 3.41% 1.13% 
 Control  11.01% 5.01% 2.74% 1.56% 0.87% 
After FDW Treatment  5.99% 2.89% 1.85% 2.38% 0.73% 
 Control  12.93% 4.58% 3.58% 1.52% 0.83% 
Note: 1 n=13, 2 n=14 
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When the percentage of driving time spent at 10 km/h or more above the speed limit was 
examined for the ISA alone periods under free-flow conditions, results revealed a significant 
group by driving period interaction in 80 km/h zones (F (2,56) = 4.96, p = .010). More 
specifically, while the percentage of time the control drivers spent at 10 km/h or more above 
the speed limit did not differ across the driving periods, the amount of time the treatment 
drivers spent at 10 km/h or more above the speed limit when the ISA system was active was 
significantly lower than what it was in the Before ISA period (p < .001). A significant main 
effect for group was also revealed for the 60 km/h zones (F (1,28) = 7.71, p = .010) and 70 km/h 
zones (F (1,28) = 4.70, p = .039), whereby the treatment drivers spent a smaller amount of time 
driving at 10 km/h or more above the speed limit than did the control drivers. No significant 
differences in the percentage of time spent at 10 km/h or more above the speed limit were 
found in the 50 or 100 km/h zones.  

When the percentage of time spent at 10 km/h or more above the speed limit was examined for 
constrained speeds, the results revealed a significant main effect for group in the 60 km/h zones 
(F (1,26) = 7.24, p = .012) and 70 km/h zones (F (1,26) = 5.71, p = .024), whereby the treatment 
drivers spent a smaller amount of time driving at 10 km/h or more above the speed limit than 
did the control drivers. No significant differences in the percentage of time spent at 10 km/h or 
more above the speed limit were found in the 50, 80 and 100 km/h zones. 

For the ISA & FDW system periods under free-flow conditions, the results revealed a 
significant group by driving period interaction in 60 km/h zones (F (2,40) = 5.15, p = .010), 
whereby the percentage of time the control drivers spent at 10 km/h or more above the speed 
limit did not differ across the driving periods, but the amount of time the treatment drivers 
spent at 10 km/h or more above the speed limit when the ISA and FDW system was active was 
significantly lower than what it was in both the Before (p = .012) and After ISA and FDW (p = 
.006) periods. A significant main effect for group was also found in the 50 km/h zones (F (1,30) 
= 4.83, p = .036) and 70 km/h zones (F (1,30) = 4.46, p = .043), whereby the treatment drivers 
spent a smaller amount of time driving at 10 km/h or more above the speed limit than did the 
control drivers. No significant differences in the percentage of time spent at 10 km/h or more 
above the speed limit were found in the 80 or 100 km/h zones. 

When the percentage of time spent at 10 km/h or more above the speed limit was examined for 
constrained speeds in the ISA and FDW periods, the results revealed a significant group by 
driving period interaction in 60 km/h zones (F (2,56) = 3.52, p = .036), whereby the percentage of 
time the control drivers spent at 10 km/h or more above the speed limit did not differ across the 
driving periods, but the amount of time the treatment drivers spent at 10 km/h or more above 
the speed limit when the ISA and FDW system was active was significantly lower than what it 
was in the After ISA and FDW (p = .034) period. A significant driving period by treatment 
order interaction was also revealed for 80 km/h zones (F (4,56) = 5.39, p = .001), whereby drivers 
in treatment order one spent more time at 10 km/h or more above the speed limit in the ISA and 
FDW Before period compared to the After ISA and FDW period (p = .033), while the amount of 
time spent at 10 km/h or more above the speed limit did not differ significantly across the 
driving periods for those drivers in treatment orders two and three. No significant differences in 
the percentage of time spent at 10 km/h or more above the speed limit were found in the 50, 70 
or 100 km/h zones. 

No significant differences in the percentage of time spent 10 km/h or more above the speed 
limit were found across the FDW alone driving periods for any speed zone. 
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6.2.7 Mean Travel Time 

Mean travel time (in minutes) per trip was examined in order to determine if the use of the ISA 
system (alone or in combination with the FDW system) increased the average time taken to 
complete commuter trips. A commuter trip was defined as any trip longer than 1 minute which 
was started and completed within the time period specified by each participant as the period in 
which they most often travel to and from work. Based on the travel information provided by 
participants, it was established that all participants primarily travelled to and from work 
between the hours of 6 am to 9 am and 4 pm to 7 pm, Monday to Friday. Hence, only trips that 
were completed fully during these periods were included in the analysis of mean travel time. 
Examining mean trip times for commuter trips only, which are approximately the same length 
each day, allows for a more accurate estimate of whether and how the use of the ISA system 
affects travel times, than would examining all trips taken during the trial.  

Mean travel time was defined as the time taken to complete each trip, including times when the 
car is stationary, averaged over each driving period. Mean travel time per commuter trip was 
compared across the ISA alone, FDW alone and ISA and FDW combined Before, During and 
After driving periods. As with the other analyses conducted, for the control drivers, the data 
used for the Before, During and After periods were those segments of the Control 2 period that 
corresponded to the treatment drivers’ Before, During and After periods (i.e., the controls’ 
Before ISA data corresponds to the period where the treatment drivers were in the Before ISA 
period). The treatment and control drivers’ mean travel time per trip across all speed zones 
travelled in for the ISA, FDW and ISA and FDW combined driving periods is displayed in 
Table 6.17. 

 

Table 6.17. Mean (SD) travel time per trip in the ISA alone, FDW alone and ISA and FDW 
combined driving periods for the treatment and control drivers for all speed zones. 

Period   All speed zones (mins) 
Before ISA1 Treatment 25.09 (11.65) 
 Control 25.99 (14.18) 
During ISA Treatment 24.29 (12.40) 
 Control 23.58 (9.70) 
After ISA Treatment 26.19 (16.31) 
 Control 24.43 (13.72) 
Before ISA&FDW1 Treatment 21.73 (9.11) 
 Control 25.99 (14.18) 
During ISA&FDW Treatment 22.66 (9.39) 
 Control 23.58 (9.70) 
After ISA&FDW Treatment 21.28 (6.45)  
 Control 24.43 (13.72) 
Before FDW2 Treatment 19.33 (5.58) 
 Control 25.99 (14.18) 
During FDW Treatment 19.04 (5.96) 
 Control 23.58 (9.70) 
After FDW Treatment 24.41 (11.96)  
 Control 24.43 (13.72) 

        Note: 1 n=13, 2 n=14 
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Mean travel time was first examined within the treatment drivers trial. A series of four planned 
comparisons were conducted in order to examine any differences in mean travel time across the 
Before and During periods, the During and After periods, the Before and After periods and 
across the four 750 kilometre segments of the During periods. The data for several drivers, two 
for the ISA alone, two for the ISA and FDW combined, and one for the FDW alone periods, 
were excluded from the analyses as these drivers had data missing for the During and After 
driving periods. For all speed zones examined, no significant differences in mean commuter 
trip time were found across the ISA alone, FDW alone or ISA and FDW combined driving 
periods (Before, During or After) or across the four 750 km segments of the During periods.   

Mean travel time per commuter trip in each ISA alone, FDW alone and ISA and FDW 
combined driving period was also compared across the treatment and control groups. The 
control drivers’ mean travel time per trip in each of the ISA, FDW and ISA and FDW 
combined driving periods is also displayed in Table 6.17 for all speed zones.  

A series of 3-way mixed ANOVAs was performed to compare the treatment and control 
drivers’ mean travel time per trip across the trial. The independent variables examined in the 
analyses included group (treatment versus control), driving period (Before, During and After) 
and treatment order (During 1, 2 and 3), which corresponded to the During period in which the 
treatment drivers received the ISA alone, FDW alone and ISA and FDW combined periods. As 
with mean speed, the control drivers’ travel time data were matched to each treatment order. 
No significant differences in mean travel time per commuter trip were found across driving 
periods, groups or treatment orders for any of the five speed zones examined (50, 60, 70, 80 
and 100 km/h).  

 

6.2.8 Risky Driving Episodes 

The mean number and duration of risky driving episodes experienced by drivers in each driving 
period was examined across the treatment and control drivers to determine if the use of the ISA 
system reduced the number and duration of the episodes experienced. A risky driving episode 
was defined as any segment of driving where the driver was exceeding the speed limit by 5 
km/h or more and they were following the vehicle ahead at a time headway of 1.1 seconds or 
less. The number and duration of risky driving episodes was compared across the ISA alone, 
FDW alone and ISA and FDW combined Before, During and After driving periods. As with the 
other analyses conducted, for the control drivers, the data used for the Before, During and After 
periods were those segments of the Control 2 period that corresponded to the treatment drivers 
Before, During and After periods. The mean number and duration of risky driving episodes 
experienced by the treatment and control drivers’ in the ISA alone, FDW alone and ISA and 
FDW combined driving periods is displayed in Table 6.18. 
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Table 6.18. Mean (SD) number and duration of risky driving episodes in the ISA alone, FDW 
alone and ISA and FDW combined driving periods for the treatment and control drivers. 

Driving Period Speed Zone Group No. of Episodes Duration of Episodes 
Before ISA 50 Treatment

Control
2.92 (3.63) 
7.87 (3.18) 

1.19 (1.35) 
2.10 (0.59) 

 60 Treatment
Control

5.31 (7.55) 
14.62 (8.87) 

2.44 (1.49) 
3.06 (1.34) 

 70 Treatment
Control

2.92 (6.42) 
3.12 (2.29) 

2.87 (3.19) 
 2.30 (2.08) 

 80 Treatment
Control

2.07 (2.17) 
2.62 (2.55) 

1.78 (1.45) 
4.03 (2.86) 

 100 Treatment
Control

9.61 (21.10) 
6.37 (5.06) 

2.53 (2.90) 
3.07 (2.30) 

During ISA 50 Treatment
Control

2.38 (3.66) 
9.37 (9.00) 

1.32 (1.28) 
2.65 (0.97) 

 60 Treatment
Control

3.46 (6.74) 
28.37 (25.90) 

1.60 (1.46) 
2.97 (0.76) 

 70 Treatment
Control

2.00 (3.85) 
4.87 (2.79) 

0.85 (1.10) 
3.01 (2.03) 

 80 Treatment
Control

2.61 (3.47) 
6.00 (4.34) 

2.89 (3.00) 
3.01 (1.19) 

 100 Treatment
Control

7.23 (16.24) 
18.12 (25.84) 

1.15 (1.75) 
2.95 (1.83) 

After ISA 50 Treatment
Control

1.00 (1.87) 
4.62 (4.27) 

0.93 (1.45) 
1.70 (0.88) 

 
60 Treatment

Control
1.92 (3.20) 

 9.12 (10.10) 
1.23 (1.43) 
4.19 (1.32) 

 
70 Treatment

Control
1.07 (1.89) 
3.12 (2.58) 

0.61 (0.83) 
2.19 (0.89) 

 
80 Treatment

Control
1.76 (3.05) 
2.75 (2.81) 

1.81 (2.62) 
3.24 (2.35) 

 
100 Treatment

Control
2.46 (5.68) 
6.62 (5.73) 

0.87 (1.42) 
2.85 (1.81) 

Before ISA & 
FDW 

50 Treatment
Control

2.38 (4.66) 
7.87 (3.18) 

1.29 (1.27) 
2.10 (0.59)  

 
60 Treatment

Control
6.15 (7.38) 

14.62 (8.87) 
1.90 (2.16) 
3.06 (1.34)  

 
70 Treatment

Control
2.54 (2.96) 
3.13 (2.29) 

1.54 (1.77) 
2.31 (2.08)  

 
80 Treatment

Control
2.38 (2.50) 
2.63 (2.56) 

2.76 (2.30) 
4.03 (2.86)  

 
100 Treatment

Control
5.46 (12.09) 
6.38 (5.07) 

1.87 (2.01) 
3.07 (2.31)  

During ISA & 
FDW 

50 Treatment
Control

1.38 (1.61) 
9.38 (9.01) 

1.34 (1.09) 
2.65 (0.97)  

 
60 Treatment

Control
5.31 (7.77) 

28.38 (25.91) 
1.46 (1.42) 
2.98 (0.76)  

 
70 Treatment

Control
1.38 (1.93) 
4.88 (2.80) 

1.13 (1.16) 
3.02 (2.04) 

 
80 Treatment

Control
3.38 (6.17) 
6.00 (4.34) 

1.64 (2.49) 
3.02 (1.19)  

 
100 Treatment

Control
2.77 (5.31) 

18.13 (25.85) 
1.21 (1.80) 
2.95 (1.83)  
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Table 6.18. Continued 

Driving Period Speed Zone Group No. of Episodes Duration of Episodes 
After ISA & FDW 50 Treatment

Control
2.23 (3.85) 
4.63 (4.27) 

1.17 (1.55) 
1.71 (0.88)  

 
60 Treatment

Control
3.15 (5.94) 

9.13 (10.11) 
1.21 (1.38) 
4.20 (1.32) 

 
70 Treatment

Control
2.00 (6.62) 
3.13 (2.58) 

0.48 (0.95) 
2.19 (0.89) 

  
80 Treatment

Control
1.00 (1.91) 
2.75 (2.82) 

0.94 (1.55) 
3.24 (2.35) 

  
100 Treatment

Control
2.46 (6.86) 
6.63 (5.73) 

1.21 (1.82) 
2.86 (1.81) 

Before FDW 50 Treatment
Control

3.78 (5.08) 
7.87 (3.18) 

1.43 (1.18) 
2.10 (0.59) 

 
60 Treatment

Control
7.21 (12.36) 
14.62 (8.87) 

1.71 (1.50) 
3.06 (1.34) 

 
70 Treatment

Control
2.14 (3.71) 
3.12 (2.29) 

0.95 (1.43) 
2.30 (2.08) 

 
80 Treatment

Control
3.00 (4.07) 
2.63 (2.55) 

1.81 (1.89) 
3.01 (1.19) 

 
100 Treatment

Control
3.00 (4.43) 
6.37 (5.07) 

1.67 (1.72) 
3.07 (2.30) 

During FDW 50 Treatment
Control

1.28 (2.19) 
9.37 (9.00) 

0.98 (1.15) 
2.65 (0.97) 

 
60 Treatment

Control
5.85 (6.28) 

28.37 (25.91) 
1.57 (0.86) 
2.97 (0.76) 

 
70 Treatment

Control
1.92 (2.89) 
4.87 (2.79) 

1.57 (2.19) 
3.01 (2.03) 

 
80 Treatment

Control
4.00 (5.54) 
6.00 (4.34) 

2.05 (1.57) 
3.01 (1.19) 

 
100 Treatment

Control
6.85 (9.55) 

18.12 (25.85) 
2.61 (1.92) 
2.95 (1.83) 

After FDW 50 Treatment
Control

2.78 (4.62) 
4.62 (4.27) 

1.29 (1.09) 
1.71 (0.88) 

 
60 Treatment

Control
5.78 (6.93) 

9.12 (10.10) 
2.48 (2.02) 
4.19 (1.32) 

 
70 Treatment

Control
2.64 (2.76) 
3.12 (2.58) 

2.13 (2.37) 
2.19 (0.89) 

  
80 Treatment

Control
2.07 (2.55) 
2.75 (2.81) 

1.94 (1.90) 
3.24 (2.35) 

  
100 Treatment

Control
11.00 (21.91) 

6.62 (5.73) 
2.58 (1.92) 
2.85 (1.81) 

 

A series of 2-way mixed ANOVAs was performed to compare the treatment and control 
drivers’ number and duration of risky driving episodes across the trial. The independent 
variables examined in the analyses included group (treatment versus control) and driving period 
(Before, During and After). As with other analyses, the control drivers’ risky driving data were 
matched to each treatment order.  

The mean number of risky driving episodes received by the treatment and control drivers in 
each driving period was examined first. For the driving periods when the ISA alone system was 
active the results revealed a significant driving period by group interaction in 60 km/h zones (F 



TAC SAFECAR PROJECT: FINAL REPORT 111 

(2,38) = 6.95, p = .003), whereby the number of risky driving episodes did not differ across the 
treatment drivers’ trial, but the control drivers engaged in a significantly greater number of 
risky driving episodes in the equivalent During ISA period than they did in the equivalent After 
ISA period (p = .018). A significant main effect for period was also revealed for the 50 km/h (F 
(2,38) = 5.26, p = .010) and 80 km/h (F (2,38) = 3.68, p = .034) zones, whereby drivers engaged in 
a greater number of risky driving episodes in the During ISA and (for 50 km/h only) Before 
ISA periods than they did in the After ISA period (p < .005). 

When the mean number of risky driving episodes was examined for the ISA and FDW 
combined periods, a significant driving period by group interaction was revealed for the 60 
km/h speed zones (F (2,38) = 6.31, p = .004). Specifically, while the number of risky driving 
episodes did not differ across the treatment drivers’ trial, the control drivers engaged in a 
significantly greater number of risky driving episodes in the equivalent During ISA and FDW 
period than they did in the equivalent After ISA and FDW (p = .018) period. A significant main 
effect for period was revealed for 80 km/h (F (2,38) = 4.38, p = .019) zones, whereby drivers 
engaged in a greater number of risky driving episodes in the During ISA than they did in the 
After ISA and FDW period (p = .005). A significant main effect for group was also revealed for 
50 km/h (F (1,19) = 11.79, p = .003) zones, whereby the control drivers engaged in a greater 
number of risky driving episodes than did the treatment drivers. 

When the mean number of risky driving episodes was examined for the FDW alone driving 
periods, a significant driving period by group interaction was revealed for the 50 km/h zones (F 
(2,40) = 5.02, p = .011) and 60 km/h zones (F (2,40) = 7.82, p = .001). In 50 km/h zones, while the 
number of risky driving episodes did not differ across the control drivers’ trial, the treatment 
drivers engaged in significantly fewer risky driving episodes in the During FDW period than 
they did in the Before FDW (p = .025) period. For 60 km/h zones, however, the number of risky 
driving episodes did not differ across the treatment drivers’ trial, but the control drivers 
engaged in a significantly greater number of risky driving episodes in the equivalent During 
FDW period than they did in the equivalent After FDW (p = .018) period. No differences in the 
number of risky driving episodes engaged in were found in the 70, 80 or 100 km/h zones. 

The mean duration of the risky driving episodes was also examined. For the driving periods 
when the ISA system alone was active the results revealed a significant driving period by group 
interaction for 60 km/h zones (F (2,38) = 7.87, p = .001), whereby the mean duration of risky 
driving episodes did not differ across the control drivers’ trial, but for the treatment drivers, the 
mean duration of the risky driving episodes in the equivalent Before ISA period was greater 
than it was in the equivalent After ISA (p = .012) period. No significant differences in the mean 
duration of risky driving episodes were found between driving periods for the 50, 70, 80 and 
100 km/h zones. 

When the mean duration of the risky driving episodes were examined for the ISA and FDW 
combined periods, the results revealed a significant main effect of group for the 50 km/h zones 
(F (1,19) = 6.65, p = .018), 60 km/h zones (F (1,19) = 13.35, p = .002) and 70 km/h zones (F (1,19) 
= 10.87, p = .004), whereby the mean duration of the risky driving episodes were significantly 
shorter for the treatment drivers than for the control drivers. No significant differences in the 
mean duration of the risky driving episodes were found between driving periods for the 80 and 
100 km/h zones. 

For the driving periods when the FDW system alone was active the results revealed a 
significant main effect of group in 50 km/h zones (F (1,20) = 8.48, p = .009), whereby the mean 
duration of the risky driving episodes was significantly shorter for the treatment drivers than for 
the control drivers. A significant main effect for period was revealed for 60 km/h zones (F 
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(2,40) = 7.22, p = .002), whereby the mean duration of the risky driving episodes was 
significantly longer in the After FDW period than in the Before (p = .011) or During (p = .003) 
FDW periods. 
 

6.2.9 Proportion of Time and Distance Spent in Each Speed Zone 

The percentage of time and distance within each driving period that was spent in each speed 
zone (50, 60, 70, 80 and 100 km/h) was examined for the treatment control drivers. These 
analyses aimed to establish how much exposure to each speed zone the drivers received during 
the various driving periods and determine whether this exposure differed across periods. The 
treatment data are presented in the form of the ISA alone, FDW alone and ISA & FDW 
combined driving periods. The control data are presented for the Control 1 period and the 
Control 2-1, Control 2-2 and Control 2-3 periods. Tables 6.19 and 6.20 display the percentage 
of time and distance in each driving period that was spent in each of the five speed zones (50, 
60, 70, 80 and 100 km/h) for the treatment and control drivers, respectively. 

As displayed, the treatment drivers spent the greatest proportion of their driving time and 
distance in each driving period in 100 km/h zones. More specifically, the drivers spent over one 
third to half of their driving time and distance in each driving period in 100 km/h zones. The 60 
km/h and 80 km/h zones were the next most frequently travelled in zones, with drivers 
spending between 15 percent and 29 percent of their driving time and distance in each period in 
these speed zones. Drivers spent around 13 percent of their driving time and 8 percent distance 
across the driving periods in the 50 km/h zones. Finally, 70 km/h zones were the least travelled 
in speed zones, with drivers only spending 10 to 12 percent of their driving time and distance in 
this zone. 

The control drivers spent the greatest proportion of their driving time in 60 km/h zones, where 
they spent almost one third to half of their driving time. This was followed by the 80 and 100 
km/h zones, with drivers spending about 20 percent of their driving time in each zone. The 
control drivers spent a similar amount of their driving time in the 50 and 70 km/h zones 
(approximately 14 to 15 percent in each). However, the control drivers spent the greatest 
percentage of their driving distance in the 70 km/h speed zones, where they spent 
approximately one quarter of their driving distance, followed by the 100 km/h zones, where 
they spent about 20 percent of their driving distance. The drivers spent a similar proportion of 
driving distance in the 50, 60 and 80 km/h zones, with drivers spending between 17 and 19 
percent of their driving distance in each zone.  
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Table 6.19. Percentage of time spent and distance travelled in each speed zone in the ISA alone 
and ISA and FDW combined driving periods for the treatment drivers (n=13). 

Period Speed Zone % of Time % of Distance 
Before 1 50 14.08 8.23 

  60 29.39 22.65 
 70 12.18 10.66 

  80 19.85 20.05 
  100 27.00 38.42 

Before ISA 50 12.92 8.35 
  60 25.85 21.65 
 70 10.37 10.09 

  80 15.81 17.24 
  100 27.95 42.67 

During ISA 50 13.64 8.57 
  60 27.31 22.05 
 70 11.55 10.36 

  80 18.55 18.80 
  100 28.94 40.21 

After ISA 50 13.56 7.89 
  60 26.20 20.74 
 70 9.10 8.13 

  80 17.18 17.35 
  100 33.96 45.81 

Before ISA & FDW 50 15.16 9.27 
  60 26.22 21.32 
 70 11.56 10.83 

  80 20.24 20.86 
  100 26.82 37.72 

During ISA & FDW 50 14.21 8.89 
  60 27.52 22.31 
 70 12.51 11.70 

  80 19.50 20.17 
  100 26.26 36.24 

After ISA & FDW 50 16.13 10.24 
  60 27.11 22.27 
 70 12.22 11.68 

  80 20.28 20.97 
  100 24.26 34.84 

Before FDW 50 14.44 8.83 
  60 28.12 22.59 
 70 12.15 10.96 

  80 16.02 16.27 
  100 29.28 41.35 

During FDW 50 13.77 8.14 
  60 29.59 23.37 
 70 11.12 9.99 

  80 15.02 15.53 
  100 30.50 42.98 

After FDW 50 13.00 7.81 
  60 28.57 22.50 
 70 10.20 9.02 

  80 15.82 16.01 
  100 32.40 44.66 
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Table 6.20. Percentage of time and distance spent in each speed zone in the ISA alone and ISA 
and FDW combined driving periods for the control drivers. 

Period Speed Zone 
% of 
Time 

% of 
Distance 

Control (n=5)     
Control 1 50 13.88 20.62 

0-1500 60 29.52 17.14 
 70 15.49 23.67 

  80 20.47 17.32 
  100 20.65 21.26 

Control 2-1 50 14.14 19.41 
1500-3000 60 28.67 18.47 

 70 14.40 24.07 
  80 18.99 17.32 
  100 23.80 20.73 

Control2-2 50 14.21 19.61 
3000-6000 60 32.06 18.35 

 70 16.08 24.03 
  80 17.35 18.04 
  100 20.30 19.97 

Control2-3 50 13.33 18.75 
6000-7500 60 29.79 19.09 

 70 16.25 24.09 
  80 18.02 16.73 
  100 22.62 21.34 

Control 2-4 50 15.20 17.84 
7500-10500 60 29.09 20.11 

 70 15.85 24.17 
  80 19.30 16.82 
  100 20.56 21.06 

Control2-5 50 13.42 18.98 
10500-12000 60 30.81 18.82 

 70 16.33 24.65 
  80 19.06 17.33 
  100 20.38 20.21 

Control2-6 50 14.06 18.99 
12000-15000 60 30.47 18.98 

 70 15.43 24.03 
  80 19.34 17.61 
  100 20.70 20.39 

Control2-7 50 14.69 19.08 
15000-16500 60 28.84 18.80 

 70 14.44 22.65 
  80 20.26 18.89 
  100 21.77 20.58 
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6.3 FOLLOWING DISTANCE WARNING  

 
Before analysis, the following distance warning data were filtered so that only the following 
parameters were included in the analyses: 

• only 50, 60, 80 and 100 km/h roads; 

• for all analyses, except the analysis examining the percentage of time spent at various time 
headways, only observations where the SafeCar was less than or equal to 3 seconds time 
headway from the vehicle ahead (this ensured that the SafeCar was in following mode); 

• only observations where the SafeCar was travelling above 30 km/h; 

• unless otherwise stated, only observations where the windscreen wipers, indicators and 
brakes were not activated; and 

• Only observations where the FDW warnings were issued due to the SafeCar approaching a 
lead vehicle from behind. Any observations where FDW warnings were issued due to 
another vehicle cutting in front of the SafeCars suddenly were filtered out of the data. 

 

6.3.1 Mean Time Headway 

Mean Time Headway – Baseline Comparisons 

Mean time headway was first compared across the treatment and control drivers for the Before 
1 and 2 baseline periods and the three After driving periods in order to determine if there were 
any differences in mean time headways across these two groups during the periods when 
neither of the key ITS systems (ISA and/or FDW) were active. For the control drivers, the 
Before 1 period was equivalent to the Control 1 period and the Before 2 period was equivalent 
to the first 1,500 kilometres of the Control 2 period. The After 1, 2 and 3 driving data for the 
control drivers corresponded to those 1,500 kilometre segments of the Control 2 period in 
which the treatment drivers were in the three After periods (i.e., After 1 represents the trial 
period from when 6,000 kilometres have been accrued to when 7,500 kilometres have been 
accrued). The mean time headways during these periods are shown in Table 6.21.  

A series of eight 2-way mixed-model ANOVAs (two for each of the four speed zones: one 
comparing the Before 1 and 2 periods and one comparing the three After periods) were 
conducted to examine any differences in mean time headway across driving periods. The 
variables examined in the analyses were group (treatment versus control) and driving period. 
The results of these analyses revealed no significant differences in mean time headways 
between the treatment and control drivers for any of the speed zones examined, suggesting that 
the following behaviour of these two groups was comparable across the baseline periods.  

Mean time headway was also compared across the Before 1 and Before 2 periods to determine 
if activation of the SBR and RCW systems had an affect on drivers’ following behaviour. A 
series of t-tests was conducted, one for each of the four speed zones examined. The treatment 
and control drivers were examined as a whole, as up to this point, the trial for both groups had 
been identical. No significant differences in mean time headway were found across the Before 
1 and 2 periods in any of the speed zones examined. 
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Table 6.21. Mean (Standard Deviation) time headways across the Before 1 and 2 and the three 
After driving periods for the treatment (n = 15) and control (n = 8) drivers. 

Speed 
zone  

 Before 1 Before 2 After 1 After 2 After 3 

50 km/h Treatment  1.81 (0.23) 1.78 (0.26) 1.78 (0.18) 1.82 (0.22) 1.79 (0.19) 
 Control  1.70 (0.11) 1.65 (0.08) 1.67 (0.15) 1.65 (0.13) 1.61 (0.13) 
60 km/h Treatment  1.76 (0.23) 1.72 (0.21) 1.76 (0.22) 1.73 (0.21) 1.80 (0.21) 
 Control  1.63 (0.11) 1.60 (0.13) 1.60 (1.58) 1.59 (0.08) 1.58 (0.11) 
80 km/h Treatment  1.70 (0.25) 1.70 (0.27) 1.70 (0.25) 1.73 (0.21) 1.80 (0.21) 
 Control  1.56 (0.13)  1.50 (0.11)  1.48 (0.15)  1.51 (0.12)  1.54 (0.18)  
100 km/h Treatment  1.66 (0.24) 1.65 (0.27) 1.67 (0.27) 1.66 (0.23) 1.68 (0.31) 
 Control  1.53 (0.12)  1.46 (0.22)  1.51 (0.16)  1.55 (0.29)  1.51 (0.18)  

 
 
 
Mean Time Headway - Treatment Versus Control 

Mean time headway was examined across the treatment and control drivers’ trials in order to 
examine the effect of FDW, alone and in combination with the ISA system, on following 
behaviour before, during and after exposure. For the FDW alone and FDW and ISA combined 
periods, mean time headway was compared across the Before, During and After driving 
periods. For control drivers, the data used for the Before, During and After periods were those 
segments of the Control 2 period that corresponded to the treatment drivers’ Before, During 
and After periods. Mean time headway in the FDW alone and FDW and ISA combined driving 
periods is shown in Table 6.22 for each speed zone. As displayed, there was a trend for the 
treatment drivers’ mean time headway to increase in the During periods when the FDW system 
(alone or combined with the ISA) was active. There was also a trend for mean time headway to 
decrease again in the After periods when the systems were deactivated.  

 

Table 6.22. Mean (and SD) time headway across the FDW alone and FDW and ISA combined 
driving periods for the treatment and control drivers. 

Driving period  Group 50 km/h 60 km/h 80 km/h 100 km/h 
Before FDW1 Treatment 1.76 (0.23) 1.70 (0.20) 1.67 (0.27) 1.64 (0.28) 
 Control 1.65 (0.12) 1.60 (0.12) 1.50 (0.12) 1.51 (0.22) 
During FDW Treatment 1.84 (0.15) 1.78 (0.17) 1.77 (0.18) 1.75 (0.19) 
 Control 1.62 (0.11) 1.60 (0.11) 1.51 (0.11) 1.42 (0.11) 
After FDW Treatment 1.82 (0.18) 1.73 (0.22) 1.66 (0.26) 1.66 (0.27) 

 Control 1.65 (0.13) 1.59 (0.11) 1.51 (0.15) 1.52 (0.21) 
Before FDW&ISA2 Treatment 1.84 (0.22) 1.72 (0.20) 1.70 (0.28) 1.66 (0.24) 
 Control 1.65 (0.12) 1.60 (0.12) 1.50 (0.12) 1.50 (0.22) 
During FDW&ISA Treatment 1.86 (0.17) 1.81 (0.19) 1.77 (0.24) 1.79 (0.24) 

 Control 1.62 (0.11) 1.60 (0.11) 1.51 (0.12) 1.42 (0.11) 
After FDW&ISA Treatment 1.77 (0.18) 1.78 (0.22) 1.71 (0.28) 1.71 (0.27) 

 Control 1.65 (0.13) 1.59 (0.12) 1.51 (0.14) 1.52 (0.21) 
Note: 1 equals n=14, 2 equals n=13 

 



TAC SAFECAR PROJECT: FINAL REPORT 117 

A series of 3-way mixed model ANOVAs were conducted in order to examine any differences 
in the treatment and control drivers’ mean time headways across the Before, During and After 
periods. The independent variables examined included: group (treatment versus control), 
driving period (Before, During and After) and treatment order (During 1, 2 and 3). The data for 
three drivers, one for the FDW alone analyses and two for the FDW and ISA combined 
analyses, were excluded from the analyses as the drivers had missing data for these driving 
periods for all speed zones.  

For the FDW system alone, the results revealed a significant main effect for group in the 50 
km/h zones (F (1,30) = 12.79, p = .001), 60 km/h zones (F (1,30) = 8.69, p = .006) and 80 km/h 
zones (F (1,30) = 12.41, p = .001), whereby the treatments drivers drove at significantly higher 
time headways (up to 0.21 seconds) over the Before, During and After periods than did the 
control drivers. In addition, a main effect for driving period was revealed for the 80 km/h zones 
(F (2,60) = 3.77, p = .037), whereby drivers drove at greater time headways in the During period 
than they did in the Before (p = .007) period. Finally, a group by driving period interaction was 
revealed for the 100 km/h zones (F (4,60) = 3.58, p = .045), whereby the treatment drivers drove 
at greater time headways in the During period than they did in the Before (p = .015) or After (p 
= .012) periods. The control drivers’ mean time headway did not differ significantly across 
these periods.   

A similar pattern of results was revealed when the FDW and ISA systems combined were 
active. A significant main effect for group was found in the 50 km/h zones (F (1,28) = 19.48, p < 
.001), 60 km/h zones (F (1,28) = 15.32, p = .001) and 80 km/h zones (F (1,28) = 17.59, p < .001), 
whereby the treatments drivers drove at significantly higher time headways (up to 0.25 
seconds) over the Before, During and After periods than did the control drivers. In addition, a 
main effect for driving period was revealed for the 60 km/h zones (F (2,56) = 3.94, p = .025) and 
80 km/h zones (F (2,56) = 3.53, p = .043), whereby drivers drove at greater time headways in the 
During period than they did in the Before period (p < .05). Finally, a group by driving period 
interaction was revealed for the 100 km/h zones (F (4,56) = 3.84, p = .036). In the 100 km/h 
zones, the treatment drivers drove at greater time headways in the During period than they did 
in the Before (p = .012) or After (p = .028) periods. However the control drivers’ mean time 
headway did not differ significantly across these periods.   

 
Mean Time Headway – Age Comparisons 

A series of 3-way mixed ANOVAs were also conducted to assess the effect of driver age on 
mean time headway. This analysis was conducted for the FDW alone and FDW and ISA 
combined driving periods for both the treatment and control drivers. The independent variables 
examined included: group (treatment versus control), driving period (Before, During and After) 
and age (45 years and under versus over 45 years). The results revealed no significant 
differences in mean time headway across drivers of different ages for any of the driving periods 
or speed zones examined. 

 
Mean Time Headway – Driver Behaviour and Attitudes 

The effect of driver behaviour, attitudes towards ITS and attitudes to general driving behaviour 
on the effectiveness of the FDW system was examined in a series of 3-way mixed ANOVAs.  

Driver behaviour was assessed using the short version of the Driver Behaviour Questionnaire 
(DBQ), in which drivers are asked to rate, on a 6-point scale from 0 to 5, how often they 
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experience certain situations while driving (Åberg & Rimmö, 1998). The DBQ has four factors 
labelled: violations, mistakes, lapses due to inattention and lapses due to inexperience. 
Differences in the effectiveness of the FDW system in reducing mean time headway was 
examined across drivers who scored high or low on the four DBQ factors. Each of the four 
DBQ factors was analysed separately. The analyses were conducted for the FDW alone and 
FDW and ISA combined driving periods for both the treatment and control drivers. The 
independent variables examined included: group (treatment versus control), driving period 
(Before 1 versus rest of trial) and DBQ factor score (high versus low). For the DBQ factor 
score, groups were divided according to the group median into those who scored high (above 
median) and low (below median) on each factor.  

For the lapses due to inexperience factor, the results revealed that when the FDW system alone 
was active a significant driving period by inexperience interaction was revealed for the 50 km/h 
zones (F (2,64) = 3.82, p = .027) and 80 km/h zones (F (2,64) = 5.16, p = .008). Specifically, drivers 
who scored higher on the inexperience factor drove at significantly longer time headways in the 
During FDW period than they did in the Before FDW period (p < .05) or (for the 80 km/h zones 
only) the After FDW period (p = .020). Mean time headway did not differ across driving periods 
for drivers who scored low on lapses due to inexperience. No significant differences in mean 
time headway were found across the driving periods or across drivers who scored differently on 
the violations, mistakes and lapses due to inattention factors. 

The effect of driver attitudes towards ITS technologies and driving behaviours (e.g., speeding 
and tailgating) on mean time headway was also examined. Driver attitudes to ITS and safe 
driving behaviours were obtained from responses to the Interim Time 6 Questionnaire. The 
independent variables examined included: driving period (Before 1 versus rest of trial) and 
attitude towards ITS (positive versus negative) and attitudes towards certain driving behaviours 
(positive versus negative). Groups were divided according to the group median into those who 
had positive (above median) or negative (below median) attitudes towards ITS and safe driving 
behaviours. 

When the FDW system alone was active, results revealed a significant period by driving 
attitude interaction for 80 km/h zones (F (2,64) = 3.97, p = .024), whereby drivers who held 
negative attitudes towards safe driving behaviour drove at significantly greater time headways 
in the During period than they did in either of the Before or After periods. Mean time headway 
did not differ across driving periods for drivers who held positive attitudes towards safe driving 
behaviours. In addition, no significant differences in time headway were found across the ISA 
and FDW combined periods for drivers holding different attitudes towards safe driving 
behaviour.  

No significant differences in mean time headway were found across the driving periods or 
drivers who held different attitudes towards ITS.  

 
Mean Time Headway – Willingness to Keep FDW 

The effect on mean time headway of drivers’ willingness to keep FDW after the trial was 
examined in a series of 3-way mixed-model ANOVAs. Information regarding drivers’ 
willingness to keep the FDW system was obtained throughout the participants’ trial, however 
only the information provided in the Interim Time 6 Questionnaire at the end of the trial has 
been used in these analyses. The independent variables examined included: group (treatment 
versus control), driving period (Before 1 versus rest of trial) and willingness to keep FDW 
(interested versus disinterested). Groups were divided according to the group median into those 
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who were interested (above median) or not interested (below median) in keeping FDW. No 
significant differences in mean time headway were found between drivers who willing or 
unwilling to keep the FDW system across the driving periods. 

Mean Time Headway – Night versus Day 

Differences between mean time headway at night versus during the day were examined in a 
series of 3-way mixed ANOVAs. Again, these analyses were conducted for the FDW alone and 
FDW and ISA combined driving periods for both treatment and control drivers. The 
independent variables examined included: group (treatment versus control), period (Before, 
During and After) and time (night versus day). Night was defined as any occasion when the 
headlights were on full low- or high-beam brightness. Table 6.23 displays the mean time 
headway at night and during the day for the treatment and control drivers.  

Results for the FDW alone periods revealed a main effect of time in the 60 km/h zones (F (1,33) 
= 9.04, p = .005), 80 km/h zones (F (1,33) = 9.41, p = .004) and 100 km/h zones (F (1,33) = 24.58, p 
< .001), whereby mean time headway was significantly higher at night (by 0.14 secs) compared 
to during the day. No significant differences in time headway across time of day were found in 
50 km/h zones.  

Results for the FDW and ISA combined periods revealed a main effect of time in the 80 km/h 
zones (F (1,29) = 9.36, p = .005) and 100 km/h zones (F (1,25) = 17.67, p < .001), whereby mean 
time headway was significantly higher at night (by 0.10 secs) compared to during the day. No 
differences in time headway across time of day were found in 50 and 60 km/h zones.  

Table 6.23. Mean (SD) time headway at night and during the day across the FDW alone and 
FDW and ISA combined driving periods for the treatment (n=15) and control (n=8) drivers. 

Speed zone   50 km/h 60 km/h 80 km/h 100 km/h 
Treatment      
Before FDW Day  1.75 (0.24) 1.70 (0.20) 1.66 (0.27) 1.62 (0.28) 
 Night  1.79 (0.12) 1.70 (0.23) 1.63 (0.31) 1.69 (0.15) 
During FDW Day  1.84 (0.16) 1.78 (0.19) 1.77 (0.17) 1.74 (0.19) 
 Night  1.81 (0.17) 1.88 (0.23) 1.81 (0.20) 1.79 (0.20) 
After FDW Day  1.81 (0.18) 1.73 (0.22) 1.65 (0.27) 1.63 (0.26) 
 Night  1.87 (0.22) 1.74 (0.27) 1.71 (0.31) 1.78 (0.28) 
Before FDW&ISA Day  1.82 (0.21) 1.74 (0.22) 1.69 (0.28) 1.64 (0.23) 
 Night  1.90 (0.23) 1.70 (0.22) 1.77 (0.32) 1.79 (0.25) 
During FDW&ISA Day  1.86 (0.17) 1.81 (0.21) 1.77 (0.24) 1.78 (0.23) 
 Night  1.83 (0.26) 1.91 (0.23) 1.88 (0.26) 1.92 (0.35) 
After FDW&ISA Day  1.76 (0.19) 1.78 (0.22) 1.71 (0.28) 1.69 (0.28) 
 Night  1.89 (0.24) 1.75 (0.29) 1.91 (0.26) 1.79 (0.24) 
Control      
Before  Day  1.66 (0.12) 1.59 (0.10) 1.48 (0.15) 1.51 (0.23) 
 Night  1.66 (0.30) 1.65 (0.23) 1.63 (0.19) 1.63 (0.24) 
During  Day  1.62 (0.11) 1.59 (0.11) 1.49 (0.12) 1.43 (0.15) 
 Night  1.63 (0.14) 1.66 (0.13) 1.63 (0.18) 1.50 (0.21) 
After  Day  1.65 (0.13) 1.59 (0.11) 1.50 (0.16) 1.53 (0.22) 
 Night  1.69 (0.32) 1.64 (0.29) 1.64 (0.23) 1.61 (0.27) 
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6.3.2 Percentage of Driving Time in Time Headway Categories 

The percentage of total driving time spent at three time headway categories was examined 
across the FDW alone and FDW and ISA combined driving periods in a series of 3-way 
repeated-measures ANOVAs. The independent variables examined included: group (treatment 
versus control), driving period (Before, During and After) and time headway category. The 
three time headway categories examined were: from 0 seconds to when the level 6 (auditory) 
FDW warning was issued; from the level 5 (visual) warning to the level 1 (visual) FDW 
warning; and from just before the level 1 visual warning was issued to 2.5 seconds time 
headway. Due to a technical problem with the FDW system, the actual time headways at which 
the six FDW warning levels were issued differed with speed and, hence, were different across 
the four speed zones examined. For example, the level 6 auditory warning was originally 
designed to be issued at 1.1 seconds time headway. However, due to delays with the system 
issuing warnings to drivers and inaccuracies in the programmed parameters, the level 6 warning 
was actually issued at approximately 0.8 seconds time headway, depending on the speed zone. 
Table 6.24 displays the time headways that were included in each of the three categories for 
each of the four speed zones. Regardless, of the actual time headway, the first category 
represents time headways between 0 seconds and the onset of the level 6 warning, the second 
category represents time headways between the onset of the level 5 warning to the onset of the 
level 1 FDW warning, and the third category represents headways from just before the level 1 
visual warning was issued to approximately 2.5 seconds time headway. 

Table 6.24. Time headways included in each headway category for each speed zone. 

Speed Zone Time Headway Category Time Headway Thresholds (secs) 
50 1: 0 secs to level 6 warning 0 – 0.8 
 2: Level 5 to level 1 warning  > 0.8 – 1.6 
 3: Before level 1 warning to ≈ 2.5 > 1.6 – 2.4 
60 1: 0 secs to level 6 warning 0 – 0.8 
 2: Level 5 to level 1 warning  > 0.8 – 1.6 
 3: Before level 1 warning to ≈ 2.5 > 1.6 – 2.4 
80 1: 0 secs to level 6 warning 0 – 0.8 
 2: Level 5 to level 1 warning  > 0.8 – 1.7 
 3: Before level 1 warning to ≈ 2.5 > 1.7 – 2.5 
100 1: 0 secs to level 6 warning 0 – 0.8 
 2: Level 5 to level 1 warning  > 0.8 – 1.7 
 3: Before level 1 warning to ≈ 2.5 > 1.7 – 2.6 

 

 

Investigating these three time headway categories allowed for the examination of the effect of 
the auditory and visual FDW warnings on following behaviour, as well as the identification of 
any negative adaptation to the system, whereby drivers spend less time at headways between 
just before the start of the visual warnings up to approximately 2.5 seconds time headway. For 
the FDW alone and FDW and ISA combined periods, the percentage of time spent in the three 
time headway categories was compared across Before, During and After driving periods. These 
analyses were conducted for both the treatment and control drivers. The percentage of time the 
treatment and control drivers spent at each of the three time headway categories in the FDW 
alone and FDW and ISA combined driving periods is displayed in Table 6.25 for 50, 60, 80 and 
100 km/h zones. 
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The results for the FDW alone periods revealed a main effect of time headway category in the 
50 km/h zones (F (2,64) = 53.44, p < .001), 60 km/h zones (F (2,68) = 147.84, p < .001) 80 km/h 
zones (F (2,68) = 147.67, p < .001) and 100 km/h zones (F (2,68) = 125.83, p < .001), whereby, in 
all driving periods, the drivers spent a significantly greater proportion of their driving time in 
time headway category 2 (Level 5 to Level 1 warning) than in category 1 (0 secs to level 6 
warning) or category 3 (just before Level 1 to approx. 2.5 secs). Also, although not statistically 
significant, there was a trend for all drivers to spend less time at category 1 time headways 
(below 0.8 secs) in the During period than they did in the Before FDW period in all speed 
zones. 

The results for the FDW and ISA combined periods revealed a significant group by time 
headway interaction in 50 km/h zones (F (2,60) = 40.13, p = .030), 60 km/h zones (F (2,64) = 6.65, 
p = .002) and 80 km/h zones (F (2,64) = 8.64, p < .001). Both the treatment and control drivers 
spent significantly less time at time headway category 1 (0 secs to level 6 warning) than they 
did at category 2 (Level 5 to Level 1 warning) or category 3 (just before Level 1 to approx. 2.5 
secs). The control drivers, however, spent significantly less time at time headway category 3 
compared to category 2, whereas the amount of time spent at these two time headway 
categories did not differ significantly for the treatment drivers.  

For the FDW and ISA periods, a significant main effect of time headway category was also 
revealed in 100 km/h zones (F (2,64) = 110.90, p < .001), whereby, in all driving periods, the 
drivers spent a significantly greater proportion of their driving time in time headway category 2 
(Level 5 to Level 1 warning) than in category 1 (0 secs to level 6 warning) or category 3 (just 
before Level 1 to approx. 2.5 secs). 

 

Table 6.25. Percentage of driving time spent in each time headway category across the FDW 
alone and FDW and ISA combined driving periods for the treatment and control drivers. 

Driving Period  Headway category (secs) 50 km/h 60 km/h 80 km/h 100 km/h 
Treatment      
Before FDW 1: 0 secs – level 6 0.46 1.49 3.86 6.11 
 2: Level 5 – level 1  5.96 19.57 23.05 21.43 
 3: Before level 1 - ≈ 2.5 sec 4.64 13.84 15.06 12.38 
During FDW 1: 0 secs – level 6 0.16 0.46 1.19 1.87 
 2: Level 5 – level 1  5.91 18.17 22.61 21.04 
 3: Before level 1 - ≈ 2.5 sec 6.75 16.88 16.45 13.33 
After FDW 1: 0 secs – level 6 0.27 1.17 2.91 4.52 
 2: Level 5 – level 1  5.59 19.65 25.12 22.33 
 3: Before level 1 - ≈ 2.5 sec 6.36 15.87 15.47 11.75 
Before FDW&ISA 1: 0 secs – level 6 0.32 1.20 2.65 3.91 
 2: Level 5 – level 1  4.90 19.27 23.04 20.84 
 3: Before level 1 - ≈ 2.5 sec 5.98 15.08 15.27 11.38 
During FDW&ISA 1: 0 secs – level 6 0.15 0.53 1.63 2.07 
 2: Level 5 – level 1  4.61 15.91 20.70 17.98 
 3: Before level 1 - ≈ 2.5 sec 5.59 15.41 16.35 13.28 
After FDW&ISA 1: 0 secs – level 6 0.36 1.05 3.10 3.50 
 2: Level 5 – level 1  5.39 16.68 23.53 21.66 
 3: Before level 1 - ≈ 2.5 sec 5.25 15.26 16.86 13.63 
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Table 6.25. Continued 
Driving Period  Headway category (secs) 50 km/h 60 km/h 80 km/h 100 km/h 
Control      
Before  1: 0 secs – level 6 1.03 2.03 5.04 7.69 
 2: Level 5 – level 1  9.04 22.52 29.19 24.77 
 3: Before level 1 - ≈ 2.5 sec 6.78 12.87 12.26 10.45 
During  1: 0 secs – level 6 0.78 1.92 4.35 8.65 
 2: Level 5 – level 1  10.54 22.34 29.74 27.79 
 3: Before level 1 - ≈ 2.5 sec 6.59 12.99 12.48 10.15 
After  1: 0 secs – level 6 1.00 1.94 5.15 7.41 
 2: Level 5 – level 1  9.40 22.38 29.27 25.27 
 3: Before level 1 - ≈ 2.5 sec 6.98 12.73 12.57 10.59 

 
 

6.3.3 Standard Deviation of Time Headway 

The standard deviation of time headway was examined across the treatment and control 
drivers’ trials in order to examine any differences in the effects of the FDW system, alone and 
in combination with the ISA system, on time headway variability before, during and after 
exposure to the FDW system. For the FDW alone and FDW and ISA combined periods, the 
standard deviation of time headway was compared across the Before, During and After driving 
periods. For control drivers, the data used for the Before, During and After periods were those 
segments of the Control 2 period that corresponded to the treatment drivers’ Before, During 
and After periods. Table 6.26 displays the treatment drivers’ mean standard deviation of time 
headway in each speed zone for the FDW and FDW and ISA combined driving periods. As 
displayed, there was a trend for the treatment drivers’ standard deviation of time headway to 
decrease from Before levels in the During periods when the FDW system (alone or combined 
with the ISA) was active. There was also a trend for the standard deviation of time headway to 
increase again in the After periods when the systems were deactivated.  

 

Table 6.26. Mean standard deviation of time headway across the FDW alone and FDW and 
ISA combined driving periods for the treatment and control drivers. 

Driving period  Group 50 km/h 60 km/h 80 km/h 100 km/h 
Before FDW1 Treatment 0.54 (0.03) 0.54 (0.04) 0.57 (0.05) 0.63 (0.04) 
 Control 0.59 (0.06) 0.58 (0.05) 0.61 (0.04) 0.65 (0.08) 
During FDW Treatment 0.52 (0.04) 0.52 (0.04) 0.56 (0.04) 0.61 (0.03) 
 Control 0.56 (0.05) 0.58 (0.04) 0.60 (0.05) 0.65 (0.06) 
After FDW Treatment 0.53 (0.06) 0.52 (0.05) 0.56 (0.04) 0.62 (0.05) 

 Control 0.58 (0.06) 0.57 (0.05) 0.61 (0.04) 0.65 (0.09) 
Before FDW&ISA2 Treatment 0.55 (0.05) 0.54 (0.05) 0.57 (0.05) 0.61 (0.07) 
 Control 0.59 (0.06) 0.58 (0.05) 0.61 (0.04) 0.65 (0.08) 
During FDW&ISA Treatment 0.52 (0.06) 0.52 (0.04) 0.56 (0.05) 0.59 (0.05) 

 Control 0.56 (0.05) 0.58 (0.04) 0.60 (0.05) 0.65 (0.06) 
After FDW&ISA Treatment 0.52 (0.06) 0.53 (0.06) 0.55 (0.05) 0.59 (0.05) 

 Control 0.58 (0.06) 0.57 (0.05) 0.61 (0.04) 0.65 (0.09) 

Note: 1 equals n=14, 2 equals n=13 
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A series of 3-way mixed model ANOVAs were conducted in order to examine any differences 
in the treatment and control drivers’ mean standard deviation of time headway across the FDW 
alone and FDW and ISA combined driving periods. The independent variables examined 
included: group (treatment versus control), driving period (Before, During and After) and 
treatment order (During 1, 2 and 3). The data for three drivers, one for the FDW alone analyses 
and two for the FDW and ISA combined analyses, were excluded from the analyses as the 
drivers had missing data for these driving periods for all speed zones.  

For the FDW system alone, results revealed a significant main effect for group in the 50 km/h 
zones (F (1,30) = 10.56, p = .003), 60 km/h zones (F (1,30) = 10.34, p = .003) and 80 km/h zones (F 
(1,30) = 10.13, p = .003), whereby the control drivers displayed significantly greater time 
headway variability (up to 0.05 seconds) over the Before, During and After periods than did the 
treatment drivers. In addition, a main effect for driving period was revealed for 50 km/h zones 
(F (2,60) = 3.47, p = .037) and 60 km/h zones (F (2,60) = 4.45, p = .016). In 50 km/h zones, drivers 
displayed greater time headway variability in the Before period than they did in the During 
period (p = .007). In 60 km/h zones, drivers displayed greater time headway variability in the 
Before period than they did in the After period (p = .008).  

A similar pattern of results was revealed for the FDW and ISA systems. A significant main 
effect for group was found in the 50 km/h zones (F (1,28) = 12.52, p = .001), 60 km/h zones (F 
(1,28) = 12.06, p = .002), 80 km/h zones (F (1,28) = 10.23, p = .003) and 100 km/h zones (F (1,28) = 
7.39, p = .011), whereby the control drivers displayed significantly greater time headway 
variability (up to 0.06 seconds) over the Before, During and After periods than did the 
treatment drivers. In addition, a significant main effect for driving period was revealed for the 
50 km/h zones (F (2,56) = 4.44, p = .016), whereby drivers had greater time headway variability 
in the Before period than they did in the During period (p = .006). 

 

6.3.4 Average Minimum Time Headway Reached per Trip 

The average minimum time headway reached per trip was examined for each driving period to 
determine if the presence of the FDW system warnings increased the minimum headway 
drivers reached each trip. A series of 2-way mixed ANOVAs were conducted in order to 
examine any differences in the average minimum time headway reached across treatment and 
control drivers and across the FDW alone and FDW and ISA combined Before, During and 
After periods. These analyses were performed twice, once without braking episodes included 
and once with braking episodes included in order to examine if including the braking episodes 
produced different results. 

The average minimum time headway reached per trip when braking episodes were and were 
not included is displayed in Table 6.27 for each driving period for the treatment and control 
drivers. As shown, the drivers tended to reach a lower average minimum time headway per trip 
in the higher speed zones than they did in the lower speed zones. There was also a trend for the 
treatment drivers’ minimum time headway to be higher in the During periods when the FDW 
system (alone or in combination with ISA) was active compared to the Before periods.  
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Table 6.27. Average minimum time headway reached in the FDW alone and FDW and ISA 
combined driving periods for the treatment and control drivers when braking episodes were 
included and not included. 

Speed zone   50 km/h 60 km/h 80 km/h 100 km/h 
Treatment      
Before FDW No brakes 1.26 (0.19) 1.02 (0.19) 0.93 (0.27) 0.58 (0.23) 
 Brakes 1.46 (0.25)  1.19 (0.28) 1.14 (0.26) 1.13 (0.31) 
During FDW No brakes 1.39 (0.21) 1.05 (0.19) 0.96 (0.26) 0.66 (0.21) 
 Brakes 1.53 (0.21)  1.19 (0.19) 1.17 (0.26) 1.09 (0.25) 
After FDW No brakes 1.41 (0.30) 1.06 (0.25) 0.89 (0.22) 0.58 (0.19) 
 Brakes 1.58 (0.31) 1.20 (0.23) 1.15 (0.29) 1.09 (0.25) 
Before FDW&ISA No brakes 1.37 (0.31) 1.07 (0.25) 1.01 (0.23) 0.74 (0.25) 
 Brakes 1.59 (0.26) 1.20 (0.23) 1.20 (0.28) 1.13 (0.25) 
During FDW&ISA No brakes 1.40 (0.19) 1.08 (0.21) 1.01 (0.19) 0.69 (0.24) 
 Brakes 1.58 (0.22) 1.25 (0.19) 1.24 (0.23) 1.18 (0.28) 
After FDW&ISA No brakes 1.31 (0.18) 1.09 (0.24) 0.96 (0.30) 0.65 (0.31) 
 Brakes 1.51 (0.21) 1.26 (0.24) 1.15 (0.25) 1.17 (0.28) 
Control      
Before  No brakes 1.26 (0.20) 0.93 (0.11) 0.85 (0.24) 0.65 (0.33) 
 Brakes 1.46 (0.06) 1.14 (0.14) 1.04 (0.19) 1.13 (0.44) 
During  No brakes 1.27 (0.14) 0.89 (0.15) 0.88 (0.21) 0.58 (0.21) 
 Brakes 1.41 (0.23) 1.09 (0.19) 1.08 (0.22) 0.97 (0.20) 
After  No brakes 1.32 (0.13) 0.94 (0.14) 0.93 (0.33) 0.69 (0.28) 
 Brakes 1.37 (0.19) 1.09 (0.19) 1.01 (0.27) 1.00 (0.34) 

Note: During ISA – 1 equals the first 750 km segment of the During FDW period, During FDW – 2 equals the second 
During FDW period etc. 
 

 

When the FDW system alone was active and braking episodes were not included, the average 
minimum time headway reached per trip did not differ significantly across the FDW driving 
periods for any of the speed zones examined. However, when the FDW alone periods were 
examined with braking episodes included, the results revealed a driving period by group 
interaction in 50 km/h zones (F (2,36) = 4.83, p = .014), whereby the treatment drivers’ minimum 
time headway was higher in the After FDW period than it was in the Before FDW period (p = 
.009). Minimum time headway did not, however, differ across the control drivers’ driving 
periods. Interestingly, minimum time headway did not differ significantly in the During FDW 
period from either the Before or After FDW levels. Minimum time headway per trip also did 
not differ significantly across the FDW alone (braking included) driving periods in the 60, 80 
or 100 km/h zones.  

When both the FDW and ISA systems were active and braking episodes were not included, the 
average minimum time headway reached per trip did not differ significantly across the FDW 
driving periods for any of the speed zones examined. However, when the FDW and ISA 
combined periods were examined with braking episodes included, the results revealed a 
significant main effect for driving period in the 50 km/h zones (F (2,32) = 4.16, p = .025), 
whereby minimum time headway was lower in the After FDW and ISA period than it was in 
the Before FDW and ISA period (p = .014). Interestingly, minimum time headway again did not 
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differ significantly in the During FDW period from either the Before or After FDW levels. No 
significant differences in the minimum time headway achieved per trip were found across the 
FDW and ISA combined driving periods (braking included) for the 60, 80 and 100 km/h zones. 

6.3.5 Number and Duration of FDW Auditory Warnings 

The mean number and duration of FDW level 6 (auditory) warnings experienced by the 
treatment drivers was examined across each driving period to determine if the use of the FDW 
system reduced the number and duration of the level 6 warnings experienced. The number and 
duration of level 6 warnings received was compared across the FDW alone and FDW and ISA 
combined Before, During and After driving periods. The mean number and duration of level 6 
FDW warnings received by treatment drivers’ in the FDW alone and FDW and ISA combined 
driving periods is displayed in Table 6.28. 

A series of 3 planned comparisons was performed to examine differences in the number and 
duration of level 6 FDW warnings received by the treatment drivers across the Before and 
During periods, the During and After periods and the Before and After periods. The results 
revealed that there were no significant differences in the mean number and duration of FDW 
level 6 warnings received by treatment drivers across the Before, During and After periods. 

 

Table 6.28. Mean (SD) number and duration of level 6 FDW warnings received in the FDW 
alone and FDW and ISA combined driving periods for the treatment drivers. 

Driving Period Speed Zone No. of warnings Duration of warnings (secs) 
Before FDW 50 9.75 (9.75) 1.78 (0.95) 

 60 59.92 (66.91) 2.89 (0.87) 
 80 35.46 (37.58) 3.69 (1.22) 
 100 97.31 (113.67) 3.84 (1.43) 

During FDW 50 11.00 (10.63)  1.84 (0.98) 
 60 53.92 (74.12) 2.74 (1.16) 
 80 40.42 (35.32) 2.98 (1.26) 
 100 93.77 (74.19) 3.90 (1.39) 

After FDW 50 7.75 (8.05) 1.73 (1.14) 
 60 57.00 (81.79) 3.09 (1.35) 
 80 33.15 (33.53) 4.17 (1.99) 
 100 90.71 (94.74) 4.22 (1.48) 

Before FDW & ISA 50 5.20 (4.18) 1.72 (0.84) 
 60 46.58 (73.21) 2.30 (1.09) 
 80 29.25 (35.88) 3.48 (1.48) 
 100 48.08 (39.69) 3.70 (1.72) 

During FDW & ISA  50 8.70 (11.18) 1.52 (0.55) 
 60 44.64 (89.57) 2.81 (1.71) 
 80 30.00 (30.08) 2.90 (1.47) 
 100 52.57 (63.36) 3.99 (1.32) 

After FDW & ISA  50 4.91 (5.97) 1.85 (1.46) 
 60 36.23 (60.66) 2.80 (1.23) 
 80 26.75 (20.48) 3.36 (1.11) 
 100 53.00 (44.71) 4.21 (1.91) 
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6.4 SEAT BELT REMINDER SYSTEM  

Before analysis, the seat belt data were filtered to include only the following parameters: 

• The data analysed was derived from all road types and speed zones travelled in (i.e., not 
just 50, 60, 70, 80 and 100 km/h zones); and 

• all observations pertaining to situations where the SafeCar was travelling at more than 10 
km/h in order to eliminate observations where occupants were unbuckled while the SafeCar 
was reversing or stationary.  

In addition to the above filtering criteria, data for two drivers, one treatment and one control, 
were deleted for all SBR analyses, as these two drivers experienced technical problems with 
their SBR system early in their trial, whereby the SBR system was constantly issuing warnings 
even when there was no weight on the seats.  

6.4.1 Percentage of Trips Taken While Unbuckled 

The percentage of trips that were undertaken where a seatbelt was unbuckled for any part of the 
trip was compared across the driving periods to examine if the use of the SBR system improved 
seatbelt-wearing habits. A series of three planned comparisons were conducted in order to 
examine any differences in percentage of trips taken while unbuckled across the Before 1 and 
Before 2 periods, the Before 1 period and the rest of the trial periods combined, and the Before 
1 and After 3 periods. These comparisons were conducted for the treatment and control drivers 
as a whole, given that both groups of drivers were exposed to the SBR system for the same 
number of kilometres (15,000 kms) and for the same driving periods. As with the ISA and 
FDW analyses, for the control drivers, the data used for the After 3 period was the segment of 
the trial that corresponded to the treatment drivers’ After 3 period. 

The second column of Table 6.29 displays the percentage of trips that were undertaken in each 
driving period, where a seatbelt was unbuckled for any part of the trip for the treatment and 
control drivers combined. As displayed, the percentage of trips taken where a seatbelt was 
unbuckled reduced substantially in the Before 2 period when the SBR system was first 
activated and then remained fairly constant over the duration of the trial.  

Results of the three planned comparisons revealed that the percentage of trips taken where a 
seatbelt was unbuckled decreased significantly (by 48 percent) from Before 1 levels in the 
Before 2 period when the SBR system was first active (t (20) = 4.14, p = .001) and this reduction 
was maintained for the remainder of the trial (t (20) = 3.05, p = .006). Furthermore, although 
there was a trend for the percentage of unbuckled trips to increase slightly again over the 
duration of the trial, the percentage of unbuckled trips undertaken was still significantly lower 
at the end of the trial in the After 3 period, than it was in the Before 1 period (t (15) = 2.22, p = 
.042).  
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Table 6.29. Percentage of trips and driving distance spent unbuckled and mean time taken to 
buckle for each driving period for all drivers (n=21). 

Driving Period  % of trips % of driving 
distance 

Mean Time to 
Buckle (secs) 

Before 1 31.88% 4.98% 29.71 (36.50) 
Before 2 16.63% 0.12% 7.01 (3.55) 
During 1 18.15% 0.21% 7.97 (8.37) 
After 1 19.01% 0.19% 5.29 (3.28) 
During 2 22.54% 0.43% 7.19 (4.35) 
After 2 18.75% 0.12% 8.83 (8.55) 
During 3 20.82% 0.14% 6.41 (3.48) 
After 3 19.84% 0.09% 6.87 (4.42) 

 
 

6.4.2 Percentage of Total Driving Distance Spent Unbuckled 

The percentage of total driving distance that was driven while an occupant was unbuckled was 
also compared across the driving periods to examine if the use of the SBR system improved 
seatbelt-wearing habits. A series of three planned comparisons were conducted in order to 
examine any differences in percentage of driving distance driven while unbuckled across the 
Before 1 and Before 2 periods, the Before 1 period and the rest of the trial periods combined, 
and the Before 1 and After 3 periods. These comparisons were conducted for the treatment and 
control drivers as a whole, given that both groups of drivers were exposed to the SBR system 
for the same number of kilometres (15,000 kms) and for the same driving periods. As with the 
ISA analyses the data used for the control drivers’ Before, During and After periods were those 
segments of the trial that corresponded to the treatment drivers’ Before, During and After 
periods. 

The third column of Table 6.29 displays, for the treatment and control drivers combined, the 
percentage of total driving distance driven in each driving period, where a seatbelt was 
unbuckled. As displayed, the percentage of driving distance where a SafeCar occupant was 
unbuckled reduced substantially in the Before 2 period when the SBR system was first engaged 
and remained low for the rest of the trial.  

Results revealed that the percentage of driving distance spent with a seatbelt unbuckled 
decreased significantly (by 96 percent) from Before 1 levels in the Before 2 period when the 
SBR system was first active (t (20) = 2.72, p = .013) and this reduction was maintained for the 
remainder of the trial (t (20) = 2.75, p = .012). Furthermore, although there was a trend for the 
percentage of driving distance spent unbuckled to increase slightly again over the duration of 
the trial, this percentage was still significantly lower at the end of the trial in the After 3 period, 
than it was in the Before 1 period (t (20) = 2.69, p = .014). 

6.4.3 Percentage of Total Driving Distance Spent Unbuckled – Driver Characteristics 

Driver Age  

A 2-way mixed ANOVA was also conducted to assess the effect of driver age on the proportion 
of total driving distance spent unbuckled. The independent variables examined included: 
driving period (Before 1 versus the rest of the trial) and age (45 years and under versus over 45 
years). The results revealed no significant differences in the percentage of driving distance 
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spent unbuckled in the different trial periods across drivers of different ages (F (1,19) = 0.26, p = 
.615). 

Driver Behaviour and Attitudes 

The effect of driver behaviour, attitudes towards ITS and attitudes to general driving 
behaviours on the effectiveness of the SBR system was examined in a series of 2-way mixed 
ANOVAs.  

Driver behaviour/driving style was assessed using the short version of the Driver Behaviour 
Questionnaire (DBQ), in which drivers are asked to rate, on a 6-point scale from 0 to 5, how 
often they experience certain situations while driving (Åberg & Rimmö, 1998). The DBQ has 
four factors labelled: violations, mistakes, lapses due to inattention and lapses due to 
inexperience. Differences in the effectiveness of the SBR system in reducing the proportion of 
driving distance spent unbuckled were examined across drivers who scored high or low on the 
four DBQ factors. Each of the four DBQ factors was analysed separately. The independent 
variables examined included: driving period (Before 1 versus rest of trial) and DBQ factor 
score (high versus low). For the DBQ factor score, groups were divided according to the group 
median into those who scored high (above median) and low (below median) on each factor.  

No significant differences in percentage of driving distance spent unbuckled were found across 
the driving periods or across drivers who scored differently on the violations, mistakes, lapses 
due to inattention and lapses due to inexperience sub-scales. 

The effect of driver attitudes towards ITS technologies and driving behaviours (e.g., speeding 
and tailgating) on the percentage of driving distance spent unbuckled was also examined. 
Driver attitudes to ITS and safe driving behaviours were obtained from responses to the Interim 
Time 6 Questionnaire. The independent variables examined included: driving period (Before 1 
versus rest of trial) and attitude towards ITS (positive versus negative) and attitudes towards 
certain driving behaviours (positive versus negative). Groups were divided according to the 
group median into those who had positive (above median) or negative (below median) attitudes 
towards ITS and safe driving behaviours. 

No significant differences in percentage of driving distance spent unbuckled were found across 
the driving periods or drivers who held different attitudes towards ITS or safe driving 
behaviours.  

Willingness to Keep SBR System 

The effect on the percentage of distance spent unbuckled of drivers’ willingness to keep SBR 
after the trial was examined in a series of 2-way mixed-model ANOVAs. Information regarding 
drivers’ willingness to keep the SBR system was obtained throughout the participants’ trial, 
however only the information provided in the Interim Time 6 Questionnaire at the end of the 
trial has been used in these analyses. The independent variables examined included: driving 
period (Before 1 versus rest of trial) and willingness to keep SBR (interested versus 
disinterested). Groups were divided according to the group median into those who were 
interested (above median) or not interested (below median) in keeping SBR. 

No significant differences in percentage of driving distance spent unbuckled were found across 
the driving periods for drivers who willing or unwilling to keep the SBR system. 

 



TAC SAFECAR PROJECT: FINAL REPORT 129 

6.4.4 Mean Time Taken to Buckle in Response to the Stage 1 SBR Warning 

The mean time (in seconds) taken for all occupants to fasten the seatbelt in response to the 
Stage 1 SBR warnings was examined over the trial to determine if the presence of the SBR 
system warnings decreased the time taken for drivers and occupants to buckle up. Three 
planned comparisons were conducted in order to examine any differences in the mean time 
taken to buckle up across the Before 1 and Before 2 periods, the Before 1 period and the rest of 
the trial periods combined, and the Before 1 and After 3 periods. These comparisons were 
conducted for the treatment and control drivers as a whole, given that both groups were 
exposed to the SBR system for the same number of kilometres (15,000 kms) and for the same 
driving periods.  

The mean time taken to buckle up in response to the SBR warnings is displayed in the fourth 
column of Table 6.29 for each driving period and for all drivers. As illustrated, the mean time 
taken to buckle reduced substantially in the Before 2 period when the SBR system was first 
activated and then remained fairly constant over the remainder of the trial.  

The results of the three planned comparisons revealed that the mean time taken to buckle 
decreased significantly (by 23 seconds) from Before 1 levels in the Before 2 period when the 
SBR system was first active (t (20) = 2.79, p = .011) and this reduction was maintained for the 
remainder of the trial (t (20) = 2.77, p = .012). Also, although there was a trend for the mean time 
taken to buckle up to increase slightly again over the duration of the trial, the time taken to 
buckle was still significantly lower at the end of the trial in the After 3 period, than it was in the 
Before 1 period (t (20) = 2.83, p = .010).  

 

6.4.5 Occupant Reponses to the Stage 1 and 2 SBR Warnings 

The percentage of times all occupants buckled up in response to the Stage 1 and Stage 2 SBR 
warnings was examined for each trip across the driving periods to determine if the presence of 
the SBR system increased the proportion of times occupants buckled up in response to the 
warnings and to examine if occupants mostly buckled up in response to the stage 1 warnings or 
waited for the stage 2 auditory warning before buckling. The percentage of times occupants did 
not buckle at all during the trip was also examined.  

The percentage of times occupants buckled up in response to the Stage 1 and 2 warnings is 
displayed in Table 6.30 for each driving period.  As illustrated, occupants responded to the 
stage 1 warnings by buckling up on approximately 70 percent of occasions and responded to 
the stage 2 warnings on approximately 20 to 24 percent of occasions. This suggests that, on the 
majority of occasions, occupants buckled up in response to the stage 1 visual warnings and did 
not wait until they received the auditory warning before buckling up. The proportion of times 
that occupants did not buckle up at all in response to the SBR warnings decreased from almost 
14 percent in the Before 1 period to around 8 percent in the periods when the SBR was active.  
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Table 6.30. Proportion of times occupants buckled up in response to the stage 1 and 2 warnings 
or did not buckle at all. 

Driving Period  Stage 1 Warning (%) Stage 2 Warning (%) Did Not Buckle (%) 
Before 1 64.84 21.43 13.74 
Before 2 72.59 19.64 7.68 
During 1 71.28 21.27 7.33 
After 1 71.23 19.15 10.02 
During 2 69.10 23.50 8.14 
After 2 70.16 20.24 7.78 
During 3 69.17 24.52 6.79 
After 3 70.55 20.17 9.45 
 
 

6.4.6 Average Speeds Reached Before Buckling Up 

The average speed and the average peak speed that was reached before all SafeCar occupants 
buckled up was examined for each driving period to determine if the presence of the SBR 
system warnings decreased the speeds drivers reached before occupants buckled up. A series of 
three planned comparisons were conducted in order to examine any differences in the average 
speed and average peak speed reached before buckling up across the Before 1 and Before 2 
periods, the Before 1 period and the rest of the trial periods combined, and the Before 1 and 
After 3 periods. These comparisons were conducted for the treatment and control drivers as a 
whole. 

The average speed of the vehicle when one or more occupants were unbuckled is displayed in 
Table 6.31 for each driving period during both the Stage 1 warning period (1 to 10 km/h) and 
the Stage 2 warning period (above 10km/h). The results of the three planned comparisons 
revealed that, during the stage 1 warning period) the average speed of the vehicle when 
occupants were unbuckled decreased significantly (by almost 0.44 km/h or 17 percent) from 
Before 1 levels in the Before 2 period when the SBR system was first active (t (20) = 3.13, p = 
.005) and this reduction was maintained for the remainder of the trial (t (20) = 2.95, p = .008).  

The results during the stage 2 warning period were similar. The average speed of the vehicle 
while unbuckled decreased significantly (by almost 15 km/h or 38 percent) from Before 1 
levels in the Before 2 period when the SBR system was first active (t (20) = 3.42, p = .003) and 
this reduction was maintained for the remainder of the trial (t (20) = 4.00, p = .001).  

Table 6.31. Average speeds before buckling in each driving period for the stage 1 and 2 
warning periods for all treatment and control drivers (n=21). 

Driving Period  Stage 1 Average Speed (km/h)  Stage 2 Average Speed (km/h) 
Before 1 2.60 (0.51) 39.29 (19.35) 
Before 2 2.16 (0.64) 24.25 (7.14) 
During 1 2.19 (0.63) 24.31 (9.12) 
After 1 2.33 (0.69) 22.27 (8.35) 
During 2 2.32 (0.62) 26.31 (11.08) 
After 2 2.36 (0.75) 25.67 (12.44) 
During 3 2.31 (0.71) 22.51 (7.02) 
After 3 2.23 (0.69) 22.56 (7.48) 
Note: Standard deviation in parentheses 
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The average peak speeds reached before buckling up is displayed in Table 6.32 for each driving 
period for all drivers. As illustrated, the mean peak speeds reached before buckling reduced 
substantially in the Before 2 period when the SBR system was first activated and then remained 
constant over the duration of the trial.  

Table 6.32. Average peak speed reached before buckling for each driving period for all 
treatment and control drivers (n=21). 

Driving Period  Average peak speed (km/h) 
Before 1 33.48 (12.22) 
Before 2 26.94 (7.45) 
During 1 24.98 (6.17) 
After 1 26.39 (9.71) 
During 2 26.55 (7.49) 
After 2 26.64 (11.01) 
During 3 27.34 (15.39) 
After 3 27.16 (10.18) 
Note: Standard deviation in parentheses 

 
 
The results revealed that the average peak speed reached before buckling up decreased 
significantly (by almost 6.5 km/h or 20 percent) from Before 1 levels in the Before 2 period 
when the SBR system was first active (t (20) = 2.93, p = .008) and this reduction was maintained 
for the remainder of the trial (t (20) = 3.53, p = .002). Also, although there was a trend for the 
average peak speed reached before buckling to increase slightly again over the duration of the 
trial, the average peak speed reached was still significantly lower at the end of the trial in the 
After 3 period, than it was in the Before 1 period (t (20) = 2.72, p = .013).  

The average peak speed reached before buckling was also examined before, during and after 
the ISA alone and ISA and FDW combined periods to establish if the presence of the ISA 
warnings further influenced (above that of the SBR system) the peak speed drivers would reach 
before all occupants buckled up. This analysis was conducted for the treatment drivers only. 
Two one-way repeated measures ANOVAs were conducted to establish if the average peak 
speed reached before buckling differed across the ISA and ISA and FDW combined driving 
periods. The average peak speeds reached in each of these driving periods is displayed in Table 
6.33. Results of the analyses revealed no significant differences in the average peak speeds 
reached before buckling up across the ISA alone and ISA and FDW combined driving periods.  

 

Table 6.33. Average peak speeds reached before buckling in the ISA alone and ISA and FDW 
combined driving periods for treatment drivers (n=13). 

Driving Period  Average peak speed (km/h) 
Before ISA 22.31 (8.53) 
During ISA 27.96 (10.79) 
After ISA 18.47 (4.77) 
Before ISA & FDW 31.87 (20.62) 
During ISA & FDW 26.83 (11.00) 
After ISA & FDW 27.18 (15.72) 

Note: Standard deviation in parentheses 
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6.4.7 Time Spent Unbuckled when Travelling at Dangerous Speeds 

The proportion of time spent driving at dangerous speeds (40 km/h and over) while a SafeCar 
occupant was unbuckled was examined across the trial periods. A threshold of 40 km/h was 
chosen as a dangerous forward moving speed to be travelling at while unbuckled because the 
risk to occupants of being fatally or seriously injured in a crash while driving unbuckled at this 
speed or higher is very high. For example, the probability of an unbelted occupant being fatally 
injured when travelling at 40 km/h is 0.04, whereas the risk of a restrained occupant being 
fatally injured when travelling at the same speed is 0.01 (Evans, 1996). Three planned 
comparisons were conducted in order to examine any differences in the proportion of time 
spent unbuckled at dangerous speeds across the Before 1 and Before 2 periods, the Before 1 
period and the rest of the trial periods combined, and the Before 1 and After 3 periods. These 
comparisons were conducted for the treatment and control drivers as a whole. 

The proportion of driving time spent unbuckled while travelling at dangerous speeds is 
displayed in Table 6.34 for each driving period for all drivers. As illustrated, the proportion of 
time spent unbuckled at dangerous speeds decreased from Before 1 levels when the SBR 
system was active. Indeed, the results of the planned comparisons revealed that the drivers 
spent significantly less time driving unbuckled when travelling at 40 km/h or more in the 
Before 2 period (t (20) = 2.30, p = .032) and the rest of the trial periods combined (t (20) = 2.29, p 
= .033) compared to the Before 1 period. At the end of the trial in the After 3 period, the 
proportion of time spent unbuckled at dangerous speeds was still lower than it was in the 
Before 1 period (t (20) = 2.28, p = .033), suggesting that the proportion of time spent unbuckled 
at dangerous speeds did not increase over the duration of the trial.  

 

Table 6.34. Percentage of driving time in each driving period spent unbuckled while travelling 
at dangerous speeds for all drivers (n=23). 

Driving Period  % Time 
Before 1 6.72 
Before 2 0.05 
During 1 0.04 
After 1 0.08 
During 2 0.11 
After 2 0.05 
During 3 0.03 
After 3 0.08 

 

 

6.5 FUEL CONSUMPTION AND EMISSION VOLUMES 

The fuel consumption and emission volumes of the SafeCars were examined across each trial 
period to evaluate whether and how use of the ITS systems, particularly the ISA and FDW 
systems, affected fuel consumption and emission levels. Fuel consumption was defined as the 
number of litres of fuel used per 100 kilometres travelled. Three types of emissions were 
calculated: carbon dioxide (CO2), Nitrogen Oxide (NOx) and Hydrocarbonates (HC). The PKE 
model for the estimation of fuel consumption and vehicle greenhouse emissions was used to 
calculate the fuel consumption and vehicle emission volumes. This model estimates fuel 
consumption and emissions based on the speed profile of the vehicle. Although the PKE model 
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usually includes observations where the vehicle is both moving and stationary, only 
observations where the vehicle was travelling at speeds of 1 km/h or more were included in the 
analysis for the SafeCar vehicles due to time constraints. It is also important to note that the 
fuel consumption and emission analyses examine fuel consumption only for the distance driven 
by the designated drivers (e.g., the study participants). 

A series of two-way mixed ANOVAs were conducted to examine differences in fuel 
consumption across the different trial periods and speed zones (50, 60, 70, 80 and 100km/h) for 
the treatment and control drivers. The independent variables examined included group 
(treatment versus control) and driving period (Before, During and After). As with the analyses 
reported above, the data are presented in the form of the ISA alone, FDW alone and ISA & 
FDW combined driving periods. 

The number of litres of fuel used in each driving period is displayed in Table 6.35 for the 
treatment and control drivers. As displayed, the number of litres of fuel used per 100 kilometres 
travelled stayed fairly constant across the different trial periods for the treatment drivers and it 
tended to decrease in the higher speed zones. The number of litres of fuel used per 100 
kilometres for the control drivers tended to increase and decrease across the trial in the lower 
speed zones, but remained fairly constant across the trial in the lower zones. For the ISA and 
FDW alone driving periods, no significant differences in fuel consumption were found across 
driving periods for any of the speed zones examined. However, for the ISA and FDW 
combined driving periods, a significant period by group interaction was revealed for the 80 
km/h zones only (F (2,68) = 4.85, p = .011), whereby the number of litres of fuel used per 100 
kilometres travelled was significantly lower when ISA and FDW were active compared to both 
the Before (p < .000) and After (p = .016) periods for the treatment, but not the control drivers. 

 

Table 6.35. Number of litres of fuel used per 100 kilometres travelled in the ISA alone, FDW 
alone and ISA and FDW combined driving periods for treatment and control drivers aggregated 
across speed zones.  

Driving Period  Litres of fuel used per 100 km 
Speed zone 50 60 70 80 100 
Treatments (n=15)      
Before ISA 16.23 13.26 12.67 11.88 10.80 
During ISA 15.58 13.18 12.43 11.54 10.67 
After ISA 16.04 12.83 12.04 11.49 10.67 
Before FDW 16.43 13.49 12.44 11.81 10.79 
During FDW 16.12 13.26 12.49 11.65 10.80 
After FDW 17.54 13.49 12.72 11.69 10.82 
Before ISA & FDW 16.35 13.05 12.22 11.92 10.73 
During ISA & FDW 15.77 12.91 12.18 11.49 10.63 
After ISA & FDW 16.17 13.23 12.34 11.87 10.68 
Control (n=8)      
Before 17.48 12.65 12.69 12.21 10.94 
During 14.90 12.82 12.81 12.21 11.01 
After 17.44 12.51 12.58 12.17 10.91 
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A series of two-way mixed ANOVAs were conducted to examine differences in emission 
volumes across the different trial periods and speed zones for the treatment and control drivers. 
The independent variables examined included group (treatment versus control) and driving 
period (Before, During and After). As with the fuel consumption analyses, the data are 
presented in the form of the ISA alone, FDW alone and ISA & FDW combined driving periods. 
The number of kilograms of CO2 and grams of NOx and HC released per kilometre travelled is 
displayed in Table 6.36 for each driving period and speed zone for the treatment and control 
drivers. 

In relation to the CO2 emissions, the number of kilograms of CO2 released per kilometre 
travelled did not differ significantly across driving periods when the ISA and FDW systems 
alone were active for any of the speed zones examined. However, for the ISA and FDW 
combined driving periods, a significant period by group interaction was revealed in the 80 km/h 
zones only (F (2,68) = 4.85, p = .011), whereby the number of kilograms of CO2 released per 
kilometre travelled was significantly lower when ISA and FDW were active compared to both 
the Before (p < .000) and After (p = .016) periods for the treatment, but not the control drivers. 

For the NOx emissions, the number of grams of NOx released per kilometre travelled did not 
differ significantly across driving periods when the FDW system alone was active for any of 
the speed zones examined. However, for the ISA alone driving periods, a significant period by 
group interaction was revealed in the 80 km/h zones only (F (2,64) = 7.43, p = .001), whereby the 
number of grams of NOx released per kilometre travelled was significantly lower when ISA 
was active compared to both the Before (p = .005) and After (p = .007) periods for the treatment, 
but not the control drivers. In addition, for the ISA and FDW combined driving periods, a 
significant period by group interaction was revealed in 60 km/h (F (2,68) = 5.98, p = .004) and 80 
km/h zones (F (2,68) = 3.69, p = .030). In 60 km/h zones, the number of grams of NOx released 
per kilometre travelled was significantly lower when ISA and FDW were active compared to 
the After (p = .016) period for the treatment, but not the control drivers. In 80 km/h zones, 
however, the number of grams of NOx released per kilometre travelled was significantly lower 
when ISA and FDW were active compared to the Before (p = .014) period for the treatment, but 
not the control drivers. 

For the HC emissions, the number of grams of HC released per kilometre travelled did not 
differ significantly across driving periods when the FDW system alone was active for any of 
the speed zones examined. However, for the ISA alone driving periods, a significant period by 
group interaction was revealed in the 80 km/h zones only (F (2,64) = 4.04, p = .022), whereby the 
number of grams of HC released per kilometre travelled was significantly lower when ISA was 
active compared to both the Before (p = .011) and After (p = .013) periods for the treatment, but 
not the control drivers. In addition, for the ISA and FDW combined driving periods, a 
significant period by group interaction was revealed in the 80 km/h zones only (F (2,68) = 6.32, 
p = .003), whereby the number of grams of HC released per kilometre travelled was 
significantly lower when ISA and FDW were active compared to both the Before (p = .001) and 
After (p = .007) periods for the treatment, but not the control drivers. 
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Table 6.36. CO2, NOx and HC emission volumes in the ISA alone, FDW alone and ISA and 
FDW combined driving periods for treatment and control drivers aggregated across speed 
zones.  

Driving Period   Speed Zone 
Treatments (n=15)  50 60 70 80 100 
Before ISA CO2 0.40 0.33 0.31 0.29 0.27 
 NOx 1.24 1.16 1.22 1.30 1.54 
 HC 1.30 0.97 0.95 0.89 0.82 
During ISA CO2 0.38 0.32 0.31 0.28 0.26 
 NOx 1.19 1.13 1.19 1.26 1.52 
 HC 1.21 0.94 0.90 0.82 0.79 
After ISA CO2 0.40 0.32 0.30 0.28 0.27 
 NOx 1.20 1.14 1.19 1.30 1.52 
 HC 1.24 0.92 0.86 0.83 0079 
Before FDW CO2 0.41 0.34 0.31 0.29 0.27 
 NOx 1.25 1.18 1.23 1.33 1.55 
 HC 0.33 1.01 0.92 0.89 0.82 
During FDW CO2 0.40 0.33 0.31 0.29 0.27 
 NOx 1.24 1.17 1.22 1.33 1.56 
 HC 1.30 0.98 0.92 0.87 0.82 
After FDW CO2 0.44 0.34 0.32 0.29 0.27 
 NOx 1.29 1.17 1.23 1.30 1.56 
 HC 0.41 1.00 0.96 0.86 0.82 
Before ISA & FDW CO2 0.41 0.32 0.30 0.29 0.26 
 NOx 1.24 1.15 1.21 1.31 1.54 
 HC 1.30 0.94 0.90 0.89 0.81 
During ISA & FDW CO2 0.39 0.32 0.31 0.28 0.26 
 NOx 1.20 1.13 1.20 1.26 1.52 
 HC 1.24 0.91 0.88 0.83 0.79 
After ISA & FDW CO2 0.40 0.33 0.30 0.29 0.26 
 NOx 1.23 1.16 1.22 1.28 1.52 
 HC 1.29 0.97 0.91 0.88 0.79 
Control (n=8)       
Before CO2 0.43 0.31 0.32 0.30 0.27 
 NOx 1.22 1.16 1.24 1.34 1.57 
 HC 1.63 0.91 0.95 0.94 0.84 
During CO2 0.37 0.32 0.32 0.30 0.27 
 NOx 1.19 1.17 1.26 1.33 1.58 
 HC 1.16 0.94 0.97 0.94 0.86 
After CO2 0.44 0.31 0.31 0.30 0.27 
 NOx 1.21 1.16 1.25 1.33 1.58 
 HC 1.62 0.90 0.95 0.94 0.85 
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6.6 CRASH REDUCTION BENEFITS OF SAFECAR SYSTEMS 

Based on the results obtained from the logged driving data, the safety effects of the ISA, FDW 
and SBR system in reducing the incidence and cost of road crashes were estimated.  

6.6.1 Intelligent Speed Adaptation – Crash Reduction Estimates 

For the ISA system, the Power Model developed by Nilsson (2004) was employed to estimate 
the expected reductions in injury and fatal crashes based on the decreases in mean speed 
observed when the ISA system was active. The expected reductions in injury and fatal crashes 
after introduction of the ISA system are displayed in Table 6.37 for five speed zones. As 
displayed, the ISA system will have the greatest effect on reducing crashes when combined 
with the FDW system. Also, it appears that ISA will have the greatest effect on reducing 
serious injury and fatal crashes in 60 km/h zones.  

Table 6.37. Expected decrease in the number of serious injury and fatal crashes after the 
introduction of the ISA system (n = 13 treatment drivers).  

1 = (1 – (V2/V1)3)*100 
2 = (1 – (V2/V1)4)*100 
 

 

6.6.2 Following Distance Warning – Estimated Rear-end Crash Reductions 

The expected reductions in those driving instances during which a collision with the lead 
vehicle would occur if the lead vehicle suddenly braked were modelled using the following 
distance data obtained during the trial. The distance driven by the SafeCar while in “rear end 
collision mode” (that is, where the SafeCar would collide with the lead vehicle if it braked) was 
calculated and expressed as a percentage of the total driving distance spent in following mode 
(time headway less than 3 seconds). In order to determine if the SafeCar was in rear-end 
collision mode, the following parameters were included in the model: braking decelerations of 

Speed Zone 

Mean speed 
Before ISA (V1) 

(km/h) 

Mean speed 
with ISA 

active (V2) 
(km/h) 

Mean speed 
reduction 

(km/h) 

Expected reduction in 
the number of serious 

injury crashes1 (%) 

Expected reduction 
in the number of 
fatal crashes2 (%) 

ISA        
50 km/h 45.90 45.16 0.74 4.76 6.29 
60 km/h 57.16 56.03 1.13 5.81 7.68 
70 km/h 65.74 64.81 0.93 4.18 5.54 
80 km/h 75.94 74.55 1.39 5.39 7.12 
100 km/h 96.27 95.35 0.92 2.84 3.77 
ISA & FDW       
50 km/h 45.85 44.77 1.08 6.90 9.09 
60 km/h 57.42 56.02 1.40 7.14 9.40 
70 km/h 66.44 65.06 1.38 6.10 8.05 
80 km/h 75.64 74.13 1.51 5.87 7.75 
100 km/h 96.28 95.10 1.18 3.63 4.81 
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the SafeCar and the lead vehicle, delay in driver reaction and response time, initial time 
headway and the initial speed of the SafeCar. 

The model had the following assumptions: 

• It was assumed that the speed of the lead vehicle was equal to the speed of the SafeCar at 
the moment the lead vehicle suddenly brakes.  

• The driver of the SafeCar was not aware that the lead vehicle would suddenly brake. 

• The SafeCar braking deceleration equalled 0.6g. This level of braking is in the 20 to 40th 
percentile range for actual hard braking in response to a crash threat under normal road 
surface conditions (Knipling et al., 1993). 

• Three deceleration values of the lead vehicle were used in the calculation: 0.25g (soft 
braking), 0.35g (moderate braking) and 0.50g (hard braking). The rationale for the smaller 
value is that the lead vehicle may not always be responding to a specific crash threat (and 
thus not braking hard), whereas the SafeCar is always responding to a specific threat. 

• A total time delay of 1.8 seconds was assumed for the SafeCar driver to react and respond 
to the lead vehicle braking. The total time delay includes both the reaction time of the 
driver and the time taken to reach maximum breaking efficiency. Driver reaction time was 
assumed to be 1.5 seconds, which corresponds approximately to the 75th percentile reaction 
time in the actual driver population (e.g., Sivak, Olson & Farmer, 1982; Taoka, 1989). The 
delay to maximum braking efficiency following initiation of braking was assumed to be 0.3 
seconds for a braking efficiency of 0.6g (Knipling et al., 1993). 

 

Table 6.38 displays the expected reductions in the percentage of time drivers spend in ‘rear-end 
collision mode’ when using FDW for the three lead vehicle braking deceleration rates. As 
displayed, the percentage of driving distance spent in rear-end collision mode is expected to 
reduce by up to 34 percent with use of the FDW system alone, under conditions where the lead 
vehicle is braking at a moderate rate (0.35g). The expected reductions are larger under 
moderate lead vehicle braking conditions compared to soft or hard braking rates because, under 
conditions where the lead vehicle brakes softly, drivers would need to be following at such 
close time headways (e.g., less than 0.3 seconds time headway at 80 km/h) in order to collide 
with the lead vehicle and drivers are unlikely to be travelling at such close time headway under 
normal driving conditions. Therefore, the presence of the FDW system would have little 
opportunity to influence time headways under these conditions. Under hard braking conditions, 
in order to avoid a collision with the lead vehicle, drivers would need to be travelling at time 
headways greater than the headway range in which FDW warnings were issued (e.g., greater 
than 2.1 seconds at 80 km/h). Thus, the FDW system would have little opportunity to influence 
time headway under conditions where the lead vehicle is braking hard. 
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Table 6.38. Expected decrease in the percentage of driving distance spent in rear-end collision 
mode after the introduction of FDW as a function of lead vehicle braking deceleration rate.  

n = 13 treatment drivers 
LV = lead vehicle 

 

6.6.3 Seatbelt Reminder System – Estimated Cost Savings 

Estimates of the cost savings expected from the use of the SafeCar SBR system were calculated 
by first determining the cost of unrestrained occupants in Australia, and, second, the cost 
savings associated with seat belt use. The method used to calculate these cost savings draw 
completely from a report by Fildes, Fitzharris, Koppel and Vulcan (2002). Cost of injury to 
unrestrained occupants was determined by using cost and injury data from the Bureau of 
Transport and Regional Economics (BTRE; 2001). Cost savings associated with seatbelt 
wearing were calculated by using HARM, which quantifies injury costs from road trauma. 
These costs comprise not only medical and treatment data, but also allowance for loss of 
earnings, impairment and loss of quality of life; that is, they represent societal cost of injury. 
The amount of injury costs saved each year depends on the effectiveness of the SBR device. It 
is estimated that 100% compliance with seat belt use would save the Australian community 
approximately $587 million per annum (Fildes et al., 2002). For further detail regarding how 
HARM is calculated, the reader is referred to Chapter 3 of the report by Fildes et al. (2002). 

The percentage of total driving distance above 10 km/h in which an occupant was unrestrained 
during the Before 1 and Before 2 driving periods was used to calculate the cost savings 
expected from use of the SafeCar SBR system. The effectiveness of the SBR system was 
calculated by determining the percentage of SafeCar participants who demonstrated an 
improvement of greater than 90 percent in seat-belt use in the Before 2 period when the seatbelt 
reminder systems was active from Before 1 levels and spent less than 0.5 percent of driving 
distance in the Before 2 period unrestrained. This criteria was used to account for the fact that 
the distance spent unrestrained was low initially, but also to ensure that the SBR system 
improved seatbelt wearing by a significant proportion.  Of the 21 SafeCar participants used in 
the calculations, 12 met this criterion and, hence, the effectiveness of the seatbelt reminder 
system was 57 percent. The SafeCars were issued SBR warnings for all seating positions 
however, it was not possible to determine from the data which seats were occupied and whether 
the non-compliance data relates to the driver or passengers. Hence, it was necessary to assume 
for this analysis that the SBR was equally effective in all seating positions. Based on this 
effectiveness value, the estimated annual savings in injury costs associated with use of the 
SafeCar SBR system are displayed in the last column of Table 6.36. As displayed, it is 
estimated that at 57 percent effectiveness, use of the SBR system would save the Australian 
community approximately $335 million per annum in injury costs. Cost-benefit studies are 
necessary to determine the economic value of fitting SBR systems to the Australian vehicle 
fleet prior to recommending widespread implementation. 

 

Expected reduction in % 
distance driven in rear collision 

mode – LV Soft braking 

Expected reduction in % 
time spent in rear collision 

mode – LV Moderate braking

Expected reduction in % 
time spent in rear collision 
mode – LV Hard braking

FDW 12.38% 33.74% 3.23% 

FDW & ISA 2.19% 13.63% 3.86% 
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Table 6.39. Expected injury costs saved in Australia through use of the SafeCar Seatbelt 
Reminder System.  

Seating Position 

Unrestrained cost 
of injury per 

annum 

% cost of injury 
based on 
exposure 

SBR 
effectiveness  

Cost of injury 
saved per 

annum 
Driver only $396,952,404.00 67.60% 0.57 $226,262,870.28

Front seats $512,045,112.86 19.60% 0.57 $291,865,714.33

All occupants $587,207,698.23 12.80% 0.57 $334,708,387.99

1. Assumes that SBR device is equally effective for all seating positions. 

2. Assumes no other vehicle safety improvements over life of device; i.e., the injuries sustained from being unbelted 
will not change due to other vehicle improvements. 

3. Assumes all vehicles in the fleet are fitted with SBR system. 
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CHAPTER 7 SUBJECTIVE DATA – RESULTS 

 

This chapter presents the results from all of the questionnaires administered throughout the 
TAC SafeCar on-road study. The questionnaires were designed to collect subjective data 
relating to the acceptability of the systems implemented in the SafeCar, the level of workload 
participants experienced while interacting with the systems, and attitudinal and other factors of 
interest. The results presented in this chapter consist of a selection of the more interesting 
results from the subjective analyses of the ISA, FDW, SBR and RCW systems. For an 
exhaustive coverage of the subjective data analyses for these systems, as well as the Speed 
Request Button and DRL, including results of all statistical tests, refer to Appendix Y. 

7.1 ACCEPTABILITY 

A selection of the results relating to the acceptability of each of the systems is presented below. 
Before presenting the results of the acceptability analyses however, it is timely to re-iterate the 
five constructs that, in this study, were said to define acceptability: 

• Usefulness – To be useful, participants must perceive the system to serve a purpose. 

• Effectiveness – to be effective, participants must believe the system does what it is designed 
to do. 

• Social acceptability – concerns the broader social issues that participants may consider 
when assessing the acceptability of ITS, such as the acceptable level of control, and the 
impact on privacy. 

• Affordability – relates to how much participants are willing to pay to purchase, install and 
maintain the system. 

• Usability – to be usable, participants must find the system easy to learn how to use, easy to 
remember how to use, easy and efficient to use, and satisfying to use. 

 

7.1.1 Key Systems: FDW and ISA Analyses 

Usefulness, Effectiveness, Social Acceptability and Affordability 
All participants received questions regarding the usefulness, effectiveness, social acceptability 
and affordability of the FDW and ISA in Preliminary questionnaire time 2 and Interim 
questionnaire time 6. The participants in the treatment group also received these questions 
regarding the FDW and ISA at Interim questionnaire time 3 and Interim questionnaire time 5, 
however not all participants in the treatment group had experienced the FDW and/or ISA at 
these times. As such, the inferential analysis for the FDW and ISA is restricted to the responses 
to the Preliminary questionnaire time 2 (baseline) when neither group had experienced these 
systems, and Interim questionnaire time 6, after all of the treatment group had experienced 
these systems. Only participants who completed both the Preliminary time 2 and Interim time 6 
questionnaires (i.e. 11 treatment group participants and 8 control group participants) are 
included in the inferential analyses involving comparisons over time. However, all participants’ 
responses are included in the baseline reported behaviour, as these questions were only 
included at the beginning of the study.  
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Usability 
Only descriptive results are reported for the usability of the systems, as the data was only 
collected at one time-point for each participant, and so changes across time were not measured. 
Only participants in the treatment group rated the usability of ISA and FDW, because the 
control group participants had no experience with these systems.  

Participants rated the usability of the ISA and FDW in the first period in which they were 
exposed to it. Three participants did not return the questionnaires pertaining to the usability of 
the ISA and FDW, and so usability data for these systems is only available for 12 participants.  

7.1.2 Background Systems: SBR and RCW  

Usefulness, Effectiveness, Social Acceptability and Affordability 
All participants received questions regarding the usefulness, effectiveness, social acceptability 
and affordability of the SBR and RCW in each of the four acceptability questionnaires. The 
analysis for these systems thus includes data from all four questionnaires. Only participants 
who completed all of the acceptability questionnaires are included in these comparisons (i.e. 11 
treatment group participants and 8 control group participants). However, all participants’ 
responses are included in the baseline reported behaviour, as these questions were only 
included at the beginning of the study.  

Usability  
Participants in both the treatment and control groups rated the usability of the SBR and RCW 
systems in Interim questionnaire time 1. At that point in time both groups had been treated 
equally, that is, they did not differ with respect to which systems they had been exposed to. As 
such, the usability data are not broken down by group, and no comparisons over time are 
possible. Twenty-one participants had experienced warnings from the SBR and RCW by that 
time, and those participants answered questions regarding the usability of the systems.  

7.1.3 Intelligent Speed Adaptation 

Reported baseline speed behaviour 
The majority of participants reported sometimes (15; 65.2%) or often (6; 26.1%) exceeding the 
speed limit by 3km/h or more. Only one participant reported never doing so. There was no 
evidence for a difference in the baseline speeding behaviour reported by the treatment and 
control groups. 

Of the participants who gave a reason for exceeding the speed limit by 3km/h or more, the main 
reasons selected were: 

• I don’t notice I’m speeding (7; 43.8%)   

• I aim to travel at the speed limit but occasionally I edge over before reducing my speed 
again (6; 37.5%).  

• Cars around carry me over the speed limit (1; 6.3%) 

• The speed limit is too low (1; 6.3%) 

• Other (1; 6.3%, stated that the reason was “to remove myself from dangerous situations”) 
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Usefulness 

Extent to which participants felt the ISA would be of use to them 
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Figure 7.1. “To what extent will the ISA system be of use to you?” Percentage of responses in 
each category for the treatment group and the control group. (0=no use, 5=always of use) 

 

After being introduced to the ISA system in training and prior to using the system, the 
participants rated the ISA system highly in terms of perceived usefulness. The mean rating for 
the treatment group participants was 4.36 (SD=1.03) while for the control group participants it 
was 3.88 (SD=1.13).  None of the participants gave the system a rating of less than two at this 
time. At the end of the study when the participants in the treatment group had experienced the 
system, the mean rating for the treatment group decreased to 3.27 (SD=2.00), and the mean 
rating for the control group also decreased to 2.86 (SD=1.77). Approximately 17% of 
participants rated the system as of no use to them at the end of the study.  

There was no evidence for a difference between the ratings given by the treatment group and 
the control group. However, at the end of the study, participants on average rated the system as 
significantly less useful to them compared to the beginning of the study (F(1,16)=5.14, 
p<0.04)). That is, participants rated the system as less useful at the end of the study, regardless 
of whether they had experienced the system or not. 
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The participants that rated the system as of no use did so for different reasons. One participant 
stated that, “every car exceeds the speed limit around you”. Another felt that  “the margin 
above the limit is too low”, while another said that “it is the driver’s responsibility to drive at 
appropriate speeds for conditions.” Another participant also commented that, “The system has 
too many inaccuracies with GPS”. 

Extent to which participants agreed that the Intelligent Speed Adaptation system would be of 
use in particular traffic environments, speed zones, and driver situations 
Participants were asked to rate the usefulness of the ISA system in various speed zones and 
traffic environments. Participants disagreed that warnings from the ISA system were 
unnecessary in speed zones of 60 km/h, 80km/h and 100 km/h, on freeways and on rural roads. 
They also disagreed that the ISA system is unnecessary when there are hardly any other cars on 
the road (median rating = 1 “disagree” for all items). However, participants did believe that 
ISA warnings were unnecessary on roads with a speed limit of 50km/h (median rating = 3 
“agree”).  

No significant differences were found between the usefulness ratings given by the treatment 
and control groups for these questions. There was a significant change in ratings over time for 
the question relating to the 60km/h speed zone (z=2.16, p=0.03) and some evidence for a 
change over time for the question relating to the 80km/h speed zone (z=1.73, p=0.08). A larger 
proportion of participants disagreed or strongly disagreed that warnings from the ISA were 
unnecessary in 60km/h and 80km/h zones, at the end of the study, compared to the beginning. 
There was no evidence of a change in ratings over time for the usefulness of the ISA system in 
the other speed zones and traffic situations. 

Effectiveness 

Perceived effect of the Intelligent Speed Adaptation system on travel speed in particular 
speed zones and traffic environments 
Over 80% of participants believed that the ISA system would be effective in decreasing travel 
speed in 50km/h (83.8%), 60km/h (86.5%), 80km/h (81.1%), 100km/h (81.1%) speed zones 
and in residential zones (86.5%). The remaining participants believed the ISA system would 
have no effect on travel speed. No participant believed that ISA would increase travel speed in 
these zones.    

The majority of participants also believed that the ISA system would reduce travel speeds on 
freeways (67.6%), rural roads (62.2%), when traffic levels are low (64.9%) and when road 
conditions are poor (59.5%). Again, the remaining participants all believed that the ISA system 
would cause no change to travel speeds in these situations.  

Statistical tests revealed no significant differences between the ratings given by the treatment 
group and the ratings given by the control group for most of these questions. There was one 
exception to this. At the beginning of the study, there were significantly more treatment group 
participants than control group participants who believed that the ISA would decrease travel 
speeds in conditions when traffic levels are low. However, this difference between groups was 
not apparent at the end of the study. There was no evidence for a change across time in the 
perceived effect of the ISA system on travel speed in these zones.  
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Perceived effect of the Intelligent Speed Adaptation system on travel speed of drivers who 
exceed the speed limit for particular reasons 
Most participants believed that the ISA system would decrease travel speeds for drivers who 
speed inadvertently (94.6%). There was no evidence for a difference in ratings between the 
treatment and control groups, or over time.  

The majority of participants also believed the ISA system would decrease travel speeds for 
drivers who are carried over the speed limit by others (89.5% at the beginning of the study, 
77.8% at the end), and drivers who aim to travel at the speed limit, but occasionally edge over 
before reducing speed again (94.7% at the beginning of the study, 83.3% at the end). No 
participant believed that the ISA system would increase speeds for these drivers. While there 
was no evidence for a difference between the groups’ ratings, there was a significant change in 
ratings over time for these questions (z=2.45, p=0.01, and z=2.00, p<0.05 respectively). For 
both of these questions, there was a reduction over time of approximately 11% in the 
proportion of participants who believed that the ISA would decrease travel speeds, and a 
corresponding increase in the proportion of participants thought travel speeds would not change 
for these drivers.   

In contrast, the majority of participants believed that the ISA system would have no effect on 
travel speed for drivers who speed for fun (81.2%), believe it is safe to speed (73.0%), are in a 
hurry (64.9%), believe they can control their car safely at any speed (67.6%), and drivers who 
believe the speed limit is too low (64.9%). Most of the remaining participants believed that the 
ISA system would decrease travel speeds for these drivers. It was rare for a participant to 
believe the ISA system would increase travel speeds for these drivers, however one participant 
(2.6%) did give the system this rating for drivers who speed for fun.  There was no evidence for 
a difference in ratings between groups or over time. 

Most participants also believed the ISA system would have no effect on travel speed for drivers 
who believe they won’t get caught/fined for speeding, and this proportion increased 
significantly over time, from 63.2% to 72.2% (z=2.00, p<0.05).  
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Figure 7.2. Effect of ISA on travel speed of drivers who believe they shouldn’t have to follow 
speed limits: Percentage of responses in each category for the treatment group and the control 

group.  (0=increase speed, 1= no change, 2=decrease speed) 

 

For drivers who believe they shouldn’t have to follow speed limits, 81.2% of treatment group 
participants at the beginning of the study felt that ISA would not change travel speeds, 
compared to only 50% of the control group (z=-2.06, p=0.04), while the remaining participants 
believed travel speeds would decrease for these drivers (refer to figure 7.2). At the end of the 
project, the proportion of control group participants who thought that travel speeds would not 
change had significantly increased to 71.4% (z=2.00, p<0.05), while the treatment group did 
not change their opinion significantly.  

Perceived effect of the Intelligent Speed Adaptation system on the incidence of crashes, crash 
severity, fuel consumption, travel time, and the probability of drivers being fined 

 
Most participants rated the ISA system as likely to reduce the incidence and the severity of 
crashes, while the remainder thought it would have no effect. At the beginning of the study and 
prior to experience with ISA, significantly more treatment group participants believed ISA 
would decrease crash incidence and severity than control group participants (100% compared 
to 75%, z=2.45, p=0.01). After experience with the ISA system, there was a significant 
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reduction in the proportion of treatment group participants who believed ISA would reduce the 
incidence and severity of crashes (from 100% to 73%, z=2.45, p=0.01), with an increase in the 
proportion that believed crash incidence and severity would not change. There was no such 
significant change in ratings for the control group participants.  

The majority of participants believed that the ISA system would lead to a decrease in fuel 
consumption, however a significantly lower proportion of participants believed this at the end 
of the project compared to the beginning (73.7% compared to 55.6%, z=2.11, p=0.03), with a 
corresponding increase in those who thought that fuel consumption rates would not change 
with ISA. There was no evidence for a difference of opinion between the groups.  
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Figure 7.3. Effect of ISA on travel time: Percentage of responses in each category for the 
treatment group and the control group.  (0=increase, 1= no change, 2=decrease) 

 

Most participants believed the ISA system would not change travel time. At the beginning of 
the project, the remaining participants were split between rating the system as likely to increase 
travel times (21.1%) or decrease travel times (15.8%). By the end of the project however, all of 
the participants who didn’t rate the travel times as likely to not change rated the system as 
likely to increase travel times (27.8%). There was no significant difference between the ratings 
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given by the groups. There was, however, a significant difference in ratings across time 
(z=2.31, p=0.02), with a reduction in the proportion of participants who believed travel time 
would decrease, and an increase in the proportion that believed travel time would increase. 

There was a difference between the treatment group and the control group in terms of how 
likely they thought ISA was to decrease the probability of a fine. At the beginning of the 
project all of the treatment group believed the system would reduce the probability of a fine, 
compared with 75% of the control group (z=2.45, p=0.01). There was also some evidence for a 
difference between groups at the end of the project (z=1.74, p=0.08), when the proportion that 
believed the system would reduce the probability of a fine was still higher in the treatment 
group compared to the control group. There was a significant difference in ratings across time 
for both the treatment group (z=2.00, p=0.045) and the control group (z=1.99, p=0.046). 
Although the majority still believed the probability of getting a fine would decrease, in both 
groups there was a reduction over time in the proportion of participants that chose this 
response. 
 

Perceived potential for distraction while receiving warnings from the ISA system 
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Figure 7.4. “To what extent do you agree the ISA system could distract you when you are 

driving” Percentage of responses in each category, by group. (0=strongly disagree, 1=disagree, 
2=neither agree nor disagree, 3=agree, 4=strongly agree) 
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In general, participants disagreed that warnings from the ISA system could distract them from 
their driving, compromising their safety and that of any passengers that they might be carrying. 
There was a significant difference between the ratings given by the treatment group compared 
to the control group (F(1,17)=4.83, p=0.04). The treatment group disagreed with this statement 
more strongly (mean rating=1.27) than the control group (mean rating=1.87), although both of 
these mean ratings lie between 1 “disagree” and 2”neither agree nor disagree”. There was no 
evidence of a difference in the ratings given at the beginning of the study compared to the end, 
or an interaction between treatment group and time. 
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Figure 7.5. “To what extent do you agree that you will rely too strongly on the ISA system?” 
Percentage of responses in each category, by group. (0=strongly disagree, 1=disagree, 

2=neither agree nor disagree, 3=agree, 4=strongly agree) 

 

Participants were asked if they agreed that they would rely too strongly on the ISA system to 
let them know if they were exceeding the speed limit at the expense of their own judgement. 
There was a significant difference in ratings between the groups at both the initial questionnaire 
(z=-2.32, p=0.02) and some evidence for a difference in ratings between groups in the last 
acceptability questionnaire (z=-1.82, p=0.07). The median rating for the treatment group was 
“disagree” while that for the control group was “neither agree nor disagree”. There was no 
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evidence of a difference in the ratings given to this question over time for either the treatment 
group or the control group.  

Perceived impact of system reliability on participants’ trust in ISA warnings 
In general, participants tended to agree that they would lose trust in the ISA system if it was 
unreliable, i.e. if it issued false warnings (mean rating=2.76) or if it failed to issue warnings 
when it should (mean rating=2.68). Only 13.2% of participants disagreed that they would lose 
trust in the ISA system if it gave false warnings, while only 16.2% disagreed they would lose 
faith if the system didn’t issue warnings when it should. There was no evidence of a difference 
in the ratings of the treatment and control groups, or a change of opinion over time. 

Social Acceptability 

Participants’ opinions concerning the mode of deployment of the Intelligent Speed 
Adaptation system 
Participants were asked two questions relating to the mode of deployment of the ISA system. 
Firstly, they were asked to what extent they agreed that the ISA system should be compulsory 
for all drivers.  
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Figure 7.6 “To what extent do you agree that the ISA system should be compulsory for all 
drivers?” Percentage of responses in each category, by group. (0=strongly disagree, 1=disagree, 

2=neither agree nor disagree, 3=agree, 4=strongly agree) 
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The responses to this question ranged from strongly disagree to strongly agree, with the mean 
rating lying between “neither agree nor disagree” and “agree” (mean=2.22, SD=1.18). There 
was no interaction between treatment group and questionnaire, no difference between the 
groups’ ratings and no evidence of a change in ratings over time. 

Secondly, participants were asked to what extent they thought the ISA system should only be 
compulsory for those drivers who have been booked on multiple occasions for exceeding the 
speed limit.  
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Figure 7.7. “To what extent do you agree that the ISA system should only be compulsory for 
drivers who have been booked on multiple occasions for speeding?” Percentage of responses in 

each category, by group. (0=strongly disagree, 1=disagree, 2=neither agree nor disagree, 
3=agree, 4=strongly agree) 

 

The responses to this question also ranged from strongly disagree to strongly agree, with the 
mean rating lying between “disagree” and “neither agree nor disagree” (mean=1.62, SD=1.21). 
There was no interaction between treatment group and questionnaire, no difference between the 
groups’ ratings and no evidence of a change in ratings over time. 

It is interesting to compare the ratings given to these two questions. Overall, participants tended 
to agree (although not strongly) that the ISA system should be compulsory for all drivers, 
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whereas in general, they disagreed (again, not strongly) that the ISA system should be 
compulsory only for drivers who have been caught speeding on multiple occasions.  

Participants’ opinions concerning the appropriate level of control for the Intelligent Speed 
Adaptation system 
Participants were asked several questions regarding the level of control that the ISA system 
should have.  

Most participants disagreed (65.8%) or strongly disagreed (16.2%) that the ISA system in its 
current form takes too much control away from the driver.  

Most participants disagreed (35.1%) or strongly disagreed (40.5%) that they would prefer an 
ISA system that made it impossible for the driver to exceed the speed limit.  

Only 8.1% of participants wanted to be able to turn the system on or off, while 64.9% did not 
want that level of control.  

For these questions relating to the level of control, there was no significant difference between 
the opinions of the treatment and control groups, nor was there any evidence of a change in 
ratings across time. There was also no significant interaction between treatment group and 
time. 

Participants’ opinion of authorities using the ISA system to monitor and track car speeds 
and locations on the road network  
Participants were asked to what extent they agreed that it would not bother them if the ISA 
system were used as a device by authorities to monitor and track car speeds and locations on 
the road network. 

Responses to this item were varied. While, a large number of participants did not want the 
authorities to use the ISA as a monitoring device (disagree 24.3%; strongly disagree 24.3%), 
some participants did agree (21.6%) or strongly agree (5.4%) that it would not bother them. 
There was no evidence of a difference between the opinions of the treatment and control 
groups, nor was there any evidence of a change in ratings across time.  

Affordability 

Purchase – new and existing cars 
Participants were asked to nominate how much they would be willing to pay for purchase of the 
ISA system as part of a new car, and also for retrofit of the ISA to an existing car. The results 
were similar for both new and existing cars. There was a lot of variation in the amount that 
participants were willing to pay, which ranged from zero to $1000. The median value that 
participants reported being willing to pay for purchase of ISA in a new car was $200, while for 
purchase for an existing car, the median value was $110. 
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Maintenance/service – new and existing cars 
Participants reported being willing to pay between zero and $100 for yearly 
maintenance/service of an ISA system for both a new car and an existing car. Most participants 
were not willing to pay anything for yearly maintenance/service (median=$0). 

Installation – existing cars 
For existing cars, participants were asked to nominate how much they would be willing to pay 
for installation of the ISA system as a one-off cost on top of the purchase cost. The amount 
participants were willing to pay for installation ranged from zero to $250, with most 
participants choosing a value between zero and $100. The median of the amounts that 
participants reported being willing to pay for installation was $50. 

Interest in keeping the system 
Participants were asked to rate their level of interest in keeping the ISA system if they had the 
option (at no extra cost). Over 70% participants expressed interest (or strong interest) in 
keeping the ISA system, both at the beginning of the study (79.0%), and at the end of the study 
(72.2%). This was true for both those participants who experienced the ISA system during the 
study period and those who did not. The median rating given by both groups at both 
questionnaires was 3, “interested”. Only two participants (11.1%) at the beginning of the 
project and three participants at the end (16.7%) expressed disinterest, or strong disinterest, in 
keeping the system.  

There was no significant difference between groups in terms of their level of interest in keeping 
the ISA system, either just after training (i.e. when neither group had yet used the system) or 
after the treatment group had used the system. Despite the median ratings remaining constant 
over time, there was some evidence of a slight change in interest levels across time (z=1.75, 
p=0.08). The mean ratings decreased slightly from 3.05(SD=1.13) to 2.72 (SD=1.27), however 
both mean values are close to 3 (interested). 

Reasons for disinterest in keeping the ISA system 
Prior to experiencing the system, one participant in the treatment group was very disinterested 
in keeping ISA, and said that the reason for their disinterest was because cruise control is the 
best method of controlling speed. One control group participant was also disinterested, and 
thought ISA might be distracting if you are trying to drive safely, but conceded that it depended 
upon how the system worked. After the treatment group participants had used the system, one 
participant said that their main reason for not wanting to keep the system was that too many 
roads were incorrectly mapped, and that the level at which the warning went off was too low, 
particularly for zones of 80km/h or more. The other participant stated that they thought the 
system was “overkill” and would be too expensive when compared to existing available 
systems.  The control group participant who expressed disinterest at the end of the project did 
not provide a reason why.  

7.1.3.a Reasons for interest in keeping the ISA system 
The reasons that were given for being interested in keeping the ISA system can be grouped into 
several categories; to advise drivers when they are inadvertently speeding, to avoid speeding 
fines, to heighten awareness of speed limits, as an aid when speed signs are scarce, to improve 
safety, and to save fuel. After using the system, one participant commented that the system was 
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helpful in stopping inadvertent speeding, but that the current system needed to be over-ridden 
several times because it issued false warnings. 

Usability 

Overall impressions: what participants liked, disliked and wanted to change about the ISA 
system 
Participants were asked to state what they liked, disliked and wanted to change about the ISA 
system.  

The drivers liked the following things about the ISA system: 

• It tells the driver when they are speeding 

• Gives drivers confidence that they won’t speed  

• Improves safety 

• Drivers are able to find out what the speed limit is 

• One driver specifically liked the visual warning, another liked having the speed limit 
displayed on the screen 

• Two drivers liked the audio warning 

• One driver liked the upward pressure on the accelerator 

 
The drivers disliked the following things about the ISA system: 

• Six participants disliked the inaccuracy of the database for some streets, and that warnings 
were given when the driver was not actually speeding  

• The warnings that occurred when drivers were speeding because they were keeping up with 
the traffic flow 

• Two participants did not like the accelerator pressure 

• One driver did not like the audio tone. 

 

The drivers suggested the following changes to improve the ISA system: 

• Make the database of speed limits more accurate 

• Two drivers wanted the signal area widened 

• Three drivers wanted the accelerator pressure adjusted, while two did not want the 
accelerator pressure at all 

• One driver wanted to disable the audio warnings 

• One driver wanted the visual warnings changed, but did not state how 

• One participant wanted the visual warnings on a head-up display  
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Experience during first period of exposure 
All 12 treatment group participants who returned the questionnaire focussing on the usability of 
ISA had experienced warnings from ISA during their first period of exposure to the system. All 
had also experienced the second level of speed warning, that is, the flashing visual warning 
(miniature speed limit sign with flashing red circle) and upward pressure on the accelerator. 

All 12 participants reported experiencing the message that appeared on the visual warning 
display (VWD) when driving outside the confines of the ISA system digital map database 
(“outside digital map zone”).  

Half of the participants reported having seen the message that appeared on the VWD when the 
ISA system temporarily loses GPS reception (“No GPS signal”), while the other half reported 
not having seen the message.  

Learnability 
None of the participants reported finding it difficult to judge what the ISA warnings meant the 
first time they were issued. Most participants found it very easy (75%) or easy (8.3%) to judge 
what the warnings meant.  

Visual warning  

Ease of use 

Two participants (16.7%) reported having difficulty seeing the Stage 1 visual warning (the 
static visual icon) on the VWD. One participant attributed the difficulty to the visual icon being 
too small. The other participant attributed it to too much glare and reflection on the screen, and 
the position of the VWD, which made it difficult to view because it was too far to the left.  

One participant (8.3%) reported difficulty seeing the Stage 2 visual warning (the flashing visual 
icon) on the VWD. This difficulty was attributed to too much glare and reflection on the screen, 
and the position of the VWD, which made it difficult to view because it was too far to the left.  

Satisfaction 

All participants reported being satisfied with the look of the ISA system visual warning 
graphics. 

Effectiveness 

Most participants found the Stage 1 visual warning very effective (16.7%) or effective (66.7%) 
in alerting them that they were exceeding the speed limit by 2km/h or more. Only one 
participant (8.3%) rated the system as ineffective in this regard. This participant felt that the 
static visual warning was ineffective because it didn’t catch the eye. 

All of the participants found the Stage 2 visual warning very effective (41.7%) or effective 
(58.3%) in alerting them that they were exceeding the speed limit by 2km/h or more.  
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Audio chime 

Ease of use 

One participant (8.3%) reported difficulty hearing the audio chime. The reason for this was that 
the sound was muffled by other sounds in the vehicle (e.g. conversation, radio). 

Satisfaction 

Three quarters of the participants were satisfied with the sound of the audio chime, whereas 
two participants (16.7%) were not satisfied. One of the participants found the warning too 
annoying, the second suggested that the driver needs to be able to disable the audio warning 
because the visual warning is enough.  

Effectiveness 

Only one participant (8.3%) found the audio chime ineffective in alerting them that they were 
exceeding the speed limit. This participant felt that the audio was annoying and that it comes on 
too early. The participant suggested setting the threshold at 5% of the speed limit, rather than 
2km/h. 

Haptic warning 

Ease of use 

Only one participant (8.3%) reported difficulty feeling the upward pressure on the accelerator. 
The participant could feel when the pressure was removed, but found that the upward pressure 
was not strong enough to be noticed. 

Satisfaction 

Two-thirds (8) of the participants were satisfied with the haptic warning, while one-third (4) 
were not. Of these, three wanted the degree of accelerator pressure to be reduced, while the 
other participant wanted the pressure to be increased.  

Effectiveness 

Two-thirds of participants found the accelerator pressure either very effective (25%) or 
effective (41.7%) in alerting them that they were speeding by 2km/h or more. However, one 
quarter of the participants found it ineffective (16.7%) or very ineffective (8.3%). One 
participant felt that the haptic warning was ineffective because the accelerator pressure was not 
sufficient to encourage them to slow down. Another participant felt the upward accelerator 
pressure was unnecessary and disconcerting. 

Warning sequence 

Satisfaction 

Ten participants (83.3%) were satisfied with the sequence in which the ISA system warnings 
activated. The remaining two participants (16.7%) were not satisfied. These participants were 
asked how they would redesign the sequence. One participant suggested having only auditory 
warnings, and no visual warnings. The other participant wanted no accelerator pressure and no 
audio alarm at all, or at least the ability to disable the audio. 
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7.1.4 Following Distance Warning 

Reported baseline following behaviour 
Participants were asked to report how often they drove less than two seconds from the car in 
front. Three participants (13.0%) reported never, nine participants (39.1%) reported rarely, 3 
participants (13.0%) reported sometimes, seven participants (30.4%) reported often and one 
participant (4.3%) reported always doing so. There was no evidence for a difference in baseline 
following behaviour between the treatment group and the control group.  

Of the drivers who gave a reason for travelling less than two seconds from the car in front, the 
main reasons selected were; 

• I don’t notice (7; 36.8%) 

• When there is a lot of traffic (5; 26.3%) 

• I am a good driver and I can control my car regardless of how close I am to the car in front 
(1; 5.3%) 

• I don’t want other drivers to cut in front of me (1; 5.3%) 

• Other (5; 26.3%; reasons given related to changing speed of traffic, another driver cutting 
into the gap in front and being unaware of being too close) 

Usefulness 

Extent to which participants felt the FDW would be of use to them 
No participant felt that the FDW would be of no use to them at the beginning of the project, and 
only one participant in the control group (who had no experience with FDW) rated it as of no 
use at the end of the study. The mean rating was 3.2, which is closer to always of use than 
never of use. There was no evidence of a difference in ratings between the treatment group and 
the control group, a change in ratings across time or an interaction between group and 
questionnaire.  
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Figure 7.8. “To what extent will the FDW system be of use to you?” Percentage of responses 
in each category, by group (0=no use, 5=always of use) 

 
 

Extent to which participants agreed that the Following Distance Warning system would be of 
use in particular traffic environments, speed zones, and driver situations. 
Participants were asked to rate the usefulness of the FDW system in various speed zones, traffic 
environments and driving situations.  

Most participants thought that warnings from the FDW system were necessary in speed zones 
of 50km/h (81.1%) and on rural roads (62.2%). A large proportion of participants agreed or 
strongly agreed (86.5%) that the FDW system would be useful for alerting distracted or 
fatigued drivers. For these items, there was no evidence of a difference in opinion between 
groups, or a change of opinion across time. 

After training and prior to experience with the FDW, 73.7% of participants agreed or strongly 
agreed that the FDW system would be helpful when travelling on the freeway, whereas none 
disagreed. However, by the end of the project, the proportion who agreed or strongly agreed 
decreased to 61.1%, and there was an increase across time in the proportion of participants who 
disagreed that the FDW system would be helpful on the freeway, which went from zero to 
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27.8%. There was some evidence for a difference in ratings across time (F(1,16)=3.58, p=0.08), 
however there was no evidence for a difference in ratings between the treatment group and the 
control groups.  

Effectiveness 

Perceived effect of the Following Distance Warning system on following distance in 
particular speed zones and traffic environments 
Participants were asked what effect they thought the FDW system would have on following 
distances in particular speed zones and traffic environments.  

After training and prior to experience of the system, approximately half of the participants 
believed that the FDW system would increase following distances for speed zones of 50km/h 
(42.1%), 60 km/h (52.6%), 80km/h (57.9%) and 100 km/h (52.6%). The remaining participants 
believed it would either have no effect, or would decrease following distances.  

For all of these speed zones, the proportion of participants who believed that following 
distances would increase was larger at the end of the study - 50km/h (72.2%), 60 km/h (72.2%), 
80km/h (77.8%) and 100 km/h (83.3%). There was a corresponding decrease in the proportion 
of participants who believed that following distances would not change or would decrease. This 
difference in opinion across time was significant at the 0.05 level for the 50km/h zone (z=1.98, 
p<0.05), the 80km/h zone (z=2.00, p<0.05) and the 100km/h zone (z=2.44, p=0.01), and at the 
0.10 level for the 60km/h zone (z=1.73, p=0.08).  There was no evidence of a difference of 
opinion between the treatment and control groups. 

A similar increase in perceived effectiveness across time was seen for several of the road traffic 
environments. At the beginning of the study, opinions were mixed as to the expected effect of 
the FDW system on following distances when there was little traffic, when it was difficult to 
see the road ahead, and when the traffic was heavy (refer to table 7.1). For all of these 
situations, the proportion of participants who believed that following distances would increase 
had increased by the end of the project, so that the majority of participants chose this option 
(refer to table 7.2). The difference in time was significant for the question relating to when it is 
difficult to see the road ahead (z=2.36, p=0.02), and approached significance for the 
environment where there was little traffic (z=1.91, p=0.06).   

 

Table 7.1. Perceived effect of the FDW system on following distance at the beginning of the 
study 

Effect on following distance Traffic environment 

Increase No change Decrease 

Little traffic 26.3% 52.6% 21.1% 
Heavy traffic 52.6% 21.1% 26.3% 
Difficult to see road ahead 31.6% 36.8% 31.6% 
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Table 7.2. Perceived effect of the FDW system on following distance at the end of the study 

Effect on following distance Traffic environment 

Increase No change Decrease 

Little traffic 55.6% 27.8% 16.7% 
Heavy traffic 66.7% 27.8% 5.6% 
Difficult to see road ahead 66.7% 16.7% 16.7% 

 
 

Perceived effect of the Following Distance Warning system on following distance of drivers 
who exceed the speed limit for particular reasons 
The majority of participants believed that the FDW system would increase following distance 
for drivers who don’t notice that they are following the car in front too closely. This proportion 
increased significantly over time, from 57.9% at the beginning of the study to 83.3% at the end 
(z=2.00, p<0.05). There was no evidence of a difference of opinion between groups. 

In general, participants believed that the FDW system would not change following distance for 
drivers who believe that following too closely is fun (75.7%), who don’t want others cutting in 
front of them (73.0%), who believe that following cars too closely has no effect on safety 
(62.2%), who are in a hurry (52.9%), who believe they won’t be caught or fined (67.6%), who 
believe it is their choice to drive as close as they like other cars (75.7%), who believe they can 
control their car regardless of how close they are to the car in front (73.0%), and in situations 
when the car in front is driving too slowly (55.6%).  

Perceived effect of the Following Distance Warning system on the incidence of crashes, 
crash severity, and the probability of drivers being fined 
Most participants believed that the FDW system would decrease the incidence of crashes 
(91.9%) and the severity of crashes (86.5%). Most participants also believed that the 
probability of being fined would also decrease as a result of the FDW system (73.0%). The 
remaining participants believed that the FDW system would lead to no change in crash 
incidence and severity, or the probability of receiving a fine.  

Perceived impact of system reliability on participants’ trust in FDW warnings 
In general, participants tended to agree that they would lose trust in the FDW system if it was 
unreliable, i.e. if it issued false warnings (mean rating=2.81) or if it failed to issue warnings 
when it should (mean rating=2.78). Only 10.8% of participants disagreed that they would lose 
trust in the FDW system in these situations. There was no evidence of a difference in the 
ratings of the treatment and control groups, or a change of opinion over time. 

Perceived impact of the FDW system on drivers’ ability to use their own judgement 
Most participants (78.4%) disagreed or strongly disagreed that they would wait to hear 
warnings from the FDW system before they backed away from the car in front rather than using 
their own judgement. There was no evidence of a difference in the ratings given by the 
treatment and control groups, or a change of opinion over time. 
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Perceived potential for distraction while receiving warnings from the FDW system 
Very few participants agreed that the warnings from the FDW system could distract them from 
their driving, affecting their safety and that of their passengers (8.1%). The majority of 
participants did not agree that they could be distracted by the FDW (67.6%). There was no 
difference between the ratings given by the treatment group compared to the control group, nor 
any evidence of a change in ratings over time. 

Social Acceptability 

Participants’ opinions concerning the mode of deployment of the Following Distance 
Warning system 
As for ISA, participants were asked two questions relating to the mode of deployment of the 
FDW system. Firstly, they were asked to what extent they agreed that the FDW system should 
be compulsory for all drivers. The responses to this question ranged from strongly disagree to 
strongly agree, with the mean rating lying between “neither agree nor disagree” and “agree” 
(mean=2.08, SD=0.98). There was no interaction between treatment group and questionnaire, 
no difference between the groups’ ratings and no evidence of a change in ratings over time. 

Secondly, participants were asked to what extent they thought the FDW system should only be 
compulsory for those drivers who have been booked on multiple occasions for tailgating, 
and/or have had several rear end collisions. The responses to this question also ranged from 
strongly disagree to strongly agree, with the mean rating lying between “disagree” and “neither 
agree nor disagree” (mean=1.62, SD=1.01). There was no interaction between treatment group 
and questionnaire, no difference between the groups’ ratings and no evidence of a change in 
ratings over time. 

Overall, participants tended to agree (although not strongly) that the FDW system should be 
compulsory for all drivers, whereas in general, they disagreed (again, not strongly) that the 
FDW system should be compulsory only for drivers who have been caught tailgating on 
multiple occasions, or have had several rear end collisions.  

Participants’ opinions concerning the appropriate level of control for the Following Distance 
Warning system 
Participants were asked if they felt that the FDW system takes too much control away from the 
driver. Prior to experience with the system, 84.2% of participants either disagreed or strongly 
disagreed with this statement, and there was no difference between the opinions of the 
treatment and control groups. At the end of the study however, the control group had 
significantly changed their opinion (z=-2.24, p=0.03), and less than half of them held the same 
view. The remaining control group participants chose the response “neither agree nor disagree”. 
In contrast, the proportion of treatment group participants who did not agree that the system 
takes away too much control remained high at 90.9%.  

Most participants disagreed that they would prefer a system that made it impossible to get 
within two seconds from the car in front. There was some evidence for a change in ratings over 
time (F(1,16)=4.42, p=0.052), as the proportion of participants that disagreed increased from 
68.4% to 77.8%. There was no evidence for any difference in the ratings of the treatment and 
control groups. 
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Figure 7.9. “To what extent would you prefer a FDW system that you could turn on or off as 
required?” Percentage of responses in each category, by group. (0=no use, 5=always of use) 

 

Participants were asked whether they would prefer a system that they could turn on or off as 
required. The responses were mixed, and there was no evidence of a difference in opinion 
between the treatment group and the control group, nor any significant change over time. 
However, from figure 7.9 it can be seen that there is a trend towards an increased number of 
participants in the treatment group wanting to be able to turn the system off after they had 
experienced it (54.6% compared to 9.1% prior to experiencing the system). 

Affordability 

Purchase – new and existing car 
Participants were asked to nominate how much they would be willing to pay for purchase of the 
FDW system as part of a new car and for retrofit to an existing car. The median price that 
participants reported being willing to pay for purchase of the FDW system for both of these 
was $100. Most participants reported being willing to pay between zero and $300, however one 
participant was willing to pay up to $1000.   
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Maintenance/service – new car 
The median price that participants were willing to pay for yearly maintenance of the FDW 
system in a new car or an existing car was zero. Very few participants were willing to pay more 
than $50 for yearly maintenance of the FDW system. 

Installation – existing car 
Most participants reported that they were willing to pay an amount between zero and $100 for 
installation of the FDW into an existing car. The median of the amounts that participants were 
willing to pay was $32.50 at the beginning of the project, and $12.50 at the end of the project, 
however this change over time was not statistically significant. 

Interest in keeping the system 
At the beginning of the project, before anyone had experienced the FDW system, most 
participants expressed interest in keeping the FDW (81.8% of treatment group, 62.5% of 
controls). This had decreased by the end of the project, particularly for the treatment group, 
with only 30.0% expressing interest in keeping the FDW after having experienced it. The level 
of interest in the control group (who did not experience the FDW) remained fairly constant at 
57.2%. There was some evidence of an interaction between treatment group and questionnaire 
(F(1,12)=3.52, p=0.08). The mean ratings for the treatment group decreased significantly over 
time, from 2.91 (SD=0.54) to 1.6 (SD=1.43), (t(9)=2.69, p=0.02). In contrast, the ratings of the 
control group were consistent over time; 2.5 (SD=1.07) at the beginning of the project, and 
2.57 (SD=0.98) at the end. That is, after having experience interacting with the FDW system, 
the treatment group participants were less likely to express interest in keeping the system. 

Reasons for disinterest in keeping the FDW system 
After the initial training and prior to any experience with the system, two participants, both in 
the control group, expressed disinterest in keeping the FDW. Only one provided a reason, and 
this driver thought the FDW would be unlikely to change his driving style. 

After the treatment group had used the FDW system, the reasons that were given for not 
wanting to keep the FDW system changed somewhat. Of the five treatment group participants 
who did not want to keep the system, three said that there were too many false readings, while 
the other two found the system distracting, because the warnings occur when other cars cut in 
front. The one control group participant who expressed disinterest in keeping the system did 
not state why.  

Reasons for interest in keeping the FDW system 
The main reasons that participants gave for being interested in keeping the FDW system were 
that it would enhance safety, it would provide a reminder to keep at a reasonable following 
distance and it would be useful if the driver was tired or distracted.  

After experience with the FDW system, one treatment group participant stated that although the 
warnings were annoying at times, particularly in heavy traffic, the system does lead to safer 
driving.  
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Usability 

Overall impressions: what participants liked, disliked and wanted to change about the FDW 
system 
Participants were asked to state what they liked, disliked and wanted to change about the FDW 
system.  

The drivers liked the following things about the FDW system: 

• That the FDW increased driver awareness. 

• That the FDW increased good driving practices. 

• The FDW system changed behaviour. 

• The visual icon (i.e. the bar/ladder system). 

• That the distance to the car in front is calculated in terms of time, which is otherwise hard 
to judge. 

 
The drivers disliked the following things about the FDW system: 

• Six drivers disliked that the FDW system gives warnings when cars cut in front them, or 
when they pass under bridges, tunnels, or near barriers. 

• One driver said that the audio warning activates too late. 

• One driver said the audio warning was too loud, one didn’t want audio at all, and another 
just stated that they didn’t like the audio warning. 

 
The drivers suggested the following changes to improve the FDW system: 

• Timing: one driver wanted the first warning at 3 seconds from the car in front, another two 
drivers wanted the audio warning at 2 seconds. 

• Accuracy: Drivers want the system not to give false warnings, e.g. a warning due to a 
parked car as the driver turns a corner, or due to driving under bridges.  

• Audio warning: Two drivers wanted to disable the audio warnings, two drivers wanted a 
different type of sound and two wanted to change the volume of the sound. 

• Drivers don’t want the system to give warnings when other cars cut in front of them, or at 
least for the warning to be less dramatic when this happens. 

• One driver wanted the visual warning ladder to be longer, and a different colour. 

• One driver wanted the visual display put on a head-up display. 

 

Learnability 
Only one participant felt that it was difficult to judge what the FDW system warnings meant the 
first time they heard the warnings. That participant reported not finding it easier to judge what 
the warnings meant after experiencing them a few times, because of unspecified difficulties 
with the display.  
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Visual warning 

Satisfaction 

Most participants (83.3%) were satisfied with the look of the FDW system visual warning 
graphics. One participant (8.3%) was not satisfied, but did not provide a reason why.  

Visual warning – yellow bars of the FDW visual ladder 

Ease of use 

Two-thirds of participants reported difficulty in seeing the yellow bars of the FDW visual 
ladder. Participants reported that this difficulty was due to a number of factors; the yellow bars 
did not attract their attention, the coloured bars and ladder were too small, the colour was too 
similar to the screen background, there was too much reflection and glare on the screen, and the 
VWD was positioned too far to the left which made the screen difficult to view. One participant 
also stated that they thought the yellow bars were green. 

Effectiveness 

Less than half (41.7%) of the participants found the yellow bars of the visual warning ladder 
effective in alerting them they were travelling too close to the car in front. One quarter of 
participants found the yellow bars ineffective in this respect. When asked why, the participants 
stated that; the screen is not in the field of vision, the colour is too light and there is no audio to 
alert you, and it was difficult to see.  

Visual warning – red bars and flashing FDW visual ladder 

Ease of use – red bars 

Most participants did not have any difficulty seeing the red bars of the FDW visual warning 
ladder (83.3%). Two participants (16.7%) did report difficulties with this. These two 
participants stated that; the red bars did not attract their attention, the VWD is in the wrong 
position which makes the screen difficult to view, and there was too much glare and reflection 
on the screen. 

Ease of use – flashing ladder 

One participant (8.3%) reported difficulty seeing the flashing ladder. The difficulty was due to 
the position of the screen which was too far over to the left, and the flashing ladder did not 
attract attention. 

Effectiveness – red bars 

Most participants felt the red bars were very effective (33.3%) or effective (41.7%) in alerting 
them that they were travelling too close to the car in front. One participant (8.3%) rated them as 
very ineffective. This was because the screen was not in that driver’s field of vision.  

Effectiveness – flashing ladder 

The majority of participants found the flashing ladder warning symbol very effective (25%) or 
effective (50%). Only one participant found the flashing ladder very ineffective (8.3%), and 
this was because it was not within their field of vision. 
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Audio warning 

Ease of use 

One participant (8.3%) reported difficulty hearing the FDW system audio warning. No reason 
was provided to explain that difficulty. 

Satisfaction 

More than half of the participants (58.3%) were satisfied with the sound of the FDW system 
audio warning. However, one third of participants were dissatisfied. These participants felt that 
the warning was too loud, irritating and a suggestion was made that the audio warning would 
be better if it was a lower tone or a voice warning. One participant felt it was too prone to being 
activated spuriously, e.g. by static signs, and another felt that it was annoying in busy traffic 
because of other traffic cutting in front of the car. 

Effectiveness 

Most participants found the audio warning of the FDW system very effective (58.3%) or 
effective (25%). None of the participants rated the audio warning as ineffective. 

Graded warnings 

Effectiveness 

The majority of the participants found the graded warning information very effective (16.7%) 
or effective (41.7%) in letting them know they were getting progressively closer to the car in 
front. One participant (8.3%) found the graded warnings ineffective, while another found them 
very ineffective (8.3%). Both participants felt that the audio warning occurred when they were 
too close to the vehicle in front, and one suggested having a graded auditory warning. Both 
reported trouble seeing the screen, one because it was in the wrong position, and one because 
he was concentrating on the road and not the screen. 

Satisfaction 

Three-quarters of the participants were satisfied with the sequence of FDW system warnings, 
however two participants (16.7%) were not. These participants were asked how they would 
redesign the system. One stated that the audio warning should happen in Stage 1, whereas the 
other did not want any audio warning at all. 

7.1.5 Seat Belt Reminder 

Usefulness 

Reported baseline seat belt wearing behaviour 
Almost all of the participants (21; 91.3%) reported always wearing a seatbelt when driving. The 
remaining participants reported often doing so (2; 8.7%). The participants that reported not 
always wearing a seat belt said they did not wear one when they were reversing from a 
driveway or car park. 

Most participants (14; 60.9%) reported always checking to see whether their passengers were 
wearing seatbelts. The remaining participants reported often (5; 21.7%), sometimes (3; 13.0%) 
or rarely (1; 4.35%) checking to see if their passengers were wearing a seat belt.  
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The most common reason chosen for not checking to see whether passengers were wearing 
seatbelts was that the participants assumed that their passengers would always put on their 
seatbelts. One participant chose the option, “I don’t think about it”. 

Extent to which participants felt that the SBR would be of use to them 
Participants rated the SBR system highly in terms of its usefulness. After training and prior to 
using the system, 31.6% rated it as always of use (rating of 5), with 52.6% giving it a rating of 
3 or above. At the end of the project after all participants had used the system, 42.1% rated the 
SBR as always of use, with 84.2% of participants giving a rating of 3 or above.  

At the end of the project, the treatment group participants’ median rating was 5 (always of use), 
which was significantly higher than that for the control group (median =3.5, z= 2.27, p=0.02). 
This difference between the groups in terms of the perceived usefulness of the SBR was not 
apparent in any of the three previous questionnaires. There was some slight evidence for an 
increase in ratings over time for the treatment group (Fr=6.39, p=0.09), which increased from 2 
to 5 over the course of the study. The median ratings for the control group remained consistent 
at around 3.5 for the whole study. For the participants who gave the system a rating of zero (no 
use), all indicated that their reason for not finding the system useful was that they always wore 
their seat belt anyway. 

Participants also rated the SBR highly in terms of its usefulness in letting drivers know that 
their passengers are not wearing seatbelts. The proportion that rated the system as always of use 
increased over time, from 47.4% at the beginning of the project to 68.4% at the end of the 
study. The proportion that gave the system a rating of 3 or above also increased from 79.0% to 
94.7%, however, this difference across time was not found to be statistically significant. 

For the few participants who felt that the system would be of no use in letting them know their 
passengers were not wearing seatbelts, their main reason was that they always checked that 
their passengers were wearing seatbelts. 

Extent to which participants felt the SBR would be useful for certain drivers and in certain 
driving situations 
Most participants agreed or strongly agreed that the SBR system would be of most use to 
drivers who forget to put their seat belts on (84.2%) and that it is a real necessity for people 
who do not put their seat belts on when travelling short distances (78.9%). 

Most participants disagreed or strongly disagreed that the SBR system is unnecessary when 
there are hardly any other cars on the road, and the mean rating varied from 0.21 (SD=0.42) at 
the beginning of the study to 0.74 (SD=0.65) at the end. These mean ratings lie between 
“strongly disagree” and “disagree”. There was a significant change in ratings over time for the 
control group (Fr=8.27, p=0.04), and some evidence for a change over time for the treatment 
group (Fr=6.65, p=0.08). This was due to a change in the level of disagreement; that is, a 
decrease in the proportion of participants who strongly disagreed, and an increase in the 
proportion that disagreed.  

Responses were mixed with regard to the need for SBR warnings while reversing. 
Approximately 58% of participants disagreed or strongly disagreed that warnings from the SBR 
were unnecessary while reversing, for the first three questionnaires that were administered, and 
this proportion was 47.4% for the final questionnaire at the end of the study. However, a 
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considerable proportion of participants agreed or strongly agreed that SBR warnings were not 
necessary when reversing (between 31.6% and 42.1%). 

The majority of participants (between 79.0% and 94.7%) agreed or strongly agreed that the 
SBR system will make it easier to encourage passengers to fasten their seat belts.  

Effectiveness 

Perceived effect of the Seat Belt Reminder system on seat belt use in particular speed zones 
and traffic environments 
Participants were asked what effect the SBR system would have on seat belt wearing for most 
drivers in several driving situations. Overall, participants generally believed that the SBR 
would increase seatbelt wearing when driving short distances (90.5%), in low traffic levels 
(78.7%), when travelling at speeds greater than 10km/h (78.7%) and at less than 10km/h 
(70.7%). The remainder of the participants believed there would be no change to seat belt 
wearing in these situations. 

Participants’ opinions were mixed as the effect of the SBR system on seat belt wearing while 
reversing. A little less than half (44.0%) of the participants believed there would be no change, 
while the remainder believed seat belt wearing would increase (56.0%).  

There was no evidence for a difference between the opinions of the treatment and control 
groups for these items, nor was there evidence for a change in opinion over time. 

Perceived effect of the Seat Belt Reminder system on seat belt use for drivers who do not 
wear seat belts for particular reasons 
No participant believed that the SBR system would decrease seat belt use for drivers who do 
not wear seatbelts. Participants were almost unanimous in thinking that the SBR system would 
increase seat belt use for drivers who forget to put on their seatbelts (97.4%).  

There was a trend for a change of opinion over time in the perceived effect of the SBR system 
on seat belt use for drivers who believe seat belts are too uncomfortable, who believe they are 
too fiddly, who believe they are a violation of freedom, who believe there is little chance of a 
fine for not wearing a seat belt, and who don’t believe that seat belts increase safety (refer to 
table 7.3). In all of these situations, prior to experience with the system, the majority of 
participants believed the SBR would increase seat belt use, however after they had experienced 
the system, more than half of the participants believed it would lead to no change in seatbelt 
wearing. The majority of participants reported, both before and after experience with the SBR 
system, that the SBR system would increase seatbelt wearing among drivers who cannot be 
bothered wearing a seatbelt. However, the number of participants who believed that the SBR 
system would not change seatbelt wearing among drivers who cannot be bothered wearing a 
seatbelt increased after experiencing the system.  

The decrease in the proportion of participants who believed seatbelt wearing would increase, 
and the corresponding increase in the proportion of participants who believed seatbelt wearing 
would not change was significant for the questions relating to drivers who believe seatbelts are 
too uncomfortable, believe seatbelts are too fiddly, believe there is little chance of receiving a 
fine, and believe that wearing seatbelts does not enhance safety. That is, participants felt the 
SBR system would be less effective for these drivers after the participants had experienced the 
system.  
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Table 7.3. Perceived effect of the SBR system on seatbelt wearing for particular types of 
drivers 

Effect on seat belt wearing 

Increase No change Decrease 

Drivers who:  

Beginning End Beginning End Beginning 
& End 

p-value for 
comparison 
over time 

Believe seatbelts 
are too 
uncomfortable 

73.7% 42.1% 26.3% 57.9% 0 0.01 

Believe seatbelts 
are too fiddly 

73.7% 47.4% 26.3% 52.6% 0 0.001 

Believe seatbelts 
are a violation of 
freedom 

52.6% 26.3% 47.4% 73.7% 0 0.18 

Can’t be bothered 
wearing seatbelts 

84.2% 63.2% 15.8% 36.8% 0 0.11 

Believe there is 
little chance of a 
fine for not 
wearing a seatbelt 

73.7% 42.1% 26.3% 57.9% 0 0.02 

Believe wearing 
seatbelts do not 
increase safety 

73.7% 42.1% 26.3% 57.9% 0 0.04 

 

Perceived potential for drivers to rely too strongly on the Seat Belt Reminder system 
A large proportion of participants disagreed or strongly disagreed that they would end up 
relying too strongly on the SBR system to remind them to fasten their seat belt (86.7%) or that 
after having experienced the SBR warnings, they would be likely to forget to put their seat belt 
on in cars without an SBR system (94.7%). 

Perceived impact of system reliability on participants’ trust in SBR warnings 
Almost two-thirds of participants (64.5%) agreed that they would lose trust in the SBR system 
if it issued false warnings. There was no evidence for a difference of opinion between groups or 
over time. 

Participants were asked if they would lose trust in the SBR system if it failed to issue warnings 
when it should. There was a significant change in ratings across the four questionnaires 
(Fr=16.23, p=0.001). The proportion that agreed or strongly agreed with this statement 
increased from 36.8% for the Preliminary time 2 questionnaire to 68.4% for the Interim time 3 
questionnaire which was implemented after they had experienced the system (p<0.02 for the 
comparison between Preliminary time 2 and Interim time 3). For the rest of the project, the 
majority of participants agreed or strongly agreed that they would lose trust in the system if it 
failed to issue warnings when it should.  

Perceived potential for distraction while receiving warnings from the SBR system 
Very few participants agreed that the warnings from the SBR system could distract them from 
their driving, affecting their safety and that of their passengers (6.6% on average). The majority 
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of participants did not agree that they could be distracted by the FDW (76.3% on average). 
There was no difference between the ratings given by the treatment group compared to the 
control group, nor any evidence of a change in ratings over time. 

Social Acceptability 

Participants’ opinions concerning the appropriate level of control for the Seat Belt Reminder 
system 
Participants were asked several questions regarding the level of control that the SBR system 
should have. Most participants (89.3%) disagreed or strongly disagreed that the SBR system in 
the TAC SafeCar takes too much control away from the driver.  

Most participants disagreed or strongly disagreed (60.0%) that they would prefer a system with 
more control that prevented the driver from starting the car if someone was not wearing a 
seatbelt. However, 21.3% of participants agreed or strongly agreed that they would prefer this 
higher level of control. 

The majority of participants (73.3%) did not want to be able to turn the system on or off as 
required, however 10.7% did want this feature. 

There was no evidence of a change in ratings over time for these items. 

Affordability 

Purchase – new and existing cars 
Participants were asked to nominate how much they would be willing to pay for purchase of the 
SBR system as part of a new car and for retrofit to an existing car. For both new and existing 
cars, participants reported being willing to pay between zero and $500, with $100 being the 
median of the amounts that participants reported. 

Maintenance/service – new and existing cars   
Participants were asked to nominate how much they would be willing to pay for yearly 
maintenance/service of the SBR system as part of new and existing cars. For both, participants 
reported being willing to pay between zero and $100. The median value was zero. 

Installation – existing car 
Participants reported being willing to pay between zero and $500 for installation of the SBR 
system into an existing car. The median amount that participants were willing to pay was 
$22.50. 

Interest in keeping the system 
The majority of participants were interested (43.2%) or very interested (35.1%) in keeping the 
SBR system. Only 8.1% of participants expressed disinterest in keeping the system. 
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Reasons for disinterest in keeping the SBR system 
One participant expressed disinterest because he and his passengers always wore seat belts, and 
so the SBR system was just an additional cost for no perceived gain. Another driver believed 
that SBR systems are the wrong approach, and that education regarding seat belt wearing 
should be emphasised. After using the system, one participant suggested that the reason they 
didn’t want to keep the SBR was that the display screen needed improving, while another 
wished to be able to disable the audio alarm, and commented that the driver’s seat belt warning 
should be activated by pressure like the other seats, rather than by the motor running. 

Reasons for interest in keeping the SBR system 
The many reasons that were given for participants’ interest in keeping the SBR system could be 
grouped into several main categories. Participants felt the system was useful when people 
forget to put on seat belts, and that it was a valuable driver and passenger reminder. Others 
noted the decreased risk of injury in a collision when all car occupants are wearing seat belts. 
Several participants noted how useful the SBR system was in alerting drivers that passengers, 
especially children, were not wearing seat belts.  

Usability 

Overall impressions: what participants liked, disliked and wanted to change about the SBR 
system 
Participants were asked to state what they liked, disliked and wanted to change about the SBR 
system.  

The drivers liked the following things about the SBR system: 

• Eight participants particularly liked the SBR system for alerting them to passengers 
(especially children) not wearing seatbelts 

• One driver liked that it doesn’t give an auditory warning until travelling faster than 10km/h, 
which gives them time to put their belt on 

• One driver liked the auditory warning when speeds were greater than 10km/h 

• Two drivers liked the visual display 

• One driver liked the combination of visual and audio warnings 

• One driver said that they liked the system because all passengers have the responsibility to 
wear a seatbelt, not just the driver 

 
The drivers disliked the following things about the SBR system: 

• Two drivers didn’t like that the warning occurs even when the car is stationary, when the 
engine is turned on 

• Two drivers thought the visual display was ineffective, and one of these drivers thought the 
image could be clearer 

• One driver didn’t like it that the system thought there was a passenger when there was a 
load in the back seat 

• Three drivers didn’t like the alarm; one said it was too loud 

• One disliked the progressively intense audio warnings as speed increased 
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The drivers suggested the following changes to improve the SBR system: 

• Three drivers wanted to be able to turn the system off 

• Two drivers want the system to warn only when the vehicle is moving 

• One driver wants the system to wait for 10 seconds after take-off before it becomes active 

• Two drivers want the sound changed 

• One driver wants the glare removed from the visual display screen 

• One driver wants to be able to tell which seat the person who is not wearing their seatbelt is 
sitting in 

Learnability 
Only one participant (4.8%) found it difficult to judge what the SBR warnings meant the first 
time they heard them. This participant reported that it was not easier to judge what the SBR 
warnings meant after they had experienced them a few times, because there was often sun glare 
on the screen. 

Visual warnings 

Ease of use 

Three participants (14.3%) reported difficulty seeing the SBR system flashing visual icon 
and/or caption on the VWD, while 17 participants (81.0%) did not have any difficulty. The 
participants who reported having difficulty seeing the SBR visual warning stated that the 
position of the VWD was an issue, being too far to the left, which makes the screen difficult to 
view. There was also too much glare on the screen, and the screen was too bright.  

Satisfaction 

All of the participants were satisfied with the look of the SBR visual warning graphics.  

Effectiveness 

Most participants felt that the SBR visual warning on its own was very effective (23.8%) or 
effective (52.4%) in alerting the driver that someone in the car was not wearing their seatbelt. 
Three participants (14.3%), however, felt the SBR visual warnings on their own were 
ineffective. These participants gave the following reasons: the screen was located out of the 
driver’s peripheral vision, lack of awareness of visual display and that due to the glare from the 
screen, one of the drivers prefers the audio warnings. 

Audio warnings 

Ease of use 

All of the participants reported that they had no difficulty hearing the audio warnings from the 
SBR system. 

Satisfaction 

Most of the participants (85.7%) were satisfied with the sound of the SBR audio warning, 
however three participants (14.3%) were dissatisfied. One felt that the audio warning needed to 
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be changed, another suggested that a verbal warning would be more “people friendly”, while 
the third wanted the minimum volume to be set lower than it was. 

Effectiveness 

The majority of participants found the system very effective (61.9%) or effective (23.8%) in 
alerting the driver that someone in the car was not wearing their seatbelt. Two participants 
(9.5%) however, found the system to be very ineffective. These two participants were asked 
why they found the system to be very ineffective. One participant appears to have misread the 
original question, as they stated that the SBR audio warnings immediately alerted them that 
someone in the car did not have their seatbelt on, which implies that they really thought the 
system was effective. The other participant found the noise annoying, particularly when a baby 
seat set the warning off.  

Effectiveness of graded audio warnings 

Almost half of the participants (47.6%) reported experiencing the audio warning occurring at a 
progressively faster rate as their travel speed increased. All of these participants said that the 
graded audio warning made them feel that it was more urgent for them (or their passengers) to 
fasten their seatbelt. 

Warning sequence 

Satisfaction 

Most participants (76.2%) reported being satisfied with the sequence in which the SBR 
warnings activated, however two participants (9.5%) were dissatisfied with the sequence. One 
of these participants commented that they would like the audio warning right from the 
beginning, in Stage 1, rather than it coming on later in Stage 2 as implemented in the SafeCar. 

7.1.6 Reverse Collision Warning 

7.1.6.a Usefulness 
In general, participants rated the RCW system highly in terms of its usefulness. The median 
rating was between 4 and 5, “always of use” for the ratings given at each of the four 
questionnaires. There was no evidence of a difference in ratings between the treatment group 
and the control group, or a change in ratings across time. 

Over time, only three participants rated the RCW system as of no use to them. The reasons 
given were that “the warning is not early enough” and the RCW is “infuriatingly inaccurate”. 
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Extent to which participants felt the RCW would be of use to them 
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Figure 7.10. “To what extent will the ISA system be of use to you?” Percentage of responses in 
each category for the treatment group and the control group. (0=no use, 5=always of use) 
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Effectiveness 

Perceived effect of RCW system on crash incidence and crash severity 
Between 79.0% and 94.4% of participants rated the RCW system as likely to decrease the 
incidence of crashes. Only one participant ever rated the system as likely to increase crashes. 
The remainder believed the RCW system would not have an effect on crash incidence (5.6% to 
15.8%). While most participants believed the RCW system would decrease the incidence of 
crashes, there were some differences between the ratings given by the treatment and control 
groups. For example, at the beginning of the study 100% of control group participants believed 
the incidence would decrease, compared to 81.8% of the treatment group (z=-2.53, p=0.01). At 
the end of the study, the opposite was found – 100% of treatment group participants believed 
crash incidence would decrease compared to 87.5% of the control group (z=2.29, p=0.02). 
Despite these significant differences between groups, the most compelling finding from this 
question was the large proportion of participants who believed the RCW system would 
decrease the incidence of crashes. There was no significant difference in ratings across time for 
either of the groups. 

The majority of participants believed the RCW system would decrease the severity of crashes 
(57.9% and 77.8%), while a reasonable proportion believed that crash severity would not 
change (21.1% to 36.8%). There was no significant difference between the ratings given by the 
treatment group and control group, nor any change in opinion over time. 

The proportion that believed that the RCW would be effective in decreasing the severity of 
crashes was smaller than the proportion who believed it would be effective in decreasing the 
incidence of crashes.  

More than half of the participants disagreed or strongly disagreed that they would end up 
relying too strongly on the RCW system rather than looking out for themselves while reversing 
(52.6% to 57.9%).  For the first three acceptability questionnaires, there was no difference 
between the ratings of the treatment group and the control group, however at the end of the 
project the opinions of the group were significantly different (z=-4.32, p<0.001). At that time, 
most of the treatment group (63.6%) participants disagreed that they will end up relying on the 
RCW when they are reversing, whereas 37.5% of the control group either agreed or strongly 
agreed, and a further 37.5% neither agreed nor disagreed. There was no significant change in 
opinion over time for either the control group or the treatment group participants.  
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Perceived potential for drivers to rely too strongly on the RCW system 
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Figure 7.11. “To what extent will you rely more on the RCW system than your own lookout 
while reversing?” Percentage of responses in each category, by group. (0=strongly disagree, 

1=disagree, 2=neither agree nor disagree, 3=agree, 4=strongly agree) 
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Perceived impact of system reliability on participants’ trust in RCW warnings 
Most participants agreed or strongly agreed that they would lost trust in the RCW system if it 
does not issue warnings when it should (73.7% to 84.2%). Few participants disagreed with this 
statement (5.3% to 10.5%).  

The majority of participants also agreed or strongly agreed that they would lose trust in the 
RCW system if it issued false warnings (73.7% to 79.0%). Only a small percentage of 
participants disagreed with this statement (5.3% to 15.8%). There was no evidence for a 
difference of opinion between groups or over time. 

Social Acceptability 

Participants’ opinions concerning the appropriate level of control for the RCW system 
Participants were asked several questions regarding the level of control that the RCW system 
should have. Most participants (between 73.7% and 84.2%) disagreed or strongly disagreed 
that the RCW system in the TAC SafeCar takes too much control away from the driver. Very 
few participants agreed that it took away too much control (0% to 5.3%).  

Most participants disagreed or strongly disagreed (between 78.9% and 84.2%) that they would 
prefer it if the RCW system made the decision for the driver and prevented them from reversing 
any further if they were at risk of reversing into another vehicle/object. Only 5.3% to 15.8% of 
participants agreed that they would prefer this higher level of control. 

The majority of participants (between 57.9% and 72.2%) did not want to be able to turn the 
system on or off as required, however 10.5% and 42.1% did want this feature. 

Affordability 

Purchase – new and existing cars 
Participants were asked to nominate how much they would be willing to pay for purchase of the 
RCW system as part of a new car and for retrofit to an existing car. For both new and existing 
cars, most participants reported being willing to pay values between zero and $500.  

For purchase of the RCW for new cars, there was a consistent, but non-significant trend for 
participants in the control group to report being willing to pay more than those in the treatment 
group. The median value that the control group reported being willing to pay ranged from $200 
to $275 over time, whereas the treatment group’s median values ranged from $50 to $150 over 
time.  

For purchase of the RCW to retrofit to an existing car, this trend was also apparent, although 
not statistically significant. The median price that the treatment group was willing to pay was 
$100, whereas that for the control group was $225.  

Maintenance/service – new and existing cars   
Participants were asked to nominate how much they would be willing to pay for yearly 
maintenance/service of the RCW system as part of new and existing cars. For both, the range of 
values that participants reported being willing to pay for yearly maintenance/service was 
between zero and $100, with most participants choosing values between zero and $50. The 
median amount that participants reported being willing to pay for maintenance of the RCW in 
either a new or existing car was zero. 
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Installation – existing car 
Participants reported being willing to pay between zero and $250 for installation of the RCW 
system into an existing car, with most participants reporting values between zero and $100. The 
median amount that participants were willing to pay was $45. 

Interest in keeping the system 
The majority of participants were interested (34.3%) or very interested (48.0%) in keeping the 
RCW system. Only 9.6% of participants expressed disinterest in keeping the system. 

Reasons for disinterest in keeping the RCW system 
Only two participants expressed disinterest in keeping the RCW system at any point during the 
study. The reasons they gave for their disinterest were varied: the system activates too late and 
is not accurate enough; they would like to be able to adjust the distance at which the warning 
occurs according to conditions; and one of the participants wanted to be able to turn the system 
on and off as required.  

Reasons for interest in keeping the RCW system 
The many reasons that were given for participants’ interest in keeping the RCW system could 
be grouped into several main categories. Participants felt the system was useful in car parks and 
the CBD, that it made reversing easier, increased awareness, saved time and stress, and was 
particularly good when rear visibility was poor. While some participants felt the RCW would 
make reversing safer, one participant reported that it was a useful tool but wouldn’t do much 
for safety.  

Usability 

Overall impressions: what participants liked, disliked and wanted to change about the RCW 
system 
Participants were asked to state what they liked, disliked and wanted to change about the RCW 
system.  

The drivers liked the following things about the RCW system: 

• Four participants liked that the RCW system gave them confidence in parking and reversing 

• Two drivers liked the audio warnings and sound levels 

• One driver liked the graduated warning 

• One driver liked that the system was simple 

• One driver liked that the number of accidents would decrease 

• One driver liked the current distance at which the system gives warnings 

 
The drivers disliked the following things about the RCW system: 

• Three didn’t like that the system does not turn off when a trailer is attached 

• Three drivers didn’t like that it gave false warnings when reversing out of driveways, and 
when it picked up objects to the side of the vehicle 
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• Two drivers didn’t like the audio warning 

• One driver disliked that there was no visual indicator 

• One driver wanted the system set to give warnings at greater distances from the object at 
the rear 

• One driver didn’t like that the system cannot distinguish between objects that are going to 
damage the car (e.g. concrete walls) and objects that won’t (e.g. shrubs) 

 
The drivers suggested the following changes to improve the RCW system: 

• Four drivers want a visual display, and another driver wants the location of the obstructing 
object displayed visually 

• Three drivers want to be able to turn the system off 

• Two drivers wanted the system to be more accurate, e.g. not to pick up side objects 

• One driver wants an adjustable volume, while another wants a softer beep or a different 
tone 

• One wanted the system to give warnings at greater distances  

• One driver felt the screen was too bright 

 

Learnability 
Two participants (9.5%) reported difficulty in judging what the warnings from the RCW 
system meant the first time that they heard them. One of these participants reported that they 
found it easier to judge what the warnings meant once they had heard them approximately 
twice. The other participant still found the warnings difficult to interpret after they had heard 
them a few times, and said that this difficulty was because of the propensity of the system to 
give false warnings due to bushes or a sloped driveway.  

Audio warning 

Ease of use 

None of the participants had difficulty hearing the audio warnings from the RCW system. 

Satisfaction 

None of the participants reported being dissatisfied with the sound of the RCW system audio 
warnings. 

Effectiveness 

Most of the participants felt that the graded warnings (i.e. warnings increasing in urgency as the 
driver gets closer to the object behind) were very effective (66.7%) or effective (19.1%) in 
helping them to reverse. One participant (4.8%) felt that the graded warnings were ineffective, 
and felt that the system needed to give earlier warnings. 
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Warning sequence 

Effectiveness and satisfaction 

The first level of audio warning began when the driver was within one metre from the object to 
the rear of the car. Three participants (14.3%) thought that the first level of audio warning was 
not presented at the appropriate distance from the object behind the car. These participants 
suggested that the RCW system should start to issue Level 1 warnings at two to three metres 
from the object behind. 

The final level of audio warning was a continuous tone that occurred when the car was within 
30cm from the object at the rear. Two participants (9.5%) did not think that this was an 
appropriate distance. One suggested that the distance be reduced to 10cm, while the other 
wanted the distance increased to one metre.  

7.2 WORKLOAD 

Participants were asked to rate the level of workload they experienced in several driving 
situations prior to the SafeCar systems becoming active, and then while the systems were 
issuing warnings.  

7.2.1 Intelligent Speed Adaptation 

Of the 15 participants in the group who were exposed to the ISA system, only 12 returned the 
questionnaire in which they were asked about their workload while receiving ISA warnings. Of 
these 12 treatment group participants, 2 had not received any warnings from ISA at the time of 
the workload questionnaire. The following data are from 10 participants in the treatment group 
who returned the relevant questionnaire, and who reported having experienced ISA warnings. 

There was no significant difference between the overall workload that participants experienced 
while driving prior to the ISA system being active, and the workload they experienced while 
driving and receiving warnings from the ISA system (p>.05). There was also no significant 
difference in workload while driving prior to ISA warning compared to driving and receiving 
ISA warnings for any of the six separate dimensions which contribute to the overall workload 
score (p>.05).  

Table 7.4. Ratings of workload (average and standard deviation) for each workload dimension 
while driving prior to, and while receiving warnings from, the Intelligent Speed Adaptation 
system. 

Average workload 
 

Workload dimension 

Driving prior to ISA 
system being active 

Driving while 
receiving ISA 

Warnings 

Results of the 
comparison using 
paired t tests, t (p-

value) 

Mental demand 42.5 (26.0) 37.0 (31.2) 0.46 (0.66) 
Physical demand 36.0 (24.5) 38.5 (28.1) 0.68 (0.66) 
Time demand 39.0 (20.8) 45.0 (23.5) 0.47 (0.76) 
Performance 39.0 (23.8) 31.0 (21.8) 0.22 (0.11) 
Effort 45.5 (23.6) 44.5 (26.8) 0.93 (0.47) 
Frustration Level 38.5 (29.7) 53.0 (22.5) -1.38 (0.20) 
Overall score 40.1 (20.3) 41.5 (18.5) 0.78 (0.61) 
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7.2.2 Following Distance Warning 

Of the 15 participants who were exposed to the FDW system, three did not return the relevant 
questionnaire/s, while another three participants failed to answer the questions relating to 
workload while following another car without the FDW system. The following data are from 
the 9 treatment group participants who completed the relevant questionnaires. All of these 9 
participants reported having experienced the FDW system.  

Table 7.5. Ratings of workload (average and standard deviation) for each workload dimension 
while following another car prior to, and while receiving warnings from, the Following 
Distance Warning system.  

Average workload Workload dimension 

Following prior to 
FDW system being 

active 

Driving while 
receiving Following 
Distance Warnings 

Results of the 
comparison using 
paired t tests, t (p-

value) 

Mental demand 54.4 (20.1) 40.0 (24.7) 1.36 (0.21) 
Physical demand 42.8 (19.7) 30.6 (21.7) 1.66 (0.14) 
Time demand 37.8 (28.5) 28.9 (22.6) 1.17 (0.28) 
Performance 23.9 (19.2) 36.7 (27.4) -2.05 (0.07) ~ 
Effort 48.9 (23.0) 49.4 (24.6) -0.17 (0.87) 
Frustration Level 39.4 (30.0) 62.2 (27.7) -2.85 (0.02) * 
Overall score 41.2 (18.0) 41.3 (15.3) -0.02 (0.98) 

Key: * denotes comparisons where a significant difference was found between the workload prior to the FDW system 
being active and workload while receiving warnings from the FDW system, while ~ denotes effects of possible 
interest.   
 

There was no significant difference in the overall workload that participants experienced while 
following another car prior to the FDW system being operational, and following a car while the 
FDW system was issuing warnings. In terms of the different dimensions of workload, there was 
no significant difference in mental, physical or time demand, or effort required. There was 
some evidence for a decrement in perceived performance when the FDW system was issuing 
warnings, although this did not reach the conventional .05 level of significance. Warnings from 
the FDW system, however, did cause a significant increase in the frustration level that the 
participants felt while driving behind another car, compared to when no warnings were present.  

7.2.3 Seat Belt Reminder 

All 23 participants completed the questionnaires relevant for the comparison between workload 
under baseline driving and workload while driving and receiving SBR warnings. Two 
participants in the control group reported not having experienced SBR warnings. Consequently, 
the following data are for 15 treatment group participants and 6 control group participants. 
There was some evidence for differences between the treatment and control groups, and so 
mixed two-way within-subjects analyses of variance were performed. 
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Table 7.6. Ratings of workload (average and standard deviation) for each workload dimension 
while driving prior to, and while receiving warnings from, the Seat Belt Reminder system.  

Average workload 
 

Driving prior to SBR 
system being active 

Driving while receiving 
SBR warnings 

Workload 
dimension 

Treatment Control Treatment Control 

Significant 
results from 
mixed 2-way 

within subjects 
ANOVA 

Mental demand 44.7 (23.2) 45.6 
(27.8) 

28.0 (24.8) 51.7 
(25.4) 

Interaction 
F(1,19)=4.53, 
p=0.047          * 

Physical demand 35.0 (21.4) 26.9 
(18.9) 

19.3 (17.1) 47.5 
(26.6) 

Interaction 
F(1,19)=8.13, 
p=0.01           * 

Time demand 42.0 (20.2) 37.5 
(17.9) 

28.7 (26.6) 49.2 
(27.8) 

Interaction 
F(1,19)=3.32, 
p=0.08            ~ 

Performance 37.3 (21.2) 20.0 
(12.8) 

24.0 (17.6) 42.5 
(32.2) 

Interaction 
F(1,19)=14.95, 
p=0.001           * 

Effort 44.7 (21.5) 31.3 
(22.3) 

25.7 (20.7) 40.8 
(23.8) 

Interaction 
F(1,19)=11.39, 
p=0.003           * 

Frustration Level 38.3 (25.8) 26.3 
(25.4) 

23.0 (16.9) 45.0 
(29.5) 

Interaction 
F(1,19)=8.23, 
p=0.01             * 

Overall score 40.3 (17.9) 31.3 
(17.8) 

24.8 (15.4) 46.1 
(25.4) 

Interaction 
F(1,19)=11.72, 
p=0.003           * 

Key: * denotes comparisons where a significant difference was found between the workload prior to the FDW system 
being active and workload while receiving warnings from the FDW system, while ~ denotes effects of possible 
interest.   
 

For the overall score and all but one of the dimensions (time demand) there was a significant 
interaction (refer to table 7.6 for the reported statistics) between group and warning level. Even 
for the time demand dimension, there was some evidence for an interaction, with a p-value of 
less than 0.10. This means that the effect of the SBR warnings on workload levels was different 
for the treatment group compared to the control group.  

These interactions were investigated further by determining if there was a change in ratings 
over time for the treatment group and control group separately. For each of the workload 
dimensions, the treatment group rated their workload while receiving SBR warnings as lower 
than their workload while driving without the SBR warnings. The treatment group rated their 
workload as significantly lower in terms of mental demand, physical demand, effort, frustration 
level and performance (p<0.05), and there was some evidence for a reduction in time demand 
with the SBR (p<0.10). There was also a significant decrease in overall workload for the 
treatment group participants (p<0.01). However, there was no evidence of a change in ratings 
across time for participants in the control group, despite a consistent trend for these participants 
to rate their workload as higher when experiencing SBR warnings than when driving prior to 
the systems being active. 
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7.2.4 Reverse Collision Warning 

In Interim Questionnaire time 1, participants were asked whether or not they had experienced 
reverse collision warnings. Two participants had not experienced warnings from the RCW 
system at this stage, while the remaining 21 participants reported having experienced the 
warnings.  

The workload level that these 21 participants reported experiencing while reversing prior to 
introduction of the reverse collision warning (RCW) was compared to workload while reverse 
collision warnings were being issued, using the Wilcoxon signed ranks test. Initial inspection of 
the results revealed no differences between the ratings given by participants in the treatment 
and control groups, so the data for all participants was pooled for these comparisons.  

 

Table 7.7. Ratings of workload (median, average and standard deviation) for each workload 
dimension while reversing prior to, and while receiving warnings from, the Reverse Collision 
Warning system.  

Average workload Workload 
dimension 

Reversing prior to 
RCW system being 

active 

Reversing while 
receiving Reverse 

Collision Warnings 

Results of the 
comparison using 

the Wilcoxon 
signed ranks test, z 

(p-value) 
Mental demand 65 

53.1 (30.2) 
25 

27.9 (18.6) 
3.41 (<0.001) * 

Physical demand 50 
41.4 (27.1) 

20 
27.1 (20.6) 

3.00 (.003) * 

Time demand 40 
37.4 (26.9) 

15 
23.8 (22.0) 

2.25 (0.025) * 

Performance 25 
29.5 (22.7) 

10 
16.9 (17.6) 

1.97 (.049) * 

Effort 50 
42.4 (25.8) 

30 
28.6 (20.6) 

2.74 (.006) * 

Frustration Level 25 
32.4 (28.0) 

15 
23.6 (24.3) 

1.57 (0.12) 

Overall score 38.3 
39.4 (23.8) 

26.7 
24.7 (16.3) 

2.96 (.003) * 

Key: * denotes comparisons where a significant difference was found between the workload prior to the RCW system 
being active and workload while receiving warnings from the RCW system.  
 

The workload level that participants reported while reversing was significantly lower while 
reverse collision warnings were being issued compared to the period when the reverse collision 
warning system was not operational. Participants rated mental demand, physical demand, time 
demand, and effort as significantly lower when the reverse collision warnings were operational, 
and they rated their performance as significantly better. There was, however, no significant 
difference between the frustration levels they felt while reversing with or without the reverse 
collision warnings active.  
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7.3 ATTITUDES AND OTHER FACTORS 

The questions relating to attitudes and other factors were in the questionnaires administered at 
the beginning of the study (Preliminary time 1) and the end of the study (Post questionnaire). 
Because the inferential analyses involved comparisons across time, only participants who 
returned both of these questionnaires were included in the analyses (11 treatment group 
participants and 8 control group participants). 

7.3.1 Driver behaviour 

Participants were asked how often they engaged in certain behaviours while driving. There was 
no difference between the reported behaviours of the treatment group and control group 
participants, nor was there any change in reported behaviour after experience with ITS.  

Risky behaviours 
The median response was that participants “never” engaged in the following risky behaviours; 
overtaking when the car in front is slowing down approaching an area with a lower speed limit, 
driving close to the car in front as a signal to its driver to go faster or to get out of the way, 
deliberately parking the car illegally in order to run an errand, parking against parking rules 
because you can’t find a parking space, deliberately turning onto a road just in front of an 
oncoming vehicle though there is no other traffic behind the oncoming vehicle, and cuting 
corners and occasionally cuting into the opposing lane when driving around sharp bends in 
rural areas. Apart from the final two, all of these behaviours are classed as violations by Lars 
and Aberg (1998), while the final two are classed as mistakes. 

For the remaining risky behaviours that were classed as violations, the median response was 
that participants “very seldom” engaged in these behaviours; deliberately disregarding the 
speed limit to stay with the traffic flow, speeding up to get through traffic lights when the lights 
are yellow or green, deliberately exceeding the speed limit on roads when there is little traffic, 
and deliberately exceeding the speed limit when overtaking. 

Misjudgements 
Several of the questionnaire items asked about mistakes involving misjudgements. The median 
response was that participants “never” committed the following: misjudged the gap to an 
oncoming vehicle when overtaking and were forced to just sweep in front of the vehicle being 
overtaken; turn right onto a road into the path of an oncoming vehicle that you hadn’t seen, or 
whose speed you misjudged; misjudge your own speed when turning from a road and have to 
slam on the brakes; misjudge the gap to an oncoming vehicle when you are turning right and 
force the oncoming vehicle to slam on the brakes; or underestimate the speed of an oncoming 
vehicle (in the opposite lane) when overtaking. The participants’ median response was that they 
“very seldom” misjudged the road surface and when braking find that the distance needed to 
stop is longer than expected. Participants also reported “very seldom” finding themselves 
driving to a wrong, but more frequently visited, destination.  

Inattention and Inexperience 
The remaining driver behaviour questionnaire items involved situations in which drivers miss 
things due to inattention, or forget things due to inexperience. Participants median responses 
were that they “very seldom” missed the following things due to inattention: a green arrow at 
traffic lights; a traffic light turning green; a newly put up sign (which because it was missed led 
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to the driver breaking a traffic rule); the exit on a freeway that they wanted to take (resulting in 
a lengthy detour). Participants also “very seldom” misread signs and found themselves lost or 
were uncertain where they parked their car. For the items involving forgetting to do things due 
to inexperience, participants’ median responses were that they “never” forget to loosen the park 
brake, intend to reverse but find that the car is moving forward because it is in the wrong gear, 
or switch on the wipers instead of the headlights, and “very seldom” forget to dip the lights 
when driving at night and are reminded to do so by other drivers flashing their lights. 

7.3.2 Awareness of road safety issues 

Effect of SBR  
Drivers were asked under what circumstances it was OK not to wear a seatbelt. There was no 
difference between the responses chosen by the treatment group and control group. Just over 
half of the participants (58%) believed that it was never OK not to wear a seatbelt. Over a third 
(36.8%) of participants thought it was OK not to wear a seatbelt while reversing. Three 
participants (15.8%) thought that seatbelts did not need to be worn when stop-start driving 
below 25km/h. There was no change over time in the proportion of drivers that chose these 
response options. However, there was some evidence of a reduction in the proportion of 
participants who thought it was OK not to wear a seatbelt when travelling at speeds below 
10km/h (p=0.08). Prior to experience with the SBR system, five participants (26.3%) said this 
was OK, whereas after using the SBR system, only 2 participants (10.5%) thought so. 

Effect of FDW 
Drivers were also asked what the recommended following distance is from the car in front. At 
the beginning of the study, there was no significant difference between the options chosen by 
the treatment and control groups. Most participants (68.4%) thought the recommended 
following distance was 2 seconds from the car in front, 15.8% thought it was 3 seconds, while 
the remaining 15.8% of participants believed it was 4 seconds. After the treatment group had 
experienced the FDW system, there was a significant change in opinion for participants in the 
treatment group, with all of them responding that the recommended following distance is 2 
seconds from the car in front (an increase of 45%, z=2.22, p=0.03). There was no such change 
in awareness over time for the control group participants, who had no experience of the FDW 
system. 

Contributory factors to crashes 
Participants were asked how often they thought that several factors contributed to crashes. The 
median responses are displayed in table 7.8, ranked in order of how often the factors were 
perceived to contribute. 
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Table 7.8. Drivers’ perception of how often different factors contribute to crashes: median 
responses 

How often factor contributes to crashes Factor 

Very often • Speeding,  

• Drink driving 

Often • Carelessness/negligent driving,  

• Drugs (other than alcohol),  

• Driver fatigue,  

• Inattention/lack of concentration,  

• Disregard of road rules,  

• Weather conditions,  

• Factors associated with youth,  

• Insufficient or lack of training,  

• Driving too close to other cars,  

• Distraction, 

• Ignorance of road rules 

Sometimes • Louts/showing off/risk-taking,  

• Road conditions/traffic congestion, 

• Factors associated with old age,  

• Lack of vehicle maintenance,  

• Poor road design and/or signage,  

• Failure to turn on headlights,  

• Too few police on road/lack of 
enforcement 

Sometimes/Rarely • Vehicle design 

 

Effect of driving behaviours on safety 

Participants were asked how safe or dangerous they perceived certain situations to be. The 
median responses are displayed in table 7.9, ranked in order of how dangerous the situations 
were perceived to be. 
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Table 7.9. Drivers’ perception of how dangerous different situations are: median responses 

How dangerous Situation 

Very dangerous • Driving long distances without a 
seatbelt,  

• Driving at 70km/h in a 50km/h zone,  

• Driving at 80km/h in a 60km/h zone,  

• Travelling more than 10km/h without a 
seatbelt in the front seat 

• Driving at 120km/h in a 100km/h zone 

• Travelling less than 2 seconds from the 
car in front in a 100km/h zone 

• Driving short distances without a 
seatbelt 

• Travelling more than 10km/h without a 
seatbelt in the back seat 

Between very dangerous and dangerous • Driving at 60km/h in a 50km/h zone 

Dangerous • Driving at 70km/h in a 60km/h zone 

• Travelling less than 2 seconds from the 
car in front in a 60km/h zone 

• Travelling less than 2 seconds from the 
car in front in a 50km/h zone 

• Travelling less than 10km/h without a 
seatbelt in the front seat 

• Travelling at 110km/h in a 100km/h 
zone 

• Travelling less than 10km/h without a 
seatbelt in the back seat 

• Travelling at 65km/h in a 60km/h zone 

• Travelling at 55km/h in a 50km/h zone 

Between dangerous and neither safe nor 
dangerous 

• Travelling at 105km/h in a 100km/h 
zone 

Neither safe nor dangerous • Not turning your headlights on during 
the day when driving conditions are 
good 

 

Driver perception of what constitutes speeding 
Participants were asked, regardless of what the law states, how many km/h over the limit they 
could drive before they would be considered to be speeding in 50km/h, 60km/h and 100km/h 
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zones. There was no difference in the opinions of the treatment and control groups, nor any 
change of opinion over time, and so the results are pooled over group and time in table 7.10.  

 

Table 7.10. How far over the speed limit can you drive before you are considered to be 
speeding? Percentage of respondents who chose each category. 

Speed zone Anything over 
the speed limit 

1-5km/h over 6-10km/h over 11-15km/h 
over 

50km/h 39.5% 34.2% 26.3% 0 

60km/h 39.5% 31.6% 29.0% 0 

100km/h 36.8% 13.2% 39.5% 10.5% 

 

Factors which influence the speed choice of drivers 
Participants were asked to choose the top three factors which influence the speed at which they 
drive. The results are presented in table 7.11, in terms of the proportion of drivers who chose 
each response. There was no difference in the opinions of the treatment and control groups, nor 
any change of opinion over time, and so the results are pooled over group and time. 

 

Table 7.11. Factors influencing the speed at which drivers drive.  

Factors influencing speed Percentage of drivers who placed this 
factor in their top three 

The road and weather conditions 92.1% 

The speed limit 86.8% 

The volume of traffic on the particular road 50% 

The speed of other traffic 28.9% 

My chances of having a crash 26.3% 

My chances of being caught 13.2% 

How much of a hurry I am in 5.3% 

Other factors 0 

Don’t know 0 
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Factors influencing how close drivers drive to the car in front 
Participants were asked to choose the top three factors which influence how close they drive to 
the car in front. The results are presented in table 7.12, in terms of the proportion of drivers 
who chose each response. There was no difference in the opinions of the treatment and control 
groups, nor any change of opinion over time, and so the results are pooled over group and time. 

 

Table 7.12. Factors influencing how close drivers drive to the car in front.  

Factors influencing choice of distance to 
the car in front 

Percentage of drivers who placed this 
factor in their top three 

The road and weather conditions 97.4% 

Desire to keep a 2 second gap  81.6% 

My chances of having a crash 63.2% 

The gaps other drivers are adopting 18.4% 

How much of a hurry I am in 10.5% 

Other factors 10.5% 

How good a driver I am 5.3% 

Don’t know 2.6% 

My chances of being caught tailgating 0 

 
 
 
Participants who chose the “other” response were asked to specify what the other factors were. 
These other factors were: 

• Traffic 

• Night-time 

• Traffic and speed 

• Volume of traffic 

 

Factors influencing when drivers turn on their headlights 
Participants were asked to choose the top three factors which influence when they choose to 
turn on their headlights. The results are presented in table 7.13, in terms of the proportion of 
drivers who chose each response. There was no difference in the opinions of the treatment and 
control groups, nor any change of opinion over time, and so the results are pooled over group 
and time. 
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Table 7.13. Factors influencing when drivers turn on their headlights 

Factors influencing when headlights are 
turned on 

Percentage of drivers who placed this 
factor in their top three 

It is night-time 89.5% 

When I want other road users to see me 73.7% 

When the street lights turn on 42.1% 

When it becomes hard to see others 42.1% 

When I can’t see the instrument panel 21.1% 

When I see other cars with headlights on 15.8% 

Other 10.5% 

Passenger tells me to 0 

Other cars flash me 0 

Don’t Know 0 

 

Participants who chose the “other” response were asked to specify what the other factors were. 
These other factors were: 

• Poor weather conditions 

• Just before dusk 

• Poor weather conditions 

• Poor weather conditions 

 

Awareness of road safety campaigns 
Participants were asked to indicate, from a list, which road safety campaigns they were aware 
of. The proportion of participants who recognised each campaign is shown in table 7.14. There 
was no difference between the treatment and control groups, nor any change over time, and so 
the results are pooled over group and time. 
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Table 7.14. Awareness of road safety campaigns 

Road safety campaign Percentage of drivers who recognised the 
campaign 

Wipe off 5 100% 

If you drink and drive you’re a bloody idiot 97.4% 

Stop, revive, survive 94.7% 

Don’t fool yourself, speed kills 92.1% 

A 15 minute powernap could save your life 92.1% 

Belt up or suffer the pain 84.2% 

Take a break, fatigue kills 76.3% 

Concentrate or Kill 52.6% 

Drive Safe 44.7% 

Operation Clampdown 13.2% 

Road Aware 5.3% 

 

 

Perceived likelihood of being caught by the police  
Participants were asked how likely it was for a driver to be caught by police for certain driving 
practices. The median response was that it was “very likely” to be caught travelling 20km/h 
over the speed limit, and “likely” to be caught if travelling 5km/h or 10km/h over the speed 
limit, driving without a seatbelt on, and driving without headlights on when required. 
Participants felt that being caught by the police for reversing in an unsafe manner was unlikely. 
For all of these driving situations, there was no difference between the responses of the 
treatment group and the control group, nor was there any change in opinion over time.  

There was one driving situation for which the perceived probability of being caught changed 
over time after experience with the ITS. After experience with the FDW system, participants in 
the treatment group felt that being caught by the police for travelling too close to the car in 
front was less likely than they did prior to using the system (median: unlikely compared with 
likely, (t(10)=2.65, p=0.02). There was no such change for participants without experience of 
the FDW system. 

7.3.3 Attitudes to driving behaviours 

Participants were asked to what extent they agreed or disagreed with a number of statements 
about driver behaviours related to speeding, following too closely, and not wearing seatbelts. In 
general, participants’ opinions reflected safe driving behaviours and they did not condone 
unsafe behaviours such as speeding, following too closely or not wearing seatbelts, in any 
situations.  

The ITS in the TAC SafeCar had little effect on drivers’ feelings towards these driver 
behaviours. There was one exception to this, where experience with one of the TAC SafeCar 
systems did appear to change drivers’ attitudes to driving behaviours. Most participants denied 
that it makes sense to tailgate when the driver in front is going too slowly. After using the FDW 
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system, the treatment group participants disagreed even more strongly with this statement 
(z=2.00, p<0.05), whereas there was no such change for the participants who had not 
experienced the FDW system. 

7.3.4 Attitudes to ITS 

Participants were asked questions about their attitudes to ITS technologies prior to, and after, 
experience with the systems. The median responses to the questions in this section are 
presented below. 

Intelligent speed adaptation systems  
Participants generally agreed that they would like a car that automatically warns drivers that 
they are exceeding the speed limit, however, they disagreed that they would like a car that 
stopped them from exceeding the speed limit.  

Following distance warning systems 

Participants generally agreed that they would like a car that warns if the driver is following too 
close to the car in front. Although at the beginning of the study, they also agreed that they 
wanted a car that stopped them following the car in front too closely, there was a significant 
change of opinion over time, and at the end of the study, the participants disagreed that they 
would like such a system (z=2.66, p=<0.01). 

Seatbelt reminder systems 

Participants agreed that they would like a system that alerted them if anyone in the car is not 
wearing a seatbelt. As for the FDW system, although at the beginning of the study participants 
wanted a car that prevented them from starting the car if someone in the car is not wearing a 
seatbelt, there was a significant change of opinion over time. At the end of the study, the 
participants disagreed that they would like such a system (z=2.01, p<0.05). 

Reverse collision warning systems 

In general, participants strongly agreed that they would like a system which automatically 
warns drivers if they are about to collide with an object while reversing. They also agreed, both 
before and after experience with the RCW, that they would like a car that prevented them 
colliding with an object while reversing, although the level of agreement was not as strong after 
experience with the ITS (z=2.24, p=0.02). 

Forward collision warning systems 

Participants also agreed that they would like a car that warns, and prevents, drivers that they are 
about to collide with a vehicle in front, and prevents such a collision. However, as for the RCW 
system, the level of agreement for a preventive system was not as strong after experience with 
ITS (z=2.49, p=0.01). 

BAC warning systems 

Prior to ITS experience, participants also strongly agreed that they would like to be 
automatically warned if their blood alcohol concentration (BAC) is over 0.05, and that they 
would like a system that prevented them from starting the car if in this situation. At the end of 
the study, participants were still in agreement that they would like this type of system, however 
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the level of agreement had decreased significantly, and the median response was “agree” rather 
than “strongly agree” (z=2.13, p=0.03, and z=2.23, p=0.03, respectively). 

Fatigue warning systems 

Participants also agreed that they would like a car that warns them if they are becoming 
fatigued. The participants agreed both prior to, and after experience with the systems, although 
the level of agreement decreased significantly over time (F(1,17)=10.21). At the beginning of 
the study, participants neither agreed nor disagreed that they would like a car that pulled over 
and parked itself if it detected the driver becoming fatigued. However by the end of the study, 
participants disagreed that they would like such a system (F(1,17)=6.06, p=0.03). 

Lane departure warning systems 

Participants agreed that they would like a car that warned them they are starting to drift out of 
their lane, however they neither agreed nor disagreed that they would like the system to prevent 
them drifting out of their lane.  

Other ITS 

Participants agreed that they would like a car that; gives them turn by turn instructions on how 
to get from one location to another, lets drivers see pedestrians and road users more clearly at 
night, dials for and sends an ambulance in the event of a crash, and prevents the car being 
started by someone not licensed to drive. 
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CHAPTER 8 GENERAL DISCUSSION 

 

8.1 INTRODUCTION 

The ultimate aims of the SafeCar project were to stimulate demand in Australia for in-vehicle 
ITS technologies that are estimated to have high safety potential and to reduce road trauma 
through the use of these technologies. The current report documents the outcomes of Phases 3 
and 4 of the project, which involved the fitment of a range of in-vehicle ITS systems to 15 
passenger cars and an on-road evaluation of these technologies. Phase 4 also involved a 
simulator evaluation of two variants of the Intelligent Speed Adaptation, one of which was 
identical functionally to that fitted to the on-road vehicles. The findings from the simulator 
evaluation are contained in a companion document provided to the TAC. The on-road trial, 
which is the focus of the current report, aimed to assess the technical operation of a range of 
ITS technologies, evaluate driver acceptance of them, and investigate the separate and 
combined effects of the technologies on driving performance and safety.  

The project was conducted in four phases. Phase 1 of the project culminated in the selection of 
several in-vehicle ITS technologies that were considered at the time to have the potential to 
significantly reduce road trauma in Victoria.  Phase 2 involved the development of functional 
and Human Machine Interface specifications for these ITS systems, the purchase and/or 
development of them, the fitment of them to two Ford demonstration vehicles, and testing of 
the technologies for usability and reliability. In Phase 3, 15 Ford passenger cars were equipped 
with four ITS technologies: Intelligent Speed Adaptation (ISA); Following Distance Warning 
(FDW); Seatbelt Reminder (SBR); and Reverse Collision Warning (RCW). During this Phase, 
the systems were also tested for acceptance against the original specifications. In Phase 4, an 
on-road evaluation of the four technologies as well as a simulator evaluation of two variants of 
ISA were conducted. The on-road trial aimed to assess the technical operation of the ITS 
technologies, evaluate driver acceptance of them, and investigate the separate and combined 
effects of the technologies on driving performance and safety. The SafeCar on-road trial is 
unique in that it is the first study, known to the authors, to have systematically examined the 
interactive effects on driving performance of exposure to ISA in conjunction with other ITS 
technologies. It is also the first study, known to the authors, to have examined the effects on 
driving performance of long-term exposure to SBR and FDW systems.  

Fifteen specially equipped vehicles were sub-leased to nine public and private company vehicle 
fleets in and around Melbourne, and each of 23 drivers was exclusively dedicated to driving 
one of these vehicles for a distance of at least 16,500 kilometres. Only drivers who drove 
approximately 40,000 kilometres per year were included in the trial to control and minimise the 
amount of time drivers were exposed to the SafeCar systems. The SafeCars were equipped with 
four ITS technologies: ISA; FDW; a SBR system and a RCW system. For the purposes of the 
study, the four ITS technologies in the vehicles were divided into two groups: “key” systems 
and “background” systems. The key systems were ISA and FDW, and the background systems 
were the SBR and RCW systems. All participants, regardless of whether they were in the 
treatment or control group, were exposed to the background systems. However, only the 
treatment participants were exposed to the key systems. The order in which drivers were 
exposed to the key systems was counterbalanced across participants. 

It was predicted that use of the ISA systems would reduce mean, maximum and 85th percentile 
speeds and speed variability. It was also anticipated that drivers would spend a smaller 
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proportion of their driving time at speeds above the speed limit and reduce the number and 
duration of risky driving episodes (defined in this study as exceeding the speed limit by 5 km/h 
or more and following the vehicle ahead at 1.1 seconds time headway or less) engaged in when 
the ISA system was active. It was anticipated that mean travel time would not change 
significantly when the ISA system was active.  

With regard to the FDW system, it was expected that mean time headway and the average 
minimum time headway reached per trip would increase and that drivers would spend less time 
at unsafe headways (defined in this study as being less than 1.1 seconds) when the FDW 
system was active. It was also predicted that the standard deviation of time headway would 
decrease when the FDW system was active. Moreover, it was expected that the ISA and FDW 
systems would have a greater effect on speed and time headway at night and for younger 
drivers. It was also anticipated that the predicted speed reductions and time headway increases 
would remain temporarily when the ISA system was deactivated, but that this effect would 
dissipate over time.  

When the SBR system was active, it was predicted that the percentage of trips undertaken 
where an occupant was unbuckled for any part of the trip and the percentage of driving distance 
spent unrestrained would decrease. It was also expected that the average time taken to buckle a 
seatbelt from the onset of the SBR warnings would decrease when the SBR system was active. 
Finally, it was expected that the amount of time drivers spent travelling at dangerous speeds 
(defined in this study as being above 40 km/h) would decrease when the SBR system was 
active. 

A number of interaction effects between systems were also hypothesized. First, it was expected 
that the ISA and FDW systems, when active together (even though they did not issue 
simultaneous warnings), would have a greater effect on reducing speeds and increasing time 
headways than the ISA system on its own. It was also expected that, for the treatment drivers, 
the average peak speeds reached before buckling up would be lower when both the ISA and 
SBR systems were active than when SBR alone was active. 

Overall, the results of the on-road trial revealed that the ISA, FDW, and SBR systems had a 
positive effect on driving performance. The ISA system reduced mean, maximum and 85th 
percentile speeds, and reduced speed variability in most speed zones. The system also reduced 
the percentage of time drivers spent travelling above the speed limit, but did not increase travel 
times. The FDW system significantly increased mean time headway and reduced time headway 
variability. Driver interaction with the SBR system led to large decreases in the percentage of 
trips where occupants were unbelted, in the percentage of total driving time spent unbelted, and 
in the time taken to fasten a seat belt in response to the seatbelt warnings. The ISA system 
appeared to be most effective in reducing speeding when combined with the FDW system; 
however, in terms of following behaviour, these two systems combined were no more effective 
than FDW alone in increasing time headways. In addition, the ISA and FDW systems appeared 
to be equally effective at night and during the day, and the effectiveness of the systems did not 
differ significantly between drivers younger than 45 years and those aged 45 years and older. 
There was also little evidence of any negative behavioural adaptation to the systems; that is, 
drivers did not appear to engage in increased risk taking when interacting with the SafeCar 
systems. The ISA, FDW, SBR and RCW systems were also generally rated as being useful, 
effective and socially acceptable and did not increase subjective workload. The main findings 
from each of the SafeCar systems are discussed in the following sections.  
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8.2 LOGGED DRIVING DATA 

8.2.1 Baseline Driving Behaviour 

Driving behaviour during the baseline periods (Before 1 and 2), when the key SafeCar systems 
(ISA and FDW) were not active, was examined across treatment and control drivers and 
periods to determine if there were any differences in driving behaviour across driver groups and 
if the activation of the SBR and RCW systems affected driving performance. Comparisons 
between the treatment and control drivers revealed no significant differences in car following 
and seatbelt wearing behaviours in the baseline periods. However, the control drivers drove 
slightly faster overall (2 km/h faster) than the treatment drivers in the baseline periods, 
although this difference was only found to be significant in 60 and 70 km/h zones and their 
mean speeds were still below the speed limit. Although the control drivers appeared to be a 
little less conservative than the treatment drivers in terms of speeding behaviour in some speed 
zones, overall the driving behaviour of these two groups was comparable. This finding is 
positive, as it suggests that the treatment effects observed in the study are unlikely to have been 
attributable to baseline differences in driving performances between the two driver groups. 

It was initially expected that, due to an increased awareness that their driving was being 
monitored, there would be an improvement in the treatment and control drivers’ driving 
behaviour, in terms of minor reductions in speed and increased following distance when the 
SBR and RCW systems were first activated in the Before 2 period. However, the results 
revealed no differences in time headways across the Before 1 and Before 2 periods and also 
revealed that drivers drove significantly faster (although only slightly faster) in 50 km/h zones 
in the Before 2 period compared to the Before 1 period. Speeds did not differ across the Before 
1 and 2 periods in other speed zones. One reason why the activation of the SBR and RCW 
systems had little effect on improving drivers’ following distance and speeding behaviour is 
because the drivers may already have been aware that their driving was being monitored. 
Indeed, participants were informed during their briefing and training session that their driving 
would be monitored during the entire trial, including the Before 1 period. The activation of 
some system warnings in the Before 2 period may have done little to reinforce the fact that they 
were being monitored and, thus, the participants did not change their behaviour in response to 
these warnings being activated. It is not clear, however, why drivers increased their speed in 50 
km/h zones when the SBR and RCW systems were turned on. It is possible that this result is the 
product of time rather than activation of the SBR and RCW systems. For example, drivers may 
have been less concerned over time about being monitored by the systems and, thus, drove in a 
less conservative manner in the Before 2 period than they did in the Before 1 period; although 
why this should have been so only in 50 km/h zones is not clear.  

8.2.2 Intelligent Speed Adaptation 

8.2.2.a Mean Speed 

As expected, there was a trend for the treatment drivers’ mean free-flow speeds to be lower 
when the ISA system was active compared to when no ISA system was active. However, 
statistically significant reductions in mean speeds when ISA was active were only evident in 60 
and 100 km/h speed zones when ISA alone was active, and in 50, 60, 70 and 80 km/h zones 
when both ISA and FDW combined were active. The treatment participants’ mean speeds in 
these speed zones were up to 1.4 and 1.5 km/h slower when the ISA system alone and ISA and 
FDW combined were active, respectively. No corresponding reduction in mean speeds were 
evident across the control drivers’ trial, suggesting that the reductions in mean speeds found 
were due to the effect of the ISA system and not to other, uncontrolled variables. It was initially 
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expected that the control drivers would demonstrate a small reduction in mean speed over the 
course of the trial due to the presence of the SBR and RCW systems and the resultant 
awareness that their driving behaviour is being monitored. However, the control drivers mean 
speeds remained fairly constant over the duration of their trial, suggesting that the presence of 
the SBR and RCW did not influence their speeding behaviour. This may be because drivers 
were aware from the start of the trial that their driving was being monitored and the presence of 
the warnings system did little to reinforce this knowledge.  

The speed reduction benefits of ISA have been established in numerous other studies 
(Brookhuis & de Waard, 1999; Hjälmdahl et al., 2002; Lahrmann et al., 2001; Sundberg, 2001; 
Várhelyi, et al., 2002). Previous ISA research has typically found mean speed reductions of 
between 2 and 8 km/h, depending on the road type, when using ISA alerting systems. Although 
statistically significant, the reductions in mean speeds deriving from use of the ISA system in 
the current study tended to be in the order of 1 to 1.5 km/h depending on the speed zone. These 
reductions are lower than the reductions in mean speed found in other ISA evaluations 
(Hjälmdahl et al., 2002; Lahrmann et al., 2001; Sundberg, 2001; Várhelyi, et al., 2002). One 
explanation why the mean speed reductions found in the current study were lower than those 
found in previous research is that during the trial a speed enforcement and advertising 
campaign, involving lower over-speed tolerances and an increase in the number of speed 
cameras, was implemented in Victoria which led to population-wide reductions in mean speeds 
of up to 1 km/h in some speed zones (VicRoads, 2005). It is possible that these overall 
reductions in speed brought about by the speed campaign attenuated the effects of the ISA 
system. Another reason why the mean speed reductions found in the current study were not as 
large as those found in other research is that the drivers in this study were quite conservative 
and their mean speeds before the ISA system was active were below the speed limit. Therefore, 
there may have been relatively little opportunity for the ISA system to affect speeds given that 
drivers were already travelling below the speed limit. This conservatism may simply have been 
intrinsic to the drivers who volunteered for the study (e.g., they may have volunteered because 
they were safety conscious) or it may have resulted from drivers having been made aware by 
the researchers that their driving behaviour was being monitored constantly throughout the trial 
and that any instances of sustained dangerous driving would be reported to the TAC. Finally, it 
appears from the data that the use of the ISA system truncated both ends of the speed 
distribution; not only were higher speeds reduced, but lower speeds were increased (that is, 
drivers spent less time driving at speeds well below the speed limit). As a result, net mean 
speed reductions were small. This finding is supported by the speed variability data, which 
showed that speed was less variable when the ISA system was active. 

It was predicted that, because mean speeds are higher during the day compared with at night 
and that younger drivers tend to speed more than older drivers, that the ISA system would be 
more effective at reducing mean speeds during the day and for younger drivers. However, the 
results revealed that the ISA system was equally effective in reducing mean speeds at night and 
during the day, and across drivers of different ages. All the drivers included in the study were 
experienced drivers and the age ranges examined included drivers aged 45 years and under and 
drivers aged over 45 years. Hence, the younger driver group did not consist of what are 
normally considered ‘younger’ drivers (i.e., drivers younger than 25 years). It is possible that 
age-related differences in the effectiveness of the ISA system might have been found if a 
greater number of younger drivers were included in the study. 

It was also predicted that younger drivers would drive faster than older drivers and, hence, that 
ISA would have a greater effect in reducing the mean speed of younger drivers. Whilst there is 
some evidence that younger drivers drove faster than older drivers across all periods, this 
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difference was small and occurred in only two speed zones. Consequently, overall ISA was not 
more effective in reducing mean speed for younger drivers than for older drivers. 

Finally, the effectiveness of the ISA system in increasing mean speeds did not differ across 
drivers who had different driving styles or different attitudes to ITS, safe driving behaviours or 
willingness to keep ISA. In contrast, previous research by Hjälmdahl (2004) has found that 
drivers who did not want to keep the ISA system at the end of the trial drove significantly faster 
both before and during interaction with ISA than did drivers who wanted to keep the system. 
One reason why no differences were found across these driving groups may be because the 
drivers all held similar opinions towards safe driving behaviour and the willingness to keep ISA 
and all had similar driving styles. Therefore, there may not have been a wide enough range of 
attitudes or driving styles to detect any differences in the effectiveness of ISA across drivers 
with different attitudes or driving styles.  

8.2.2.b Standard Deviation of Speed 
As predicted, the ISA system was effective in reducing speed standard deviation in all speed 
zones examined. The ISA system alone was effective in reducing speed standard deviation, by 
up to 1.1 km/h, in all five speed zones examined; the ISA and FDW systems combined were 
effective in reducing the standard deviation of speed, by up to 1.1 km/h, in 50, 60, 70 and 80 
km/h zones. This finding is consistent with previous on-road studies examining ISA alerting 
systems which have reported reductions in speed variance when driving with ISA (Brookhuis 
& de Waard, 1999; Hjälmdahl et al., 2002). Based on the speed data, it appears that the 
reductions in speed variability were primarily due to decreases in higher speeds. However, 
drivers also spent less time at speeds well below the speed limit and this would also have 
contributed to the reductions in speed variability. Indeed, when the data was examined for each 
driver individually, there was evidence that those drivers who drove well below the speed limit 
in the baseline periods increased their speeds slightly when the ISA system was active, 
suggesting that these drivers may have been using the system as a kind of semi-automated 
cruise control device. Similar behaviours in response to ISA have been observed previously 
(e.g., Hjälmdahl, 2004), and it might be argued that such behaviours are evidence of negative 
behavioural adaptation to the system. Whilst this may be so, it appears that, on balance, the 
system has a net positive influence on driver behaviour.   

8.2.2.c Mean Travel Time 
It was expected that mean travel times would not change with use of the ISA system due to 
decreases in speed variability, and the results of the study support this hypothesis. Only 
commuter trips to and from work, which were assumed to be approximately the same length 
each day, were examined in order to allow for more accurate estimates of whether and how the 
ISA system affects trip times. This finding is very positive as it indicates that, even though ISA 
decreases speeds, these decreases do not translate into increased trip times, which may be 
undesirable to drivers. It is also interesting to note that this finding was consistent with the 
drivers’ subjective estimates that use of the ISA system did not increase their travel times. 
Previous research has revealed mixed findings regarding the effects of ISA on travel times. 
Some studies have found increases in travel times with the use of ISA, particularly ISA limiting 
systems (Almqvist et al., 1995; Varhelyi et al., 2001), while others have found no change or, 
for some road types, even a decrease in travel times when using ISA (Hjämldahl, 2004).  
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8.2.2.d Maximum and 85th Percentile Speeds  
Interestingly, the ISA system was more effective in reducing highest speeds, such as maximum 
and 85th percentile speeds, than in reducing mean speeds. As predicted, the ISA system alone, 
and the ISA and FDW systems combined, were effective in reducing treatment drivers’ 85th 
percentile speed, with the combined system leading to the greatest reductions. When ISA alone 
was active, 85th percentile speed reduced significantly (by up to 2.7 km/h) in 50, 60, 70 and 
100km/h zones. When the ISA and FDW systems combined were active, 85th percentile speed 
reduced significantly (by up to 3.0 km/h) in 50, 60 and 70 km/h zones. No corresponding 
reduction in 85th percentile speed was evident across the control drivers’ trial, indicating that 
the reductions in 85th percentile speed were due to the effect of the SafeCar systems and not to 
other, uncontrolled variables.  

Similarly, both the ISA system alone and the ISA and FDW systems combined were effective 
in reducing the maximum speed reached per trip. The reductions for ISA alone were significant 
in the 50, 70, 80 and 100 km/h speed zones and reduced by up 2.6 km/h. When the ISA and 
FDW systems combined were active, the maximum speed reached per trip reduced 
significantly in 60 and 70 km/h speed zones, by up to 2.5 km/h. Again, no corresponding 
reduction in maximum speeds was evident across the control drivers’ trial, indicating that the 
reductions in maximum speed were due to the effect of the SafeCar systems.  

The observed reductions in maximum and 85th percentile speed when using ISA are consistent 
with the results of previous on-road and simulator studies, which have found that ISA systems 
are particularly effective at reducing highest speeds (Hjämldahl, 2004). Previous studies have 
found reductions of up to 15 km/h in maximum speed and up to 8 km/h in 85th percentile speed 
on certain road types when using an ISA system (Lahrmann et al, 2001; Vägverket, 2003b; 
Várhelyi et al., 1998). The relatively smaller reductions observed in this study may be 
attributable to those same factors mentioned previously that were hypothesized to account for 
the relatively smaller reductions in mean speed observed in this study.    

8.2.2.e Percentage of Time Spent Above the Speed Limit 
The percentage of total driving time spent above the speed limit was examined for three speed 
thresholds - 2, 5 and 10 km/h at or above the limit - to determine if use of the ISA system 
influenced the amount of time drivers spent exceeding the speed limit. The 2 km/h over speed 
threshold was examined in particular, as this is the threshold at which the ISA system 
commenced issuing speed warnings. The 5 and 10 km/h over speed thresholds were examined 
to determine the amount of time drivers spent engaging in mild and moderate over-speeding. 
Both free-flow speeds (time headway was equal to 3 seconds or more) and constrained speeds 
(time headway was equal to or less than 2 seconds) were examined, as it was believed that the 
opportunity to speed would be different across these two speed conditions. As was expected, 
the ISA system, both alone and combined with FDW, was very effective in reducing the 
proportion of time the treatment drivers spent (relative to control drivers) travelling at and 
above the speed limit in all speed zones under free-flow conditions. The ISA system was also 
effective in reducing the amount of time spent travelling 2, 5 and 10 km/h at or above the speed 
limit when the ability to speed was constrained by surrounding traffic. However, when speeds 
were constrained, the ISA system alone did not affect the amount of time spent 10 km/h or 
more above the speed limit in any speed zone. 

Under free-flow conditions, when the ISA system alone was active, the average reductions 
across speed zones in the percentage of time spent travelling 2, 5 and 10 km/h or more over the 
speed limit were 47, 57 and 57 percent, respectively. When the ISA and FDW systems 
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combined were active, the comparable reductions in the percentage of time spent travelling 2, 5 
and 10 km/h or more over the speed limit were 51, 64 and 65 percent, respectively. Under 
constrained conditions, the comparable reductions in the percentage of time spent travelling 2, 
and 5 km/h or more over the speed limit were 50 and 62 percent, respectively, when ISA alone 
was active. When both ISA and FDW were active under constrained conditions, the percentage 
of time spent travelling 2, 5 and 10 km/h or more over the speed limit reduced by 51, 59 and 51 
percent, respectively. Under constrained conditions, the ISA system alone was not effective in 
reducing the amount of time spent 10 km/h or more above the speed limit. This latter result is 
not surprising given that, when constrained by other traffic, drivers would likely have little 
opportunity to exceed the speed limit by excessive amounts and, thus, ISA would have little 
opportunity to influence speeds further. Indeed, drivers only spent, on average, 2 percent of 
their driving time at speeds 10 km/h or more above the speed limit under constrained 
conditions. Overall, it appears that the combined system was slightly more effective in reducing 
excessive speeds than ISA alone and that, on balance, ISA was similarly effective (with or 
without FDW) in conditions of free flow and constrained speed.  The percentage reductions 
indicated above are noteworthy and suggest that ISA systems have significant potential in 
reducing speeding behaviour in the population. Given what is known about the links between 
speeding and injury on the roads, these reductions are indeed impressive.   

Generally, these findings are in line with previous ISA research, which has also found that use 
of an ISA system reduces the amount of time drivers spend exceeding the speed limit 
(Lahrmann et al., 2001; Vagverket, 2003a). Lahrmann at el., for example, found that the 85th 
percentile of speed violations decreased by 4 to 7 km/h, depending on the speed zone, when the 
informative ISA system was active.  

8.2.2.f Risky Driving Episodes 
Risky driving episodes were defined as any segment of driving where a driver exceeded the 
posted speed limit by 5 km/h or more while following the vehicle ahead at a time headway of 
1.1 seconds or less. It was initially predicted that use of the ISA system would reduce the 
number and duration of risky driving episodes engaged in by drivers. However, the results 
revealed that neither the ISA system alone nor the ISA and FDW systems combined were 
effective in significantly reducing the number or duration of risky driving episodes engaged in 
by treatment drivers. Use of the FDW system alone significantly reduced the number, but not 
the duration, of risky driving episodes engaged in by the treatment drivers, although this was 
found only for 50 km/h zones. 

One reason why the ISA system, alone or when combined with FDW, did not influence the 
number or duration of risky driving episodes engaged in by drivers may be because the number 
of risky driving episodes engaged in during the ISA periods was small to begin with (1 to 2 
episodes per driving period) and, thus, the ISA system had little opportunity to influence risky 
driving. It is not clear why the FDW system alone, but not the ISA or ISA and FDW systems 
combined, reduced the number of risky driving episodes engaged in by drivers – at least in 50 
km/h zones. One reason may be that, as supported by the subjective data, the FDW system was 
seen as more aggressive than the ISA system and, hence, drivers were more motivated to avoid 
these warnings than the ISA warnings. 

8.2.2.g Overall Effectiveness of ISA 

Although the speed data in the current study were examined for five different speed zones (50, 
60, 70, 80 and 100 km/h), the speed reduction benefits of ISA observed were not equal across 
all speed zones. The ISA system appeared to be particularly effective in 60 km/h zones in terms 
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of the number of significant speed reductions found in this zone across the different speed 
measures compared to other zones and the magnitude of the speed reductions found. The 
finding that ISA has a differential effect on speed across different road speed zones is not 
isolated to the current study. Previous research has also found significant effects of ISA alerting 
systems on mean speeds in some speed zones/road types, but not others (Hjämldahl et al, 2002; 
Paatalo et al., 2002; Várhelyi et al., 1999). An on-road study by Hjämldahl and colleagues in 
the Swedish city of Lund, for example, found that the ISA actively supporting system trialed 
had the greatest effects on speed reduction on Arterial roads, but had no effect on speeds in 
built-up/Residential roads (Hjämldahl, 2004).  

The differential effects of ISA in different speed zones or road types could be caused by a 
number of factors: the distance travelled in each speed zone relative to other zones (i.e., the 
greater the distance travelled in a zone, the more opportunity ISA has to influence speed in that 
zone); the different traffic conditions and infrastructure present in each speed zone/road type 
that can either constrain or encourage speeding, and/or the drivers initial speeds in a particular 
zone before experiencing ISA (i.e., if drivers do not speed in certain zones, then there will be 
little opportunity for ISA to influence speed in these zones). The treatment drivers spent a large 
proportion (around 30%) of their driving time in 60 km/h zones over the duration of the trial 
and, thus, ISA had ample opportunity to influence speeds in these zones. In addition, mean 
speeds were closest to the speed limit in the 60km/h speed zones. Thus, ISA may have had 
more opportunity in this zone to influence speed compared to the other zones. Indeed, for those 
speed zones in which relatively few significant effects of ISA were found, mean speeds were 
already well below the speed limit and, hence, there was little opportunity for the ISA systems 
to issue warnings and influence speed.   

As was expected, the ISA system appeared to be more effective in reducing speeding when 
combined with the FDW system, than when active on its own. One reason that the combined 
systems had a greater effect on speed may be because the expected driver response to the FDW 
warnings is to slow down temporarily to increase the distance from the vehicle ahead, which 
would have further decreased mean speeds; although, interestingly, FDW on its own was not 
effective in reducing mean speed. Another possible reason why both systems combined had a 
greater effect on speed is that drivers received warnings from more than one system in a driving 
period; this may have provided them with an extra incentive to drive in a safer manner. As 
noted, use of the FDW system alone, however, did not influence speeds. This may be because, 
although drivers were expected to reduce speed in response to the FDW warnings in order to 
increase following distance, these speed reductions are likely to have only been transitory and, 
thus, have had little effect on speed overall.  

Another consistent finding in the speed data was that the positive effects on speeding induced 
by the ISA and FDW systems typically did not persist when the systems were deactivated in the 
After periods. Indeed, driving performance after system de-activation was similar to 
performance prior to system activation. This finding implies that, contrary to what was 
expected, the drivers rapidly reverted to their old driving habits when the systems were 
switched off. It may, however, also imply that in During periods drivers had become reliant on 
the warnings to inform them that they had exceeded the speed limit and, hence, when the 
system was no longer active they exceeded the speed limit more because they were no longer 
receiving speed warnings. Regardless of the explanation, this finding indicates that, in order for 
the full speed reduction benefits of ISA to be achieved, this system needs to be constantly 
active.  

In addition, there was little or no evidence that drivers changed their driving behaviour within 
the During periods, implying that they adapted to the ISA system alone and the combined 
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systems quickly when they were first activated and changed their behaviour little during the 
period when the systems were active. This is a positive finding as it indicates that the drivers 
did not start to ignore or refuse to comply with the warnings after they had been active for a 
period of time.  

It was also sometimes found that drivers drove significantly slower when the ISA system was 
active compared to the After period, but not the Before period. It is unclear why this would 
have occurred, but it may result from the drivers becoming over-reliant on the warnings over 
the course of the During period and, thus, increasing their speed in the After period because 
they were expecting to receive warnings to alert them when they were exceeding the speed 
limit.  

8.2.2.h Simulator and On-road Trial Comparisons 
As part of the SafeCar project, a simulator evaluation of two alerting ISA systems was 
conducted. The study aimed to assess, using an advanced driving simulator, the relative effects 
of two ISA alerting systems, informative and actively supporting, on driving performance. The 
study further sought to establish whether and how the effect of the ISA systems on driving 
performance measures might have differed across experienced and inexperienced drivers. The 
actively supporting variant of ISA examined in the simulator was functionally identical to the 
system evaluated in the on-road trial. A number of comparisons between the results obtained in 
the simulator study and the on-road trial can be made.  

In both the on-road study and the simulator experiment, positive effects of the ISA systems 
were found in terms of reductions in mean and maximum speeds. Also, participants in both the 
on-road and simulator experiments reported that their subjective mental workload did not 
change from baseline (no ISA) levels when interacting with the ISA systems. It is encouraging 
that these findings were observed across the two studies under vastly different driving 
conditions and that these reductions were of a similar magnitude. These simulator findings 
provide evidence for the validity of the simulator as a tool for measuring the effects of ITS 
systems on driving behaviour. 

There were, however, some differences in the patterns of results yielded by the two studies. The 
results of the on-road study revealed that the standard deviation of speed decreased when using 
the ISA actively supporting system, whereas no significant change in speed standard deviation 
was found for either of the ISA systems examined in the simulator study. Also, the percentage 
of time spent above the speed limit decreased in the on-road trial, but increased in the simulator 
for the actively supporting system, in more than one speed zone.  

The discrepancy in standard deviation of speed between the two studies might be explained as 
follows. Previously, it was argued that reductions in speed variability are expected to come 
about through two processes: a reduction in peak or higher speeds, and a truncation of the 
lower end of the speed distribution. The truncation of the lower end of the distribution is 
expected to come about as a result of drivers who normally drive well below the speed limit 
increasing their lower speeds until the ISA warnings occur. In effect, this means they will use 
ISA as an active speed-controlling device rather than as a warning signal to obviate inadvertent 
speeding. In the simulator, environmental cues to estimate speed are somewhat impoverished, 
resulting in a tendency for drivers to travel at higher speeds than on actual roads. It is also 
likely that this lack of environmental cues accounts for the fact that the standard deviation of 
speed was much higher in the simulator study than in the on-road trial. While we know that the 
ISA systems reduced mean and maximum speeds in the simulator, it is possible that this 
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reduction was not large enough to significantly impact on the overall large standard deviation 
of speed found in the simulator.  

Why the percentage of time spent above the speed limit decreased in the on-road trial when the 
actively supporting system was activated, but increased in the simulator, is not clear. A likely 
possibility is that use of ISA as an active speed-controlling device was more pronounced in the 
simulator (possibly due to the lack of environmental cues) which led to a greater proportion of 
occasions on which speed slightly exceeded the speed limit. Whilst this led to an increase in the 
proportion of time spent travelling above the speed limit, the marginal speeds by which the 
speed limited was exceeded on these occasions still allowed for an overall reduction in mean 
and maximum speeds. 

Table 8.1. Comparison of the effects of the ISA systems found in the on-road and simulator 
studies. 

Driving Performance 
Measures 

On-road Study 
Actively Supporting 

ISA 

Simulator 
Actively Supporting 

ISA 

Simulator 
Experiment 

Informative ISA 
Mean Speed Reduced by 1.5 km/h Reduced by 1.1 km/h  Reduced by 2 km/h 
Maximum Speed Reduced by 2.6 km/h Reduced by 2 km/h Reduced by 2 km/h 
Speed Standard Deviation  Reduced by 1.1 km/h No change No change 
Percentage of Time Above 
Speed Limit 

Reduced by up to 50 
percent1 

Increased by up to 5 % No change 

Usefulness Decreased after use Decreased after use Increased after use 
Mental Workload Did not change Did not change Did not change 

All changes in driving behaviour were compared to the baseline (no ISA) condition. Figures given have been averaged 
across speed zones/road type. 
1 The percentage of time spent at 0, 2, 5 and 10 km/h or more above the speed limit was examined in the on-road trial. 
2 Only the percentage of time spent between 0 – 2 km/h above the speed limit was examined in the simulator study. 
 

Some further findings also emerged from the simulator study, which are worth commenting on 
here. 

Interestingly, the findings from the simulator study suggest that the ISA informative system 
was slightly more effective than the actively supporting system in reducing speed. It had been 
intended to compare the relative effectiveness of these two ISA variants in the on-road study. 
However, due to time and funding constraints, this was not possible. It is interesting to 
speculate, therefore, whether the positive effects for the actively supporting ISA system (with 
and without FDW) observed in the on-road study might have been even more pronounced if an 
informative system had been deployed. The findings from the simulator study suggest that this 
might have been so, although the fact that the informative ISA system was rated at the end of 
the simulator study as being less satisfying than the actively supporting system may have 
diminished its overall safety impact in an on-road trial. The Swedish ISA trial undertaken in the 
city of Lidkoping assessed the effects on driving performance of two variants of ISA, 
informative and actively supporting, although the results of this trial are not available in 
English. The results that are available indicate that the drivers believed that the actively 
supporting ISA system helped them keep to the speed limit and reduce the amount of time they 
spent exceeding the speed limit to a greater extent than the informative ISA did.  Also, when 
comparing results across the four Swedish ISA trials, it appears that the number of speed 
violations and speed variability decreased slightly more in Lund with the use of the actively 
supporting system compared to the informative ISA trialled in Borlange. However, the drivers 
who used the actively supporting system were more likely to claim that they felt more in the 
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way of other drivers, that the pleasure of driving had decreased, and that driving was more 
taxing, than the drivers who used the informative ISA system. Clearly, a direct comparison of 
these two variants of ISA is required before any firm conclusions regarding the relative 
effectiveness of the systems can be made. 

The results of the simulator study revealed few instances in which the ISA systems 
differentially affected the performance of experienced and inexperienced drivers. In general, 
experienced drivers benefited slightly more from interacting with the technologies, while the 
less experienced drivers exhibited slightly more negative behavioural adaptation to the 
technologies.   

Finally, when the ISA systems were active, there was a greater tendency for drivers to respond 
more accurately to roadside signs, implying that the ISA systems reduced driver workload by 
freeing up attentional resources for additional tasks.   

8.2.3 Following Distance Warning 

8.2.3.a Mean Time Headway 
As expected, there was a trend for the FDW system, alone and combined with ISA, to increase 
mean time headway in all speed zones. These increases, however, were significant only in 60, 
80 and 100km/h speed zones.  For the FDW system alone, significant increases in time 
headway were found in 80 and 100 km/h speed zones, while for the combined FDW and ISA 
system the greatest increases occurred in 60, 80 and 100km/h speed zones. The treatment 
participants’ mean time headways in these speed zones were up to 0.10 and 0.11 seconds 
greater when the FDW system alone was active and 0.09, 0.07 and 0.13 seconds greater when 
ISA and FDW combined were active, respectively. No corresponding increases in mean time 
headway were evident across the control drivers’ trial, suggesting that the increases in mean 
time headway found were due to the effect of the SafeCar systems and not to other, 
uncontrolled variables.  

While a number of previous studies examining following distance warning systems have found 
that use of these systems increases following distance, these studies have generally focused on 
how use of FDW influences the proportion of driving time spent at unsafe (usually less than 1 
second) time headways, rather than having examined changes in mean time headway. A study 
by Dingus and colleagues (1997) is one of very few studies to examine changes in mean time 
headway when using a FDW system. They found that mean time headway increased by around 
0.5 seconds during events where the lead vehicle braked. The current finding that mean time 
headway increased with use of the FDW system is therefore in line with the findings of Dingus 
et al., although the changes in time headway found in the current study were smaller than those 
found in the Dingus et al. study. 

It was initially predicted that, because mean time headways may be shorter at night compared 
with during the day because of reduced visual cues - and because younger drivers may follow 
at shorter time headways than older drivers - that the FDW system would be more effective at 
reducing mean time headway at night and for younger drivers. However, the results revealed 
that the FDW system was equally effective in reducing mean time headway at night and during 
the day and across drivers of different ages. As was discussed earlier in relation to the ISA 
system, the younger driver group included in the analyses did not consist of what are normally 
considered ‘younger’ drivers (i.e., drivers younger than 25 years) and it is possible that age-
related differences in the effectiveness of the FDW system might have been found if a greater 
number of younger drivers were included in the study. Also, the effectiveness of FDW in 
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increasing mean time headway did not differ across drivers who had different driving styles or 
different attitudes to ITS, safe driving behaviours or willingness to keep FDW. One reason why 
no differences were found across these driving groups may be because the drivers all held 
similar opinions towards safe driving behaviour and the willingness to keep FDW and all had 
similar driving styles. Therefore, there may not have been a wide enough range of attitudes or 
driving styles to detect any differences in the effectiveness of FDW across drivers with 
different attitudes or driving styles.  

8.2.3.b Standard Deviation of Time Headway 
It was initially predicted that the standard deviation of time headway would decrease when 
using the FDW system. The results revealed that when the FDW system on its own, or when 
combined with ISA, was activated, the standard deviation of time headway reduced 
significantly by 0.03 seconds, but only in 50 km/h speed zones. No significant differences in 
the standard deviation of time headway were found for the other four speed zones examined. It 
is unclear why time headway variability would decrease in 50 km/h zones and not in any other 
zones. One explanation is that the drivers may have become frustrated with other vehicles 
travelling at 50 km/h or less in these zones, particularly as the posted speed limit is often not 
displayed in 50 km/h zones and, thus, the drivers may not always have been aware of the speed 
limit. In response, in the Before period, drivers may have driven closer behind vehicles in an 
attempt to coerce them to travel faster. When the FDW system was active, however, the 
headway warnings would have discouraged them from engaging in even short periods of 
tailgating behaviour, thus reducing their headway variability. 

8.2.3.c Percentage of Driving Time in Three Headway Categories 
The percentage of time treatment drivers spent driving in each of three time headway categories 
was examined immediately before, during and after exposure to the FDW system (alone and 
combined with ISA): 0 seconds to approximately 0.8 seconds; 0.8 to 1.6 seconds and 1.6 to 2.5 
seconds.   

As predicted, when FDW was active, on its own or jointly with ISA, there was a strong trend 
for treatment drivers to spend a smaller percentage of their time (a reduction of as much as 69% 
- from 6.1% to 1.2%) at time headways at or below the Level 6 (auditory) warning threshold 
(0.8 seconds) than they did in the Before period. However, this effect was not significant in any 
of the speed zones examined due to large variability in the data. Nonetheless, the effects of the 
FDW system on time headway, although not statistically significant, are quite large in 
descriptive terms and could have large safety benefits, such as reducing the incidence of certain 
crash types, particularly rear-end crashes.  

A number of previous studies have also established that FDW systems are effective in reducing 
the amount of time spent at ‘unsafe’ time headways (usually less than 1 second) (Ben-Yaacov 
et al, 2000; 2002; Fairclough et al, 1997; Shinar & Schechtman, 2002).  These studies have 
found that the amount of time spent at time headways of less than 1 second reduced by 25 to 92 
percent when using a FDW system.    

8.2.3.d Average Minimum Time Headway 
It was predicted that the average minimum time headway reached per trip would increase when 
the FDW system was active. However, although there was a trend for the average minimum 
time headway reached in each driving period to increase in all speed zones when the FDW 
(alone or combined with ISA) was active, these reductions were not significant in any speed 



TAC SAFECAR PROJECT: FINAL REPORT 207 

zone. One explanation as to why no significant differences in minimum time headway were 
found is that drivers may have rarely reached headways short enough to generate an auditory 
warning which, given that drivers reported that they typically relied on the auditory warning to 
alert them to unsafe headways, would have given the FDW system little opportunity to affect 
minimum headways. Indeed, the average minimum time headways reached in the different 
driving periods was around 1.4 to 0.8 seconds depending on the speed zone, providing little 
opportunity for the FDW warnings to affect the minimum headways achieved. 

This finding is not consistent with previous research by Fairclough et al. (1997), which found 
that minimum time headway increased from 0.93 seconds to 1.64 seconds when using a FDW 
system with a similar warning display to the SafeCar system. The baseline minimum time 
headways in the Fairclough et al. study, however, were shorter than in the current study, so the 
FDW may have had more opportunity to affect time headways. 

8.2.3.e Overall Effectiveness of FDW 
The results obtained suggest that, when provided with information regarding their time 
headways, drivers use this information to increase their headways when the system indicates 
that they are travelling too close behind another vehicle. It is promising that these results were 
obtained even though the drivers were already maintaining relatively long time headways (1.8 
seconds on average) before interacting with the system.  

The FDW system appeared to be particularly effective at increasing time headways in higher 
speed zones (80 and 100 km/h), with the increases in mean time headway and reductions in the 
percentage of time spent at headways below 0.8 seconds greater in the 80 km/h and, in 
particular, 100 km/h zones. This finding most likely results from the fact that drivers 
maintained shorter time headways in the higher speed zones and the FDW system therefore had 
more opportunity to influence following distance in these zones compared to the lower speed 
zones.  

It was expected that the FDW system would have a greater effect on increasing time headways 
when combined with the ISA system given that the expected driver response to the ISA 
warnings is to reduce speed, thus potentially increasing following distance. However, in 
contrast to the speed data, which found that ISA was more effective in reducing speeds when 
combined with the FDW system, the FDW system was no more effective at increasing 
following distance when it was combined with ISA, than when the FDW system alone was 
active. It is likely that ISA had little or no impact on following distance over and above that of 
the FDW system, because ISA only issued speed warnings in a limited number of situations – 
when speeding – and this limited number of warnings may not have been sufficient to further 
influence time headway above that generated by the FDW system. Furthermore, there was a 
message priority system in place in each SafeCar, which was designed so that FDW warnings 
were given priority over the ISA warnings. This priority system might also have attenuated any 
effects the ISA system may have had on increasing time headways. It would have been 
interesting to examine the effect of the ISA system alone on time headways; however, this was 
not possible due to time and budget constraints.  

As was found with the ISA system, the positive effects on following behaviour induced by the 
FDW system typically did not persist when the system was deactivated in the After period. 
Driving performance after system activation was similar to performance prior to system 
activation. This finding suggests that the drivers rapidly reverted to their old driving habits 
when the systems were switched off. Alternatively, it may imply that the drivers had become 
reliant on the warnings to inform them that they were following too closely and, hence, they 
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drove closer behind other vehicles in the After period because they were no longer receiving 
these warnings. As with the ISA system, this finding indicates that in order for the full benefits 
of the FDW system to be achieved it needs to be constantly active.  

The finding that the benefits of FDW did not remain when it was deactivated is inconsistent 
with previous research by Shinar et al. (2002), which found that drivers drove at longer time 
headways when using a FDW system and that these increased headways were maintained up to 
six months after exposure to the system – even though the drivers in that study were exposed to 
the system for far less time than drivers in the present study. However, the drivers in Shinar et 
al.’s study initially drove at shorter time headways than the current drivers and, thus, there may 
have been more opportunity for the FDW system to influence their behaviour. The results of 
the Shinar et al. study also need to be replicated over longer exposure periods and drivers from 
different cultures before any firm conclusions can be drawn regarding the long-term continuing 
effects of FDW systems. 

In addition, there was little evidence that drivers changed their driving behaviour within the 
periods when FDW was active, implying that drivers adapted quickly to the FDW system when 
it was first activated and changed their behaviour little over the course of the system’s 
activation. This finding is positive, as it indicates that the drivers did not ignore or refuse to 
comply with the warnings after they had been active for a period of time.  

It was also sometimes found that drivers drove at significantly greater time headways when the 
FDW system was active compared to the After period, but not the Before period. As with the 
ISA data, it is unclear why this would have occurred, but it may result from the drivers 
becoming over-reliant on the FDW warnings over the course of the During period and, thus, 
driving at shorter headways in the After period because they were expecting to receive 
warnings to alert them when they were driving too close to the vehicle ahead.  

 

8.2.4 Seatbelt Reminder System 

The current study is the first to have examined long-term adaptation to a SBR system. 
However, due to the design of the SBR system, it was not possible to determine if the seatbelt 
data deriving from the study related to drivers or to passengers. It was also not possible from an 
examination of the subjective data to determine if the SBR data related to drivers or passengers. 
Nonetheless, the interpretation of the seatbelt data in the following sections is limited to 
discussing the overall effects of the SBR system for drivers and passengers combined. It is also 
important to note that the treatment and control drivers were treated as one group for the SBR 
analyses as they received the SBR system at the same point in the trial and for the same number 
of kilometres. 

8.2.4.a Percentage of Trips Taken While Unrestrained 

As expected, interaction with the SBR system led to large and significant decreases in the 
percentage of trips driven where an occupant was unrestrained for any part of the trip. Prior to 
interacting with the SBR system, SafeCar occupants were unbuckled during any part of a trip 
on 32 percent of the trips they undertook. In the Before 2 period, when the SBR system was 
activated, this percentage reduced to 16 percent, representing a 48 percent reduction in the 
proportion of trips taken with an unrestrained occupant. This reduction was maintained for the 
remainder of the trial, although there was a trend for the percentage of unbuckled trips to 
increase slightly over the duration of the trial. This finding is very positive as it occurred even 
though the initial seatbelt wearing compliance rate among occupants was high, suggesting that 
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the SBR system can be effective in further improving seatbelt compliance among occupants 
who already have high wearing rates. The finding that the improvement in seatbelt wearing 
induced by the SBR system was maintained for the entire trial is also positive, as it suggests 
that occupants did not start to ignore or attempt to override the warnings after the system had 
been active for a period of time. 

Although no other research has examined long-term adaptation to SBR systems, a number of 
observational studies have been conducted, which examined whether the presence of a SBR 
decreases the number of vehicle occupants observed not wearing their seatbelt (Bylund & 
Bjornstig, 2001; Williams & Farmer, 2002). That research found that seatbelt wearing rates 
were higher among the occupants of vehicles fitted with SBR systems than those not equipped 
with SBR and the researchers concluded that SBR systems are effective at increasing seatbelt 
use. Despite having higher initial seatbelt wearing compliance rates in the present study than in 
this previous study, the present study still found that the SBR system was effective in further 
increasing seatbelt wearing rates. 

8.2.4.b Percentage of Total Distance Spent Unrestrained 
It was hypothesised that use of the SBR system would reduce the percentage of driving 
distance driven with an occupant unbuckled. Before the SBR system was active, approximately 
5 percent of the distance travelled by the SafeCars was undertaken while an occupant was 
unrestrained. After activation of the system, however, this figure decreased significantly to 0.18 
percent, a reduction of 96 percent. This reduction was maintained for the remainder of the trial, 
although there was a trend for the percentage of driving distance spent unbuckled to increase 
slightly again over the duration of the trial. It is encouraging to note that, even though 
occupants initially spent only a small proportion of their driving time unbuckled, the SBR 
system was effective in further decreasing the time spent unbuckled to almost nothing. 

The effectiveness of the SBR system in reducing the percentage of total driving time spent 
unrestrained was also examined across drivers of different ages (45 years and younger versus 
over 45 years) and across drivers who had different driving styles or attitudes to safe driving, 
ITS and the SBR system in particular. If it is assumed that the SBR data relates mainly to the 
drivers, then it can be concluded that there was no evidence that differences in driver 
characteristics influenced the effectiveness of the SBR system in reducing the percentage of 
total driving time spent unbuckled. However, it may be possible that a large part of the SBR 
data relates to the passengers’ seatbelt wearing and this may be why no differences in seatbelt 
wearing habits were found across drivers of different ages and driving styles and attitudes. As 
was the case with the ISA and FDW systems, it is also possible that no differences were found 
across these driver groups because the drivers all held similar opinions towards safe driving 
behaviour and the willingness to keep SBR and all had similar driving styles. Also, the younger 
driver group did not consist of what are normally considered ‘younger’ drivers (i.e., drivers 
younger than 25 years). Therefore, there may not, as for previous systems, have been a wide 
enough range of ages, attitudes or driving styles to detect any differences in the effectiveness of 
SBR across drivers with different attitudes or driving styles.  

8.2.4.c Mean Time Taken to Buckle in Response to SBR Warnings 
Positive benefits of the SBR system were also found in terms of the mean time taken to buckle 
from the onset of the SBR warnings. Prior to activation of the warnings, it took unbelted 
occupants 30 seconds, on average, to buckle up from when the warnings would have 
commenced had the system been active (i.e., when the ignition was turned on). However, as 
expected, the mean time taken to buckle reduced significantly to an average of 7 seconds in the 
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Before 2 period when the SBR system was activated, equating to a 23 second or 77 percent 
reduction. This reduction was maintained for the remainder of the trial, with the time taken to 
buckle up significantly lower at the end of the trial than at the beginning. It therefore appears 
that the SBR system is effective in getting those occupants who tend to put their seatbelt on 
after the car has started moving to buckle up earlier. Indeed, several of the drivers reported in 
the questionnaires and the exit interviews that, prior to the SBR system activating, they tended 
to drive out of their driveway and down the street before they buckled, but that the SBR system 
encouraged them to buckled up while the vehicle was still stationary.  

8.2.4.d Average and Peak Speeds Reached Before Buckling 
It was predicted that the average and mean peak speeds reached while an occupant was 
unrestrained would decrease when the SBR system was activated. Prior to activation of the 
SBR system, the mean peak speed reached before all vehicle occupants buckled up was 33.5 
km/h. This reduced to 26.9 km/h in the Before 2 period when the system was activated, 
supporting initial predictions. This reduction was maintained for the rest of the trial and, at the 
end of the trial, the mean peak speed reached while an occupant was unbelted was 27.2 km/h.  

The average speed of the vehicle reached while any occupant was unbuckled was also 
examined across the trial. Prior to activation of the SBR system, the average speed of the 
vehicle when one or more occupants were unbuckled was 2.6 km/h during the Stage 1 warning 
period (1 to 10km/h) and 39.3 km/h in the Stage 2 warning period (>10km/h). The average 
speed before buckling reduced to 2.2 km/h and 24.3 km/h, respectively, when the SBR system 
was first activated, representing 15 and 38 percent reductions, respectively, in average speed 
while unbuckled. These reductions in average speed remained constant over the rest of the trial.  

These findings are most likely the result of occupants buckling their seatbelts at an earlier point 
in the trip, when the vehicle was travelling at lower speeds. By encouraging occupants to 
buckle up at lower speeds, SBR systems have the potential to decrease the severity of injury 
sustained by vehicle occupants in the event of a crash, particularly as the effectiveness of 
seatbelts in preventing fatalities and injuries is greatest for low severity crashes (Evans, 1996).    

It was hypothesized that, due to an increased awareness of safety issues related to speeding, 
that the presence of the ISA warnings would reduce the speed that drivers would be willing to 
travel at before buckling up. To examine if the presence of the ISA system further influenced 
(over and above that of the SBR system) the peak speed reached before occupants buckled, 
peak speeds were also examined before, during and after the ISA (alone and combined with 
FDW) system was active. This analysis was conducted for the treatment drivers only. The 
results revealed that the presence of the ISA warnings (alone or with FDW) did not further 
influence the peak speeds reached before occupants buckled up. One reason why the ISA 
system did not further influence the peak speeds reached before buckling could be that, even 
before activation of the SBR system, the peak speeds reached before occupants buckled were 
well below the speed threshold at which the ISA system commences issuing warnings (50 
km/h). The ISA warnings, therefore, would not (or very rarely) have been issued while an 
occupant was also unrestrained, allowing the ISA system little or no opportunity to influence 
unrestrained travel speeds. This finding suggests that merely the presence of the ISA system 
did not influence the peak speeds reached when unbuckled. 

8.2.4.e Percentage of Time Spent Unbuckled when Travelling at Dangerous Speeds 
The effectiveness of the SBR system in being able to reduce the proportion of time spent 
driving at dangerous speeds while a SafeCar occupant was unbuckled (defined as 40 km/h and 
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over) was examined. A threshold of 40 km/h was chosen as a dangerous forward moving speed 
to be travelling at while unbuckled because the risk to occupants of being fatally or seriously 
injured in a crash while driving unbuckled at this speed or higher is four times higher than the 
risk of a restrained occupant being killed or seriously injured at the same speed (Evans, 1996). 
Prior to activation of the SBR system, the percentage of driving time spent unbuckled while 
travelling at dangerous speeds was 6.72 percent. As predicted, this reduced by 99.99 percent to 
0.05 percent in the Before 2 period, when the system was first activated and was maintained for 
the remainder of the trial. As discussed above, reducing the amount of time occupants spend 
unrestrained at dangerous speeds is likely to reduce the severity of injuries sustained by vehicle 
occupants and the risk of being fatally injured in the event of a crash.  

8.2.4.f Relative Effectiveness of the Stage 1 and 2 SBR Warnings 
The percentage of times occupants buckled up in response to the Stage 1 and Stage 2 SBR 
warnings was examined for each trip across the driving periods to determine the proportion of 
times drivers buckled up in response to the warnings. The analysis also sought to examine the 
relative effectiveness of the Stage 1 and 2 SBR warnings; specifically, if occupants mainly 
buckled up in response to the stage 1 warnings or waited for the stage 2 auditory warnings 
before buckling. Occupants buckled on approximately 70 percent of occasions in response to 
the Stage 1 warnings and responded to the Stage 2 warnings approximately 22 percent of the 
time. On the remainder of occasions (i.e., 8 percent), occupants did not buckle up at all in 
response to the warnings. This suggests that, on the majority of occasions, occupants buckled 
up in response to the Stage 1 visual warnings and did not wait until they received the auditory 
warning before buckling up. It does, however, highlight that occupants also relied on the 
auditory warnings on over 20 percent of occasions and, thus, in order to be maximally 
effective, SBR systems should contain both visual and auditory warnings. 

8.3 NEGATIVE ADAPTATION EFFECTS 

Over the course of the on-road trial, there was very little evidence of any negative behavioural 
adaptation to the systems.  

When the data were examined for each driver individually, there was evidence that those 
drivers who drove well below the speed limit in the baseline periods increased their speeds 
slightly when the ISA system was active. It appears that these drivers were using the system as 
a speed controlling device, increasing speed to the point at which the haptic feedback was first 
activated and then easing off on the throttle. Similar behaviours in response to ISA systems 
have been observed previously for actively supporting variants of this system (e.g., Hjälmdahl, 
2004), and it could be argued that such behaviours are indicative of negative behavioural 
adaptation to the ISA system. Whilst this may be so, the phenomenon was restricted to a sub-
set of drivers and, on balance, the system had a net positive influence on driver behaviour 
across participants.   

There was some evidence that drivers drove slightly faster in the Before 2 period, when the 
SBR and RCW systems were first activated, compared to the Before 1 period, but this was 
found for 50 km/h zones only and their mean speed was still below the speed limit. It is not 
clear why drivers increased their speed in this speed zone when the SBR and RCW systems 
turned on. It is possible that this result is the product of time into the study and experience with 
the vehicle rather than resulting from the activation of the SBR and RCW systems. For 
example, drivers may have been less concerned over time about being monitored by the 
systems and, thus, drove in a less conservative manner in the Before 2 period than they did in 
the Before 1 period. Also, as drivers were aware at the start of the trial that their driving was 
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being monitored, the activation of the SBR and RCW warnings in the Before 2 period may 
have done little to reinforce this fact or prompt participants from driving in a more conservative 
manner. 

A finding that occurred consistently in both the ISA and FDW analyses was that the positive 
effects on speeding and following behaviour induced by the ISA and FDW systems did not 
persist when the systems were deactivated in the After periods. Indeed, driving performance 
after system de-activation was similar to performance prior to system activation. As discussed 
earlier, this finding may imply that that the drivers had become reliant on the warnings to 
inform them that they had exceeded the speed limit or were following too closely and, hence, 
they exceeded the speed limit and followed too closely more often in the After period because 
they were expecting the warnings to alert them that they were speeding or tailgating.  

The participants reported feelings of increased frustration when interacting with the FDW 
system, due to the false warnings it issued when passing parked cars, travelling under bridges 
and overpasses and through tunnels and when other vehicles cut in front of them suddenly.  The 
participants also reported that these false warnings were sometimes distracting. There was no 
evidence in the logged data, however, that these feelings of frustration had a negative impact on 
driving performance.  

Some negative adaptation effects commonly observed in other studies evaluating in-vehicle 
ITS were not revealed in the current study. In relation to the ISA system, previous research has 
found that when interacting with either informative or actively supporting ISA, drivers have 
demonstrated shorter following distances, higher speeds around curves, when turning and 
outside the test area, a deterioration in yielding behaviour, increased frustration and longer 
travel times (Biding & Lind, 2002; Hjämldahl, 2004; Sundberg, 2001; Vägverket, 2003b; 
Várhelyi et al., 1998). The current study did not find any evidence that drivers drove at shorter 
time headways or reported an increase in frustration when the ISA system was active. Due to 
time and budgetary constraints, analysis of turning speeds, speeds around curves and yielding 
behaviours were not investigated in the current on-road study, although such analyses are 
possible using the logged data set. Hence, it is not possible to comment on whether or not the 
drivers in the on-road study engaged in these negative behaviours when using the ISA system. 
The simulator study, however, was designed to examine the potential for negative behavioural 
adaptation in some of these situations. 

In the simulator study it was found that, for a curve on an arterial road, when the actively 
supporting ISA system was active drivers approached the curve at a higher speed than when it 
was not active. (Although, for a similar curve on a rural road, the presence of ISA produced an 
earlier reduction in speed.) Furthermore, participants had faster approach speeds to two Give 
Way intersections in the presence of the actively supporting ISA system. It should be noted, 
however, that these effects were small in magnitude and took place in an environment in which 
there was a paucity of environmental speed cues. It would be desirable to further analyse the 
logged data from the on-road study to determine the robustness of these findings. 

Very few negative behavioural adaptation effects have been examined in relation to FDW or 
SBR systems. Previous research examining FDW systems has found that drivers decreased 
their speed unnecessarily in response to the false alarms issued by a FDW system and there is 
some evidence that drivers also find FDW distracting (Ben-Yaacov et al., 2002; Fairclough et 
al., 1997). Drivers in the on-road study also found the false alarms issued by the FDW system 
to be somewhat distracting. However, unnecessary changes in speed or any other driving 
behaviours in response to these false alarms were not examined.  
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In summary, whilst there was some minor evidence of negative behavioural adaptation to the 
ISA system, this was far outweighed by the positive system effects observed in the on-road and 
simulator studies. Further, it is the view of the authors that negative adaptation, to the extent 
that it can be predicted, can to some extent be addressed through appropriate training and 
education.  

 

8.4 FUEL CONSUMPTION AND EMISSION VOLUMES 

SafeCar fuel consumption and emission volumes were examined across each trial period and 
speed zone to evaluate whether and how the use of the ITS systems, particularly the ISA and 
FDW systems, affected fuel consumption and Carbon Dioxide (CO2), Nitrogen Oxide (NOx) 
and Hydrocarbonates (HC) emission volumes. Fuel consumption was defined as the number of 
litres of fuel used per 100 kilometres travelled. Emission volumes were defined as the number 
of grams (NOx and HC) or kilograms (CO2) released per kilometre travelled. The Positive 
Kinetic Energy (PKE) model for the estimation of fuel consumption and vehicle greenhouse 
emissions was used to calculate the fuel consumption and emission volumes. 
 
For the ISA and FDW alone driving periods no significant differences in fuel consumption 
were found across driving periods. However, for the ISA and FDW combined driving periods, 
fuel consumption decreased significantly for treatment drivers in 80 km/h zones only, when 
ISA and FDW systems were active. CO2 emissions also decreased significantly for the 
treatment drivers, but only when both ISA and FDW were active and in 80 km/h zones only. A 
significant reduction in NOx and HC emissions was found in 80 km/h zones only when the ISA 
system alone was active. Finally, significant reductions in NOx and HC emissions were found 
in 60 km/h (NOx only) and 80 km/h zones when both the ISA and FDW systems combined 
were active. As was found with the speed data, the ISA and FDW systems combined appeared 
to have the greatest effect on fuel consumption and emission volumes. The ISA and FDW 
systems also appeared to be particularly effective at decreasing fuel consumption and vehicle 
emissions in 60 km/h and, in particular, 80 km/h zones. One reason why fuel consumption and 
emission volumes decreased in these speed zones and not the other zones may be because the 
mean speed reductions were greatest in these zones when ISA (alone and when combined with 
FDW) was active and these speed reductions would have led to greater reductions in the 
amount of fuel used in these zones.  

8.5 CRASH REDUCTION ESTIMATES 

The safety effects of the ISA, FDW and SBR systems in reducing the incidence and severity of 
road crashes and injury costs were estimated from the logged driving data. Based on this data, 
the SafeCar systems are likely to confer substantial safety and cost saving benefits if 
implemented. It is encouraging to note, in this context, that none of the drivers in this study was 
involved in any crashes during the on-road trial.  

For the ISA system, the Power Model developed by Nilsson (2004) was employed to estimate 
the reductions expected in serious injury and fatal crashes based on the decreases in mean 
speed observed when the ISA system was active. While the application of this model indicates 
that significant crash reductions can be expected in all the speed zones examined, the greatest 
effect in reducing crashes is likely to be in 60 km/h zones. Furthermore, the ISA system will be 
most effective when combined with the FDW system. The ISA system alone is estimated to 
reduce serious injury crashes by up to 5.8 percent (60km/h zones) and fatal crashes by up to 7.6 
percent (60 km/h zones). If the ISA and FDW systems combined are implemented, it is 
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expected that serious injury crashes will reduce by up to 7.1 percent and fatal crashes will 
reduce by up to 9.4 percent in 60 km/h zones. These findings are consistent with, although 
relatively smaller in magnitude, than the results of Hjalmdahl’s (2004) Swedish on-road ISA 
trial, which found that use of an actively supporting ISA system is expected to reduce the 
incidence of serious injury crashes by up to 25 percent and fatal crashes by up to 32 percent.  

It is important to note that the Nilsson model used considers only changes in mean speeds when 
estimating the expected crash reduction benefits. Given that ISA was found to have a greater 
effect in reducing peak speeds (e.g., maximum and 85th percentile speeds) than in reducing 
mean speeds, it is likely that a model, which takes account of the significant truncation by ISA 
of peak speeds, is likely to yield greater estimated crash and trauma reduction benefits for the 
ISA system. In addition, the drivers in the current study were conservative, with their mean 
speeds before the ISA system was active being well below the speed limit. It is possible that, 
with a less conservative group of drivers, the effect of the ISA system on mean speeds may 
have been more pronounced and thus the crash reduction estimates deriving from use of this 
system may have been greater.  

For the FDW system, the expected reductions in those driving instances during which a 
collision with the lead vehicle would occur if the lead vehicle suddenly braked (termed rear-end 
collision mode) were modelled based on the observed increases in time headway when the 
FDW system was active. Three deceleration values of the lead vehicle were used in the model: 
0.25g (soft braking), 0.35g (moderate braking) and 0.5g (hard braking). It is expected that the 
percentage of driving distance spent in rear-end collision mode will reduce by up to 34 percent 
with use of the FDW system alone, under conditions where the lead vehicle is braking at a 
moderate rate (0.35g). The FDW system, however, is expected to have little effect on crash risk 
under conditions where the lead vehicle is engaging in soft or hard braking. This is because 
drivers will rarely drive at time headways short enough (e.g., less than 0.3 seconds) to collide 
with a lead vehicle if it suddenly brakes softly. Also, the current FDW headway warning range 
is below those headways at which drivers would need to be travelling at (e.g., 2.1 seconds) in 
order to avoid a collision with a hard braking lead vehicle and thus would be expected to have 
little or no impact on assisting drivers to avoid such collisions. Nonetheless, given the high 
incidence of rear-end crashes among drivers, these findings suggest that use of the FDW 
system could save the Australian community a significant amount each year in injury and 
property damage costs.  

The cost savings expected from the use of the SafeCar SBR system were calculated by 
determining the cost of unrestrained occupants in Australia and the cost savings associated with 
seat belt use. Cost savings associated with seatbelt wearing were calculated by using HARM, 
which quantifies injury costs from road trauma. It was estimated that at 57 percent 
effectiveness3, use of the SBR system would save the Australian community approximately 
$335 million per annum in injury costs.  

The estimates for the three systems are only intended to be preliminary at this stage. Ideally, 
further modelling is required in order to be able to express the benefits of the systems in 
common terms, relating to crash and injury cost reductions. Further, and importantly, modelling 
relating to the impact of the ISA system on crash and injury reduction should be undertaken 
                                                 
3 The effectiveness of the SBR system was calculated by determining the percentage of SafeCar participants who 
demonstrated an improvement of greater than 90 percent in seat-belt use in the Before 2 period when the seatbelt 
reminder systems was active from Before 1 levels and spent less than 0.5 percent of driving distance in the Before 
2 period unrestrained. 
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that incorporates the marked reductions in the percentage of time spent travelling above the 
speed limit observed in the on-road study.   

8.6 DRIVER ACCEPTABILITY, WORKLOAD AND ATTITUDES 

Overall, the TAC SafeCar systems were rated as being acceptable in terms of their usefulness, 
effectiveness, social acceptability and usability. That is, the systems were generally considered 
to serve a purpose and to do what they are supposed to do. This was the case both prior to, and 
after, experience with the systems. Drivers were consistent in their belief that the TAC SafeCar 
systems would be effective for drivers who inadvertently practice unsafe driving behaviours. 
They were also consistent in their belief that these systems would be less effective for drivers 
who intentionally drive in an unsafe manner.  

There are several results worthy of further discussion, either because they reflect important 
aspects of drivers’ opinions or because it is unclear why the drivers held those opinions.  

8.6.1.a Intelligent Speed Adaptation 
 
A large number of drivers reported that they sometimes or often exceeded the speed limit by 
3km/h or more, most of which they claimed to be inadvertent speeding. This immediately 
highlights the potential benefit of the Intelligent Speed Adaptation system in reducing speed, if 
it is true that drivers speed inadvertently. 

Although the drivers considered ISA to be necessary in most speed zones and driving 
situations, generally they did not feel it would be necessary in 50km/h zones and this was the 
case both before and after exposure to the system. It is unclear why this was the case. 
Considering Victoria only recently introduced 50km/h as the default speed limit in built up 
areas, it might have been expected that drivers would have found the ISA system to be a useful 
reminder of the speed limit. However, this was not the case. It is possible that drivers do not 
believe they speed in 50km/h zones, although the logged driving data shows that the ISA was 
effective in reducing speed, including the percentage of time spent above the speed limit in 
50km/h zones. Perhaps drivers do not feel that it is likely they will be caught speeding in 
50km/h zones, although penalties are not the only factor in speed choice. It is certainly not the 
case that drivers consider speeding in 50km/h zones to be safe; in fact, participants regarded 
exceeding the speed limit in 50km/h zones by 5km/h as dangerous, and by 10km/h as very 
dangerous.  

There was some change in opinion over time as to the usefulness of the ISA, and in how 
interested participants were in keeping ISA. At the end of the study the extent to which the 
drivers perceived the ISA to be of use to them decreased. Interest in keeping the ISA system 
also decreased over time. In contrast, the perceived usefulness of ISA in 60 km/h zones and 
80km/h zones actually increased. It must be noted, however, that even with the significant 
decreases in general usefulness and interest over time, the majority of drivers still rated the 
system highly, and most were still interested in keeping ISA.   

8.6.1.b Following Distance Warning 
Approximately half of the drivers said they never or rarely followed at a distance of less than 2 
seconds from the car in front. The other half reported sometimes, often or always doing so. 
Determining whether this following distance behaviour was inadvertent is difficult from the 
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reasons given, however at least a third of the subjects reported inadvertently following too 
close, while at least 10% reported doing so intentionally.  

The FDW system was rated as effective in increasing following distance, particularly at the end 
of the study. Despite this, less of the participants wanted to keep the FDW system after they 
had experienced using it. The FDW system’s very effectiveness may be part of the reason that 
participants did not want to keep it. While drivers are generally aware of the need to keep a 
following distance of two or more seconds from the car in front, it is possible that they may not 
be cognisant of what a two second following distance actually looks like. If drivers do not keep 
appropriate following distances in certain driving situations, for example on freeways, then 
warnings from the FDW system would occur quite frequently. If drivers hear warnings when 
they are driving in their usual manner, and a manner that they consider to be safe, they could 
become quite frustrated. Many of the reasons drivers gave for not wanting to keep the system 
did relate to frustration, and the workload ratings did reveal a significant increase in frustration 
level when receiving FDW warnings. Drivers also found it unacceptable that the FDW system 
gave warnings when another car cut in front of them when they were trying to drive safely by 
leaving a two second gap. Although it is clear that the FDW system was operating exactly as it 
was designed to in situations where other drivers cut in front, the drivers considered these 
warnings to be false alarms. This issue will have to be resolved if drivers are to consider FDW 
systems acceptable.  

The FDW system had a positive effect on road safety awareness and attitudes to relevant 
driving behaviours. After experience with the system, all of the treatment group drivers were 
aware of the recommended following distance, compared to only 55% prior to experience with 
FDW. Drivers also disagreed that tailgating makes sense when other drivers are driving too 
slowly after they had used the FDW system.  

The ISA and FDW warnings had no effect on the overall workload level that drivers felt while 
driving. This can be seen as a positive result. While it might be reasonable to expect that extra 
visual and auditory warnings could increase driver workload whilst driving, the results from 
this study show that reportedly this was not the case. 

8.6.1.c Seat Belt Reminder 
Almost all of the drivers reported always wearing seatbelts, and those who didn’t always wear 
seat belts reportedly chose not to wear them only while reversing. The SBR system may, 
therefore, only be useful for drivers in limited situations. However, the issue of passenger use 
of seat belts is also important. A number of drivers reported that they did not always check to 
see if their passengers were wearing seat belts and, as such, this identifies a potential role for 
the SBR system.  

It was encouraging to note that drivers felt the SBR system to be useful, even though they 
reported rarely driving without a seatbelt on. Drivers felt the SBR system would be particularly 
useful and effective for alerting them when passengers are not wearing seatbelts. In fact the 
SBR system for passengers was rated as the most useful of all of the SafeCar systems, while the 
SBR system for drivers came in third, behind the RCW system. The fact that drivers recognised 
the SBR to be of use when there is little traffic on the road presumably reflects awareness of the 
potential for collisions, and resultant injury, with non-vehicle objects. However, drivers did not 
seem to think the SBR would be particularly useful when reversing. This is in accordance with 
the drivers’ self-reports that reversing was the only situation in which they reported not wearing 
seat belts.  
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Despite the fact that drivers did not change their opinions of the need for seatbelt wearing while 
reversing, there was some positive effect of the SBR system on road safety awareness. After 
using the SBR system, drivers were more likely to be aware of the requirement to wear a 
seatbelt when travelling slowly, which is a promising finding. Perhaps with more exposure to 
the SBR system, there might also slowly develop an acceptance of the need for wearing 
seatbelts while reversing.  

The drivers in the treatment group felt that their level of workload was significantly lower 
when receiving warnings from the SBR system, compared to when they were driving prior to 
the SBR warnings being operational. The drivers in the control group, however, did not rate 
their workload as lower when the SBR system was operational; in fact, there was a non-
significant trend for the workload ratings to increase. It is unclear why the SBR system had 
such a different effect on the perceived workload of the two groups, when all of the drivers had 
the same SBR system in their cars.  

8.6.1.d Reverse Collision Warning 
Drivers appeared to like the RCW system, and found it both useful and effective. Out of all of 
the SafeCar systems, the RCW was ranked first in terms of how interested the drivers were in 
keeping the systems. It also ranked second in terms of perceived usefulness. The RCW system 
was particularly effective in reducing driver workload compared to when reversing when the 
system was not operational. Drivers rated the mental demand, physical demand, time demand 
and effort required as significantly lower when the RCW system was emitting warnings, and 
their performance as significantly better.  

8.6.1.e Overall Usability 
Overall, the systems were found to be usable, although some drivers felt the position of the 
visual warning display was not optimal. The drivers made several useful suggestions regarding 
how the usability of the system could be improved, both for the visual display and the auditory 
warnings. 

Some drivers found the auditory warnings annoying. This is not surprising, since it is very 
difficult to ignore auditory warnings. Unlike visual warnings, drivers simply cannot choose to 
ignore auditory warnings. Visual displays are not as closely coupled to the driver’s perceptual 
system as are auditory and tactile displays. The ability to attract a driver’s attention regardless 
of the position of their head is one of the reasons that auditory signals are so effective as 
warning devices. In general, visual displays have less potential for providing salient warning 
signals than auditory displays. However, auditory warnings should be used sparingly, for 
important messages, or else they can become annoying.  

8.6.1.f Barriers To Acceptance 
Some barriers to driver acceptance of the systems were identified. Drivers reported that they 
would lose trust in systems that gave unreliable warnings. Based on the amount that drivers 
were willing to pay for the systems, cost may also be a barrier to acceptance, particularly 
maintenance and service costs. It is encouraging to note that several potential barriers to 
acceptance turned out not to be problems at all. Drivers found the systems acceptable in terms 
of their level of control, did not feel that they would rely too strongly on the systems at the 
expense of their own judgement, and did not think the systems would distract them from their 
driving.   
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8.6.1.g General Issues/Limitations 
A question that arises when discussing self-reported behaviour is the accuracy of self-report. 
There are various reasons why people may not report behaviour accurately. First, they may 
want to be regarded in a positive manner, and thus report more acceptable (either socially or 
legally) driving behaviours. Self-reported speeding, following distance and seat belt wearing 
could all be affected by this. Second, they may not actually be aware of how often they perform 
the specified behaviour. It was felt that speed and seat belt wearing would be less likely to be 
affected by this, as the drivers frequently refer to their speedometer while driving, and would 
know if they were in the habit of wearing seat belts. However it is possible that drivers are 
unaware of how often they travel less than two seconds from the car in front. This requires a 
conscious effort on behalf of the driver to note the lead driver’s position with reference to a 
particular landmark, and to count the time until they themselves pass that landmark. The 
distance that a car will cover in two seconds also varies according to the speed at which the car 
is travelling, and this makes judgements more complex than that of current speed or seat belt 
use. Thirdly, it is known that there is often a disassociation between an individual’s perception 
of performance and actual measured performance (i.e. mis-calibration). Self-report for any of 
the three behaviours could be subject to this disassociation.   

The questionnaires that were designed to collect subjective data were extremely 
comprehensive. However, with this comprehensiveness came the requirement for them to be 
quite long. The difficulty in designing questionnaires for this study was that previous research 
in this area had taken a piecemeal approach to subjective data collection. As such, it was 
unclear from past research as to what type of subjective data it was most important to collect. 
Thus it was difficult to know how to reduce the length of the questionnaires while still retaining 
the important concepts. Fortunately, the extensive subjective data collected during the TAC 
SafeCar study can now inform subjective data collection in future research of this sort, by 
identifying the most useful subjective information collected, and perhaps developing a 
“measurement tool-box” for subjective data collection in future ITS research.  

8.7 COMPARISONS OF OBJECTIVE AND SUBJECTIVE DATA 

A number of comparisons can be made across the objective and subjective findings, in relation 
to inconsistencies between the two data sets and some interesting cases where the two data sets 
were in accordance. One of the main inconsistencies found between the objective and 
subjective data sets relates to differences in speeding behaviour across the treatment and 
control drivers. Overall, the logged driving data revealed that the control drivers were less 
conservative drivers than the treatment drivers; that is, the control drivers’ speeds were 
consistently faster than the treatment drivers across the trial periods in most speed zones. 
However, no differences were found between the driver groups in relation to their self-reported 
driving behaviour and attitudes towards speeding. Another inconsistency that is apparent in the 
objective and subjective data relates to reported and actual seatbelt use. In the questionnaires, 
the vast majority of drivers reported that they always wear their seatbelts, except occasionally 
when reversing. However, the driving data revealed that the drivers spent, on average, 5 percent 
of their total driving time unbuckled before activation of the SBR system, and this was found 
even though reversing episodes were filtered from the data. It is possible that this data mainly 
relates to passengers’ non use of seatbelts, but it does highlight that the drivers were generally 
not aware of how much time they spent unrestrained. 
 
However, a number of consistencies between the data sets were also found and are worthy of 
note. In relation to mean travel times, the drivers reported in the questionnaires that they did not 
feel that use of the ISA system increased their trip times, which was corroborated by the logged 
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driving data. It is encouraging to note that drivers were aware that ISA did not increase their 
travel times, as previous research has shown that a belief that ISA increases travel times can 
lower the acceptability of the system. Drivers also reported in the questionnaires that they did 
not believe that the ISA system was effective in reducing fuel consumption, which was 
generally supported by the results of the fuel consumption analyses. These findings suggest that 
the drivers were generally aware of the effects of the systems on their driving performance.  
 

8.8 OPERATION OF THE SAFECAR SYSTEMS 

While the SafeCar systems generally performed well technically, there were some problems 
and limitations associated with the systems that were identified before and during the trial and 
during the data analysis. A number of these were rectified, but others could not be addressed 
within the time and budget available. In this section, these problems and limitations are 
discussed along with their impact on the study. The way in which the issues were resolved is 
then considered, and recommendations are made for improvements to the systems that would 
make them more effective and acceptable to drivers.   
 

8.8.1 Intelligent Speed Adaptation 

8.8.1.a Problems discovered during acceptance testing that could not be rectified 

 
• It was discovered during acceptance testing that the Stage 2 audio output of the ISA-

Informative system warning was played at a variable repetition rate. This problem was the 
result of the insufficient processing power of the in-car computer. When the in-car 
computer processor was faced with the increased demand, the execution of the audio 
warning would have to wait for other processes to end. This problem did not have an 
impact on the study as it was decided before the on-road trial commenced that the ISA 
informative system would not be equipped to the SafeCars and evaluated during the trial. 
Recommendations:  A more powerful in-car computer should be used in a commercial 
system. Also, in commercial systems, the number of competing processes will be 
significantly reduced because the data logging, log in and log out operations needed during 
the trial for data recording purposes may not be required. 

• It was also discovered that the force and timing of the haptic feedback was not consistent 
across SafeCars. In the SafeCars the haptic feedback was generated by the cruise control 
mechanism. This mechanism uses a vacuum pump to develop force, which was transferred 
to the accelerator pedal via a cable. Once transferred it would provide upward pressure onto 
driver’s foot. During the acceptance testing process it was discovered that the pretension of 
the cable was strongly affecting the feel of the haptic feedback, making it difficult to adjust 
accurately. Once adjusted, the use of the vacuum pump in this system was considered 
acceptable, although not necessarily highly accurate. It was also slow in building up 
feedback force. The impact on the study was minimal as the timing of the warning was 
modified to compensate for the delay of the vacuum pump. Recommendations:  If such a 
system is to be commercially implemented a change of technology should be considered. If 
an electric motor was to be used, the pedal response could be made instantaneous with 
upward force fully controlled. Other feedback methods could also be considered, such as a 
vibrating accelerator pedal.   
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8.8.1.b Problems experienced and reported during the trial 
 

• The most commonly experienced problem with ISA reported by participants was that the 
speed limits in some locations, particularly in the outer suburbs of Melbourne, were 
incorrectly displayed by the ISA system. These inconsistencies were due to the limitations 
of the GPS receiver, which had a limited accuracy in detecting the position of the SafeCar. 
The SafeCar’s location information was matched with the digital map and the speed limit 
displayed. Thus, if the digital map contained incorrect information, this incorrect 
information would be displayed to a driver. If different speed zones were located very close 
to each other, or GPS reception was limited the chances of an incorrect speed limit being 
displayed increased. Over the duration of the trial, following the feedback from the 
participants, the digital map was updated, eliminating most of errors. Also, those roads 
where speed zones were in close proximity to each other were removed from the digital 
map (e.g. service roads near higher speed limit roads). This measure significantly reduced 
the number of incorrect speed limit events. Nonetheless, the inconsistencies that did occur 
made it difficult when analysing the data to determine when drivers were actually 
exceeding the posted speed limit and when they were just overriding a false warning caused 
by an inconsistency in the digital map. Recommendations:  In a commercial ISA system, a 
more accurate GPS receiver (e.g., differential) would reduce the probability of incorrect 
speed limits being displayed to drivers. This increased accuracy would allow for a more 
detailed digital map that would include service and other smaller roads. The digital map 
should also be updated regularly to ensure its accuracy. Finally, to combat intermittent loss 
of GPS reception, dead reckoning techniques (similar to those used in route navigation 
systems) should be integrated into the ISA system. These techniques use information from 
the vehicle, such as speed and direction, to calculate the position of the vehicle when the 
GPS signal is blocked. Once the GPS signal recovers, the system reverts back to GPS 
coordinates as the main source of location information. 

• The ISA system used in the current study was unable to detect transient changes in speed 
limits, such as those that changed with time of day (e.g., around school zones) and in the 
vicinity of road works. Thus, it was not possible to ensure that the correct speed limit was 
displayed at locations where variable or temporary speed signs were deployed. The digital 
map contained only fixed speed limits. No modifications of the digital map were possible 
while the SafeCars were in use. These modifications could only be completed off-site by 
downloading updated digital map onto compact flashcards, which were then distributed to 
the SafeCar drivers. Recommendations:  In commercial implementation of the ISA system 
use of an automatic digital map update facility should be considered.  These updates could 
be transmitted to all vehicles on the road using some form of wireless broadcast such as the 
Cellular network, dedicated radio frequency or commercial radio broadcast. By using 
automatic updates it would be possible to address the issue of variable speed limits as well 
as other potential traffic related messages. Another solution for solving the problem of ISA 
systems detecting transient changes of speed limits would be a local transmitter placed near 
each variable or temporary speed sign which would emit a signal containing current speed 
limit information that would override the speed limit derived from the digital map. Once the 
car is out of reach of this signal, the data contained in the digital map would again be used 
to obtain local speed limit information. 
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8.8.1.c Other Issues with the ISA system 

 
Another issue with the ISA system that may have impacted on the generalisability of the study 
results is that the digital map used for the ISA system only contained information for the 
Melbourne metropolitan area, three major rural cities in Victoria (Bendigo, Ballarat and 
Geelong) and the main highways connecting Melbourne to these rural cities. This did not allow 
for an examination of the effects of ISA in rural areas where the ability to speed is greater due 
to there being less traffic. Previous on-road trials of ISA have also typically been confined to 
urban areas (Brookhuis & de Waard, 1999; Hjalmdahl, 2004; Lahrmann et al., 2001). It is 
therefore important for future ISA trials to examine the effect of ITS systems in rural areas and 
how this differs from metropolitan areas. 
 

8.8.2 Following Distance Warning 

8.8.2.a Problems discovered during acceptance testing that could not be rectified 
 
• One problem identified with the FDW system during the acceptance testing phase was that 

the system functioned intermittently when it was raining. This was due to an intrinsic 
problem with the radar technology and the wavelength used in the current FDW system. 
The molecules of water absorbed the energy of the radar’s electromagnetic radiation and 
obstructed reflection of the signal. There was no practical solution available to rectify this 
problem within the timeframe and the budget of the trial. However, the impact of the 
problem on the study was very limited, as only data where the windscreen wipers were not 
active (and, hence, it was not generally raining) were used in the analysis. 
Recommendation: The wavelength of the radar used in the FDW system should be 
modified so that it is less sensitive to the effects of rain.  Alternative technologies not 
sensitive to rain, such as laser should also be considered (possibly in conjunction with 
radar), as the laser beam is not absorbed by water.  

• Another problem discovered during acceptance testing was that the FDW system issued 
false warnings when the SafeCars travelled through tunnels or when making sharp turns. 
This problem could not be rectified, although some improvements were made by 
mechanically adjusting the angle of radar antenna on individual vehicles and adjusting 
some software parameters. Further rectification of this problem was not possible due to the 
lack of processing power of the in-car computer and the inability of the researchers to 
manipulate/modify the Eaton VORAD (EVT-300) unit’s software. The impact of this 
problem on the study was very limited due to the low rate of the false warnings and, when 
they did occur, the very short duration of these warnings. Recommendation: The solution 
to this problem would require the development of an algorithm that would recognise such 
situations and ignore them. Faster processing power and the direct integration of a scanning 
device (such as EVT-300) into the SafeCar system would further reduce the probability of 
false alarms being issued.    

8.8.2.b Problems experienced and reported during the trial 
 
• The most common problem with FDW system, as reported by study participants was the 

issuing of false alarms in various situations such as when travelling through tunnels, 
passing under a bridge, or detecting vehicles parked on the side of the road. The cause of 
this problem, its impact on the study and the recommended solutions were discussed in the 
preceding paragraph.   



222 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

• Another problem reported by participants was that the FDW system issued warnings when 
other vehicles cut in front of the SafeCar when the headway between the SafeCar and the 
lead vehicle was sufficiently large. During the trial, drivers reported being irritated, and 
even distracted, by the warnings issued by the FDW system when vehicles cut in front of 
the SafeCar. Such cutting-in was judged to be frequently a result of participants adopting 
safe headways. This occurrence is unfortunate result of the driving habits of other traffic 
participants and could not be prevented. Due to limitations of the data logging system it is 
not possible to accurately determine the impact of this problem on the study, but it is 
expected to be minimal. Recommendation:  This is a specific traffic situation that has to be 
assessed from multiple perspectives. These are not false warnings; they irritate drivers 
because they are not issued as a result of their own actions. If considered necessary, an 
algorithm that would recognise such cutting-in episodes could be developed so that less 
intense and, therefore, less irritating warnings can be issued instead of the standard FDW 
audio warnings. 

• The operating frequency of the EVT-300 radar was also reported as a problem by 
participants in some situations. Two participants were stopped by the police when travelling 
in NSW. This was because the NSW police detected the presence of the radar in the 
SafeCar. It is possible that this problem occurred because the frequency of the EVT-300 
system is adjacent to the frequency of the particular radar detector used by the NSW police. 
The frequency of the EVT-300 radar was 24.725 GHz. Transport Accident Commission 
obtained a licence from the Australian Communications Authority to use this frequency in 
the territory of Australia. It has been confirmed that this frequency did not interfere with the 
radars used by the Victoria Police. This problem had little or no impact on the study. 
Recommendation: It should be investigated whether the frequency that is to be used by the 
FDW system would interfere with any other systems or equipment already used in 
Australia. If proven that it could cause interference, the frequency of the FDW system 
would need to be changed. 

 

8.8.2.c Problems discovered during analysis of the data  
 
• It was discovered during the data analysis stage, that the FDW time headway thresholds 

were shorter than was originally specified and that the threshold at which warnings were 
issued was, to some extent, speed dependent. During the acceptance testing of the fleet 
SafeCar it appeared that the thresholds at which the different levels of warnings were issued 
might not correspond accurately to the thresholds specified in the Functional and HMI 
Specifications document. However, due to objective difficulties in securing the ideal 
experimental conditions and the time pressure to start the trial, these thresholds were 
considered acceptable after a series of subjective tests was conducted. The difficulties that 
prevented the accurate measurement of the thresholds were:  

• It was impossible to control the speed of the SafeCar accurately as the SafeCar 
was not equipped with cruise control and the road and traffic conditions during 
the testing affected the speed of the lead vehicle. 

• It was not possible to accurately measure the distance between the SafeCar and 
the lead vehicle. The measurement device used, the Bushnell laser rangefinder, 
had a minimum measurable distance of 17m and the maximum resolution was 
1m. The limitation in minimum measurable distance prevented the detection of 
thresholds at lower time headways at lower speeds. Due to the constantly 
changing relative speed of both vehicles, the reading of the distance between 
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vehicles was always delayed and this also contributed to the inaccuracy of the 
measurements.  

• There was always a delay in detecting the current level of warning displayed due 
to the processing time required for the system to issue the warning and the need 
for subjective judgement. 

• The FDW system was relatively slow in processing road information. It is 
estimated that this delay was around 2 seconds. For example, if the lead car 
started to slow down rapidly, it would take 2 seconds for FDW system to reflect 
this change on the screen and, if necessary, issue an audio warning. The FDW 
signal displayed depended on whether the distance between SafeCar and the 
lead vehicle was increasing or decreasing at the moment of the measurement. 

• Difficulty in securing a safe location where the testing could be performed (a 
closed circuit was not satisfactory because the straight road sections required for 
FDW tests were of insufficient length). 

The effect of this problem on the study was significant, although not critical. Post-trial tests 
were conducted under more controlled conditions. The SafeCar was stationary with the rear 
wheels able to spin free and therefore stimulate the speedometer. A target that simulated a lead 
vehicle was placed in front of the SafeCar and moved a range of distances from the SafeCar. 
The speedometer and radar information (signal reflected off the target) were then used by the 
FDW system to calculate the level of warning to be displayed on the screen. Using this method, 
it was possible to determine the distance between the SafeCar and the target for each threshold 
representing a particular level of warning. This process was repeated for a range of speeds. By 
doing this, it was confirmed that the relationship between time headway and the level of 
warning was not linear, but was affected by the SafeCar speed. Using measurement data, this 
relationship was expressed mathematically and a compensation algorithm was developed. This 
algorithm was then applied to a complete set of data and all data analyses were conducted on 
the corrected data. The resultant time headway thresholds at which different levels of warnings 
were issued were lower than those specified in the Functional and HMI Specifications 
document. For example, the level 6 auditory warning was originally designed to be issued when 
the SafeCar was at travelling at a 1.1 seconds time headway from the vehicle in front. 
However, due to this problem, the level 6 warning was actually issued at a time headway of 
approximately 0.8 seconds time headway, depending on the speed zone. It is possible that these 
lower time headway warning thresholds influenced the effectiveness of the FDW system. For 
instance, it is likely that drivers would have received fewer headway warnings because they 
needed to reach quite short headways before they started to receive auditory warnings. The 
FDW system, therefore, may have had less opportunity to influence following behaviour, 
especially given that the drivers in this study were already relatively conservative.  

• Recommendations:  

• It is recommended that, in the future commercial implementations of this 
system, an accurate measurement method be adopted;  

• The processing of the FDW signals should be at a much faster rate;  

• The acceptable time headway thresholds should be further evaluated; and  

• The relationship between time headway thresholds, levels of warning and the 
speed of the SafeCar should be further investigated and any spurious 
interactions corrected. 
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8.8.3 Seat Belt Reminder System 

8.8.3.a Problems encountered during system development that could not be resolved 
 
• Due to the design of the SBR system, it was not possible to distinguish between driver and 

passengers’ seatbelt wearing data. In the original specifications of the Human-Machine 
interface for the SBR system (Human Factors Meeting 2, 25 February 2000), the system 
was designed in such a way as to distinguish between each seating position and to display 
presence of each occupant on the screen. However, due to technical limitations of the in-car 
hardware, this feature was removed from the functional specifications, as there were not 
enough available hardware inputs for connecting individual seat sensors. The impact on the 
study was significant. It was not possible, when analysing the data, to determine whether, 
when an occupant was unbelted, what seat position that person occupied. This made it 
impossible to determine if the positive changes in seatbelt wearing rates observed related to 
improvements in the drivers’ and/or the passengers’ seatbelt wearing habits. The authors, as 
a consequence, have had to rely on subjective data to seek clarification of this issue. 
Recommendation: It is recommended that the ability to distinguish between occupants be 
incorporated in the future design of SBR systems. This is in line with the Euro NCAP 
recommendations for the SBR system. 

 

8.8.3.b Problems discovered during acceptance testing that could not be rectified 
 
• It was discovered during acceptance testing that the SBR system audio warnings were 

played at a variable repetition rate. This problem was the result of the insufficient 
processing power of the in-car computer. As a result of increased demand on processor, 
each execution of the audio warning would have to wait for other processes to end. 
However, the impact on the study of this issue was minimal. Recommendation:  The 
processing power of the in-car computer should be increased. This is unlikely to be a 
problem in commercial systems, as the commercial systems will be powered by much faster 
processors. Also, the number of processes required by the system, such as logging in and 
out and data logging, will be significantly reduced in commercial systems.  

• It was also discovered that it was possible to circumvent the SBR system by buckling the 
seatbelt before occupant is seated. If left buckled permanently the SBR system would never 
issue warnings. The impact on the study was probably very small. Recommendation: A 
more sophisticated SBR system should be implemented. An example of such system is a 
seatbelt retraction sensor that would, in conjunction with a seat weight sensor, register the 
presence of the person in the seat. Such an approach would prevent this possible way of 
circumventing the SBR. 

 

8.8.3.c Problems experienced and reported during the trial 
 
• During the trial a problem was identified with the weight detection sensors in the seats. The 

weight detection sensors were placed under each seating position in the SafeCar. These 
sensors register when an occupant was seated. A number of the SafeCars required 
adjustments of the weight detection sensors over the course of the trial. The main problem 
was caused by the relatively crude design of the sensor. The weight placed on the seat was 
transferred to a micro switch via the thick foam cushioning of the seat, which was coated 
with adhesive tape. This foam/adhesive tape configuration would change its characteristics 
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over time due to occupants placing and shifting their weight on the seat and required 
adjustments. The impact of this issue on the study was probably minimal. Once drivers 
experienced this problem, they would contact MUARC. They would then be instructed on 
how to circumvent the SBR system until the adjustments to the sensors could be made. 
Recommendation: A more robust sensor (e.g. load cells, stretch sensors) should be used 
and integrated into the seat. This configuration would respond to more accurate thresholds 
with little change in performance over time. This problem is likely to be eliminated when 
the system becomes commercial.  

• In some instances the wires connecting micro switches in the front seats would break due to 
excessive movement of the front seats. It is also possible that the wires were caught by the 
log book or similar object placed near the seat. The impact of this problem on the study was 
quite minor. When the problem was reported to MUARC, the driver would be instructed 
how to temporarily circumvent the system until the problem was repaired. 
Recommendation: The wiring should be made more robust and less exposed to the reach 
of the car occupants. 

 

8.8.3.d Problems discovered during analysis of the data 
 
• During the data analysis stage, it was discovered that the data logging system in the 

SafeCars did not record what gear the SafeCar was in at any given time. It was therefore not 
possible to determine if the SafeCar was in reverse gear. This impacted on the interpretation 
of seatbelt data as many participants did not wear their seatbelt while reversing (which is 
legal in Australia – ARR 264) and it was not possible to filter these events from the data 
when drivers were travelling forward while unrestrained, thus potentially overestimating 
the amount of time participants spent (illegally) unbuckled. For the SBR analyses, all data 
where the SafeCars were travelling below 10 km/h (it was assumed that drivers would 
rarely exceed 10 km/h when reversing) was filtered out in an attempt to resolve this 
problem. Recommendation: It is recommended that the ability to record which gear the 
SafeCar is operating in be incorporated in the future design of SBR systems. 

 

8.8.4 Reverse Collision Warning 

8.8.4.a Problems discovered during acceptance testing that could not be rectified 
 
• It was discovered during acceptance testing that the volume of the RCW audio warning was 

not able to be adjusted by the driver. This was not in accordance with the Functional and 
HMI Specifications developed by MUARC. According to the specifications, the volume of 
warning should be adjustable between 60dB and 90dB. This problem did not impact on the 
study, as the fixed audio level appeared to be easily distinguishable in most situations. 
Recommendations: The volume of the warnings issued by the RCW system should be 
designed so that the driver can adjust them. It is also recommended that the minimum 
volume level be automatically determined and adjusted by measuring the level of existing 
ambient noise in the cabin.  
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8.8.4.b Problems experienced and reported during the trial 
 
• Some of the participants reported that the system issued false warnings when a trailer or a 

bike rack was connected to the rear of the SafeCars. Also, there were reports that the system 
issued warnings when the SafeCar reversed out of a driveway that was angled downward 
and that when reversing, the system detected objects to the side of the vehicle such as 
fences or bushes. This problem had no effective impact on the study. Recommendations: 
Although the system was functioning as intended in all of these cases, introduction of a 
customised system that allows the driver to either turn off the system when towing a vehicle 
or carrying a bike, or to manually adjust the angle of the sensors, is recommended to avoid 
false alarms. A more sophisticated solution could involve incorporation of a learning 
algorithm that, in conjunction with a GPS receiver, recognises such situations and filters out 
false alarms. 

 

8.8.4.c Problems discovered during analysis of the data  
 

• It was discovered during data analysis that no data from the RCW system were recorded 
during the trial. This data collection feature was specified in the Functional and HMI 
Specifications document. When the developed system was tested it appeared that the RCW 
level of warnings was being recorded. Unfortunately, although the software was processing 
this information, the physical connection between the in-car computer and the RCW system 
device was not functional. The existing pin on the chip that would receive the signal from 
the RCW system was, in fact, inactive (not connected). Although a solution for this 
problem was technically possible, it was impractical and beyond the budgetary limits of the 
project at the time. The impact on the study was significant. Objective analysis of RCW 
system was not possible. Also, it was not possible to determine whether the car was 
reversing which was important for Seatbelt Reminder system analysis. Recommendation: 
If a similar study is to be repeated, the in-car computer hardware should be modified to 
accommodate signals from the RCW system. 

 
 

8.8.5 Visual Display 

8.8.5.a Problems discovered during acceptance testing that could not be rectified 
 
• The visual display was smaller than originally specified in the Functional and HMI 

Specifications for on-board Intelligent Transport Systems. The specified screen size was 
80mm by 60mm (3.9”). Due to technical difficulties, the implemented screen was smaller at 
56mm by 40mm (2.7”). The impact on the study was minimal. The specified proportions of 
all messages and icons were maintained and, despite reduced size, all of the messages were 
generally easy to read. Recommendation: The optimal size of the visual display should be 
determined. 
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8.8.5.b Problems experienced and reported during the trial 
 
• The most common complaints received by participants in regard to the visual display 

related to the placement of the display and glare and reflections on the display making it 
difficult to read. Several participants reported that the display was placed too far to the left 
of the driver. One participant reported a problem with a glare on the screen, and a few 
drivers reported problems with reflections on the screen, all of which affected the 
readability of the visual messages. The impact on the study was judged to be minimal. 
Recommendation: While the location of the ITS visual display is in accordance with 
current ergonomic standards for the placement of such displays, the findings from this study 
suggest that ITS displays will be more acceptable and effective if located more centrally, 
for example, in the vehicle instrument cluster. This should also solve problems relating to 
glare and reflections. Also, in a commercial system, less information will be displayed 
(such as start up, shutdown, log in, log out and system configurations messages), thus 
reducing the need for a dedicated visual display.  

• During the hotter months of the trial, the display was prone to overheating when the car was 
parked in areas directly exposed to sunlight. This resulted in a temporary failure of the 
display, resulting in the display not showing visual warnings for around 5 minutes for some 
drivers until the display unit cooled down. The impact on the study was very limited since 
all auditory warnings continued to be issued during such times. Recommendation: This 
problem is unlikely to arise in commercial systems, in which displays are usually hidden 
from direct sunlight and are likely to be more temperature-tolerant. If such a display unit is 
to be retrofitted, a more temperature tolerant display should be used.  

• Only one instance of the display failing to work was recorded during the trial. The screen of 
the unit was black due to the failure of the backlight tube. The impact on the study was 
minimal as the display was promptly replaced with a working one and all auditory warnings 
continued to be issued. Recommendation: A reliable display unit should be used. 

 

8.8.6 Audio System 

8.8.6.a Problems discovered during acceptance testing that could not be rectified 
 
• In the trial vehicles the volume control was implemented in the form of two pushbuttons 

located on the dashboard. The left button would decrease volume while the right button 
would increase the volume of audio warnings and voice messages. Unlike a rotary volume 
control, as specified in Functional and HMI Specifications document, this type of control 
does not provide the user with visual feedback regarding the existing volume settings. The 
impact on the study was minimal. Recommendation: It is recommended that this feedback 
be provided in commercial systems. In a production vehicle, this feedback could be 
integrated into the dashboard display or as a part of the car stereo system.  

 

8.8.7 Speed Request Button, System Override Button 

• While no problems or complaints were recorded in relation to the speed request or system 
override controls, ease of use could possibly be improved. Recommendation: Depending 
on the frequency of use, these buttons could be placed on a steering wheel for easier reach 
in a production vehicle.  
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8.8.8 Data Logging System – possibly not required in commercial systems 

8.8.8.a Problems discovered during acceptance testing that could not be rectified 

• It was discovered that the data-sampling rate of the logging system was inconsistent and 
lower than the 5Hz specified in the Functional and HMI Specifications document. This was 
the result of the limited processing power of the in-car computer. This variability increased 
the complexity of data analysis procedures. The data analysis queries had to be structured in 
such a way as to eliminate, or at least reduce, the effect of this variable rate. For example, if 
the total distance travelled under given conditions was to be calculated, and if the sampling 
rate was consistently 5Hz, only a simple calculation would be needed. However, since the 
time elapsed between two consecutive observations was variable, this time difference had 
to be calculated prior to the calculation of the distance travelled. In the SQL, this additional 
procedure required a significant amount of scripting and processing time. The impact on the 
study was considerable. The time required for data processing and analysis increased 
significantly. Recommendation: If a similar on-road trial was to be conducted, additional 
efforts should be dedicated to the development of a data logging system capable of 
sampling data at a fixed and stable rate. 

• The compact flash cards proved to be a reliable medium for data storage and transport. 
They also contained the in-car software and the digital map. Only two instances of flash 
card failure were confirmed. These failures were, however, caused by improper use of the 
cards. According to the standard procedures, the cards could be removed from the in-car 
computer only after the shutdown process had been completed. This was to ensure that all 
writing to the card had finished. If the card was removed from the cradle while it was being 
written on, it is possible that would suffer some level of damage. In a number of cases, 
participants removed the card from the cradle before shutdown had been completed. 
However, in most of these cases the cards did not sustain damage. The impact on the study 
was not critical. Only one of the cards that failed contained recorded data. Since this was 
the last card to be received from the driver, only data from the last period of the trial was 
unable to be retrieved from the card. Recommendation: The possibility of flash card 
failure may not be relevant in commercial ITS systems since there is possibly less need for 
data to be logged. In future studies requiring data logging, other forms of non-volatile 
memory devices should be considered. 

  

8.8.9 In-car Computer 

8.8.9.a Problems experienced and reported during the trial 

 
• On a number of occasions the in-car computer would freeze and would not accept any 

inputs. Unless the system was reset by unplugging the power connector to the computer and 
then plugging it back, this state would continue indefinitely. During the frozen state no data 
were recorded and no system apart from RCW was active. The impact of this problem on 
the study was minimal, as this problem could be rectified quickly and easily by the 
participants as it only involved them unplugging and reconnecting the power cord to the in-
car computer.  Recommendations: The in-car computer should be designed to be more 
robust. It is also recommended that a reset button be introduced for such cases. Most likely 
these instances of computer freezing were caused by the improper insertion of flash cards 
by drivers. Since such a feature may not be required for the commercial systems, this is less 
likely to be an issue in the future.  



TAC SAFECAR PROJECT: FINAL REPORT 229 

8.8.9.b Problems discovered during analysis of the data    

 
• On a few occasions during the trial, it was discovered that a system clock had reset itself 

when a compact flash card was replaced. Every newly inserted flash card would restart the 
recording from the 1 January 2001. In some cases, the in-car computer had to be replaced as 
this fixed the problem.  In some cases where the end of the trial was imminent, no 
intervention was carried out. The impact on the study was not significant. Although time 
consuming, it was possible to correct the date and time in the recorded data using the date 
and time of each flash card replacement. These dates and times were sent to MUARC by 
drivers together with the full flash cards. Recommendation: The in-car computer clock 
should be designed to be more reliable.   

 

8.8.10 Log in, Log out, iButton – not required in commercial systems 

8.8.10.a Problems discovered during acceptance testing that could not be rectified 

• It was discovered during acceptance testing that the messages informing the driver of a 
change in the system configuration were not as specified. The trial was divided into periods. 
Each period of the trial was characterised by the combination of the individual ITS devices 
that were enable during the period. At the end of each period, a new configuration was 
announced to the driver via a voice message. The content of these messages was specified 
in the Functional and HMI Specifications document. However, during system development, 
these messages were modified by the developers. In order to save space in the memory, a 
shorter message was recorded. These modified messages informed drivers of which systems 
were not going to be activated next time they started the car, instead of which systems were 
going to be activated. The impact of this problem on the study was minimal. The drivers 
were briefed on what configurations of the ITS they would be exposed to, and in what order 
and were also informed that they would receive a message informing them of what systems 
would not be active in the current period. Recommendations: If a similar study is 
conducted correct messages informing the drivers of the systems that will be activated 
should be implemented. This message should be understandable and short. 

 

8.9 METHODOLOGICAL ISSUES 

There are a number of limitations of the current study that need to be addressed in further on-
road trials of in-vehicle ITS systems. These limitations fall into two categories: methodological 
issues and technical issues. The technical issues were discussed earlier, in Section 8.8. The 
methodological issues are discussed in the following section. 

8.9.1 Methodological Issues 

The study utilised a small sample of drivers, with only 15 treatment drivers and eight control 
drivers participating in the trial. This sample size was smaller than originally planned for (n = 
30); due to difficulties in recruiting eligible and willing drivers and the length of the trial, it was 
not feasible to recruit this number of participants within the time frame of the project. A power 
analysis was performed by the researchers to determine if a reduction in the sample size from 
30 participants to around 25 participants would compromise the statistical robustness of the 
findings deriving from the study. The results of this power analysis suggested that a reduction 
in the sample size of this magnitude would not seriously compromise the integrity of the study 
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findings. Nonetheless, it is possible that with a larger sample size and, hence, greater statistical 
power, a greater number of statistically significant findings may have been found. Another 
limitation of the sample was that only a small number of females participated in the study (2 
females), due to difficulties in recruiting eligible female drivers. Such a small sample of female 
participants prohibited the undertaking of any gender comparisons and also makes 
generalisation of the results to the wider female driving population tenuous. However, given 
that the drivers sampled were experienced middle-aged drivers who drove a large number of 
kilometres per year, any gender differences between the drivers are likely to have been 
minimal.  

As with all research, there was an element of self-selection bias in the current study. Given the 
length of the trial and the amount of effort required on the part of the participants to complete 
the trial successfully, it is possible that those drivers who volunteered to participate in the study 
were more safety conscious than those drivers who did not participate. Indeed, the logged 
driving data revealed that the drivers were generally conservative in terms of their speeding and 
following behaviour. Finally, in order to ensure that drivers drove the required number of 
kilometres, only fleet drivers were recruited for the trial and it is possible that fleet drivers may 
also be more safety conscious than the general driving population given that their job could be 
compromised if they drive in an unsafe manner. Indeed, recent research by Symmons and 
Haworth (2005) found that fleet car drivers who had been involved in a crash were less likely 
than non-fleet drivers to have been speeding, to be driving while fatigued or have a Blood 
Alcohol Concentration (BAC) over the legal limit. Further on-road trials, if undertaken, should 
consider recruiting participants from the wider driving population in order to minimise this 
safety bias and gain a greater understanding of how ITS technologies affect drivers of different 
backgrounds and driving experience and exposure levels. 

An unfortunate problem that occurred during the current study was that of driver attrition. Over 
the course of the study, four drivers terminated their participation in the study before 
completing the required number of kilometres. All of these drivers terminated their 
participation due to circumstances unrelated to the study (e.g., retirement or retrenchment) and 
their premature departure from the study was, therefore, beyond the control of the researchers. 
Also, approximately 1,500 kilometres of data for two drivers could not be retrieved from their 
final flashcards due to the cards being damaged, either while in the vehicle or during transit. 
Although this loss of data was disappointing, it is important to note that, of the 150 cars that 
were exchanged between researchers and participants, the data from only two flashcards were 
irretrievable.  

Another, unforeseen, problem that occurred during the project was that a number of 
participants changed positions within their company, which often meant that they were required 
to drive less for work purposes. This had the effect of extending the trial period by several 
months in some instances, which meant that some drivers were exposed to the systems for a 
longer period of time, but not distance, than other drivers. It is difficult to control for driver 
attrition and job changes during such a long trial. However, these issues could be minimised in 
future by only recruiting participants who are not likely to leave the company or who report 
that they are unlikely to be moved to another position within their company during the course 
of the trial.   

A final methodological issue relates to the length of the on-road trial. Due to time and budget 
constraints, the original length of the trial was almost halved prior to participants commencing 
the study. This prevented the examination of long-term adaptation to the systems over a period 
of months. However, given that the logged data consistently showed that drivers adapted 
quickly to the SafeCar systems (within the first 750 kms) and rapidly reverted back to their old 
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habits when the systems were disengaged, it is unlikely (although not impossible) that any 
further adaptation effects would have been found had the exposure periods been longer.  

8.10 CONCLUDING COMMENTS 

In this chapter the key findings to emerge from both the on-road and simulator studies have 
been highlighted and discussed. In addition, some additional analyses that could be conducted 
have been identified. The main finding to emerge from the on-road study is that all three key 
systems were effective in promoting safer driving behaviours and, if implemented on a 
population basis, would be expected to yield significant gains to the community in terms of 
trauma reductions and societal cost. Whilst some instances of negative behavioural adaptation 
to the ISA system were observed, these were very minor in number and magnitude. While the 
ISA system conferred significant benefits, it is important to note that the addition of an FDW 
system amplifies this benefit. The inclusion of a control group in the on road study means that 
the overall findings deriving from it can be considered quite robust and cannot be attributed to 
overall community or environmental changes.   
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CHAPTER 9 RECOMMENDATIONS AND CONCLUSIONS 

 

9.1 INTRODUCTION 

The scientific aims of the TAC SafeCar project were to investigate the separate and combined 
effects of the technologies on driving performance and safety, evaluate driver acceptance of 
them, and to assess the technical operation of the technologies. More broadly, the study was 
designed to make the Victorian community – and indeed the broader community - aware of the 
existence of these technologies and their potential to enhance road safety, as a means of 
initiating societal demand for the technologies.  

In this chapter, general conclusions deriving from the findings from the study are made, 
implications of the findings for countermeasure development are discussed, and 
recommendations for further research are made. In line with the Sponsored Research 
Agreement between MUARC and the TAC (p. 22), the chapter specifically incorporates the 
following:  

 
• Practical recommendations for the implementation of one or more ITS technologies tested 

on a larger scale in Victoria where it is found that they are likely to have a substantial effect 
in reducing crashes and injuries; 

• Identification of potential problems with the use of ITS devices identified in the field trial 
and in the simulator studies, together with recommendations to minimise or eliminate these; 
and    

• recommendations for future research in this area.  

 

9.2 GENERAL CONCLUSIONS 

Some general conclusions can be drawn from the findings presented and discussed in the 
previous three chapters.  These are outlined below. Unless otherwise stated, these relate to the 
findings derived from the on-road study.  

9.2.1 System Effectiveness 

The findings from the on-road study revealed that the Intelligent Speed Adaptation, Following 
Distance Warning and Seat Belt Reminder systems had a positive effect on driving 
performance, for almost all of the variables examined. Inclusion of a control group in the study 
allows us to conclude that the bulk of the effects on driving performance of the technologies 
observed are unlikely to have been attributable to other, uncontrolled factors.  

Intelligent Speed Adaptation (ISA). The ISA system is effective in reducing mean, median, 
and 85th percentile speed, as well as the maximum speed reached per trip, in most speed zones 
in Victoria. The system is also effective in reducing speed variability and in considerably 
reducing the percentage of time drivers spent travelling above the speed limit, without 
increasing travel times. The system is more effective when speed is less constrained by 
surrounding traffic. Surprisingly, there is no evidence from this study to suggest that ISA on its 
own is effective in reducing fuel consumption. However, there is evidence that it significantly 
reduces vehicle Nitrogen Oxide and Hydrocarbonate emission volumes in 80 km/h zones.   
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The findings from the simulator study confirm that ISA is effective in reducing mean and 
maximum speeds. Other benefits were also discovered in the simulator study: the ISA system is 
sometimes effective in reducing speed on the approach to curves; experienced drivers perceive 
less workload when interacting with the actively supporting variant of the system than when 
not interacting with ISA; and ISA appears to reduce driver workload by freeing up attentional 
resources for additional tasks, such as responding to information on road-side signs.    

The findings from the on-road study are impressive, given that the drivers in it were reportedly 
conservative in their driving behaviours before, during and after the study, and given that it 
took place during a period of time in which speeding in Victoria correspondingly reduced in 
response to a lowering of Police-enforced speeding tolerances and associated other factors.   

The findings from the simulator study suggest that ISA alerting systems may be slightly more 
effective than ISA actively supporting systems in reducing mean and maximum speeds. Given, 
however, that inexperienced drivers in the simulator study found the alerting variant less 
acceptable after short duration exposure to it, it is not known whether the slight advantage for 
the alerting system observed in the simulator would result in a relatively greater safety benefit 
in the real world.  

Following Distance Warning (FDW). The FDW system is effective in increasing mean time 
headway (that is, the travel time separating the SafeCar from the vehicle in front) and time 
headway variability. The system is also effective in decreasing the percentage of time spent at 
time headways below 0.8 seconds and in increasing the minimum time headway reached per 
trip. These latter two effects, although pronounced, were not found to be statistically 
significant.  

Seat Belt Reminder (SBR). Use of the SBR system can be expected to lead to large decreases 
in the percentage of trips undertaken where occupants are unbelted, in the percentage of total 
driving time spent unbelted, in average and peak speeds reached before buckling up, in the time 
taken to fasten a seat belt in response to the seatbelt warnings, and in the time spent unbuckled 
whilst travelling at speeds of 40 km/h and above. The findings from this study suggest that 
most vehicle occupants, when they act on the warnings from this system, will buckle up in 
response to the Stage 1 (visual) SBR warnings rather than waiting for the Stage 2 warnings. 
The authors are unable to conclude, from either the subjective or objective data, whether the 
benefits observed in the study relate mainly to drivers or to passengers.  

Reverse Collision Warning (RCW). No objective conclusions can be made about the 
effectiveness of the RCW system, given that a technical limitation prevented data from this 
system from being logged.   

System Interactions. ISA and FDW can be expected to have positive synergistic effects when 
activated at the same time. The ISA system is most effective in reducing speeding when 
combined with the FDW system. However, in terms of following behaviour, the combined 
systems are no more effective than FDW alone in increasing time headways. Evidence from 
this study suggests that ISA and FDW when combined are more effective than ISA alone in 
reducing fuel consumption and vehicle emission volumes.  

Behavioural Adaptation. The positive effects on driving performance induced by the key 
systems investigated in this study can be expected to persist only while the systems are active: 
driving performance after system de-activation was, in this study, usually the same as that 
before system activation. One practical implication of this finding, based on the result of this 
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study, is that these devices appear to have no potential to be used as training aids whereby a 
benefit remains after the device has been switched off or removed.  

Adaptation to the ISA and FDW systems, alone or combined, appears to occur rapidly and, in 
this study, changed little while the systems were active.  

There is very little evidence, from the on-road study and from the simulator study, of negative 
behavioural adaptation to any of the SafeCar systems. The findings from the simulator study 
suggest that less experienced drivers may be more likely than experienced drivers to adapt in a 
negative manner to the ISA system. On balance, it is considered that the positive effects of the 
systems observed in the two studies are likely to far outweigh any instances of negative 
behavioural adaptation.  

Time of Day. For the variables examined, ISA and FDW appear to be equally effective in 
positively changing driving behaviour at night and during the day. 

Driver Age and Experience. For the variables examined, the effectiveness of the ISA and FDW 
systems does not differ significantly between drivers younger than 45 years of age and those 
aged 45 years and older. The findings from the simulator study suggest, however, that more 
experienced drivers (mean age 38 years) may derive slightly more benefit from ISA than less 
experienced drivers (mean age 20 years).  

Fuel Consumption. There is some evidence that ISA and FDW, when combined, can reduce 
fuel consumption and vehicle emissions. A significant reduction in fuel consumption was 
found, but only in 80km/h zones, when the ISA and FDW systems combined were active. CO2 
emissions also decreased significantly, but only when both ISA and FDW were active and in 80 
km/h zones only. A significant reduction in NOx and HC emissions was found in 80 km/h 
zones only when the ISA system alone was active. Finally, significant reductions in NOx and 
HC emissions were found in 60 km/h (NOx only) and 80 km/h zones when both the ISA and 
FDW systems combined were active. 

Crash and Injury Reductions. The positive changes in driving performance observed in this 
study can be expected to translate into large crash reduction benefits and crash cost savings if 
the systems trialed are widely deployed in Victoria. The ISA system is estimated, based on 
modelling of reductions in mean speed, to reduce fatal and serious injury crashes by up to 8 and 
6 percent, respectively. Greater expected reductions are predicted if it operates in conjunction 
with the FDW system. The ISA system, with and without FDW, is extremely effective in 
reducing the amount of time spent travelling above the speed limit, even for conservative 
drivers. It is possible that further crash modelling, that utilises as data these reductions rather 
than the reductions in mean speed would yield significantly greater crash reduction estimates 
than these.   

The FDW system is expected to reduce the percentage of driving distance spent in rear-end 
collision mode (i.e., where the rear vehicle would collide with the lead vehicle if it braked 
suddenly) by up to 34 percent, under conditions where the lead vehicle is braking at a moderate 
rate (0.35g).  

Finally, use of the SBR system is expected to save the Australian community approximately 
$335 million per annum in injury costs. 
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9.2.2 Driver Acceptance 

The questionnaires administered to participants, and other communications with them 
throughout the study, yielded subjective data relating to the acceptability to drivers of the 
systems implemented in the SafeCars, the level of workload participants experienced while 
interacting with the systems, and attitudinal and other factors of interest. The simulator study 
also provided some additional subjective data for the ISA system.    

The ISA, FDW, SBR and RCW systems were generally rated as being effective useful, and 
socially acceptable. This was the case prior to, and after, experience with the systems.  

Effectiveness. Generally, the SafeCar systems are perceived by drivers to be effective in 
reducing the incidence and severity of crashes. The ISA and FDW systems were additionally 
rated as being effective in reducing the probability of being fined. Drivers believed that that 
they would not become over-reliant on the technologies. Drivers believed that the ISA, FDW 
and SBR systems would be effective for drivers who inadvertently practice unsafe driving 
behaviours, but not for those who intentionally do so. Drivers agreed that they would lose trust 
in the systems if they issued false warnings or failed to issue warnings when they should.    

Usability. The SafeCar systems are usable in their present form. Generally, drivers in this study 
found the systems easy to learn to use, easy to remember how to use, easy to use, and satisfying 
to use. This is a testament to the careful attention paid to the ergonomic design of the human-
machine interface of the on-board systems, and to the comprehensive training provided to 
drivers in how to use them.  

Usefulness. Generally the SafeCar systems are perceived by drivers as useful. After exposure 
to the systems, the relative rankings of the systems in terms of usefulness, from most to least, 
were as follows: SBR (for passengers), RCW, SBR (for drivers), ISA and FDW. In the 
simulator study, the informative ISA system was rated by inexperienced drivers as relatively 
more useful than the actively supporting ISA system, after short-term exposure to it.  

Social Acceptability. Drivers are likely to find the SafeCar systems socially acceptable. The 
drivers in this study felt that the systems did not take too much control away from them. They 
were consistent, however, in their preferences for not having systems that take away any more 
control away from them.  

Workload. None of the SafeCar systems appears to increase driver workload whilst activated. 
On the contrary, the RCW system, and to a lesser extent the SBR system, reduced self-reported 
driver workload. The simulator study further confirmed that interaction with ISA does not 
increase subjective estimates of driver workload.  

Distraction. The SafeCar warnings are unlikely to distract drivers from attending to other 
driving tasks, at least in their current configuration. Generally, drivers did not believe that the 
warnings issued by the systems distracted them while driving or compromised their safety. 
Some drivers, however, found FDW warnings distracting when triggered by other vehicles 
cutting in front of them and by tunnels and bridges, and most drivers reported increased 
frustration when FDW warnings were being issued.    

Attitudes. Interacting with intelligent transport systems, such as those in this study, can 
positively enhance drivers’ awareness of road safety issues. After using the systems in this 
study, for example, drivers were more aware of the requirement to wear a seatbelt when 
travelling slowly and to adhere to the recommended time headway. Interaction with such 
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systems, however, appears to result in drivers being less likely to want to interact with systems 
that take even more driver control away from them.   

Affordability. Drivers are not likely to want to pay much to purchase and maintain any of the 
SafeCar systems. Drivers in this study were willing to pay no more than $275 to purchase any 
of the systems for a new or existing car. They were willing to pay most for the RCW and ISA 
systems. Drivers were willing to pay no more than $50 for installation of any system and were 
not willing to pay for yearly maintenance of the devices.  

Interest in keeping Systems. Most SafeCar systems are deemed sufficiently acceptable by 
drivers to make them want to keep them. Most drivers expressed interest keeping the ISA, SBR 
and RCW systems after completion of the study. After exposure to the systems, drivers were 
less likely to want to keep the FDW system, and there was also some evidence that they were 
slightly less likely to want to keep the ISA system. The relative interest in keeping the systems 
at the end of the study, from most to least, was as follows: RCW, SBR, ISA and FDW. 

9.2.3 Technical Operation 

The FDW and RCW systems were purchased “off the shelf”. The SBR and ISA systems, 
however, were designed and developed locally. Even the FDW system, however, required 
certain modifications to enable it to operate as a following distance warning system rather than, 
as originally designed, a forward collision warning system. All of the systems were built and 
refined to operate as closely as possible in accordance with system specifications developed by 
the project team. 

At different stages of the project the technical operation of the technologies was assessed 
against the original specifications developed by the project team – prior to acceptance testing, 
during acceptance testing, and during the field trial itself. Prior to, and during acceptance 
testing, some technical problems were identified. Most of these were able to be rectified. Some 
additional, unforeseen, problems, however, emerged during the trial itself. Again, most of these 
were rectified.  

The significant problems that remained, their impact on the study and recommendations for 
resolving them in future are detailed later in this chapter. It can be concluded, however, that, on 
the whole, the systems were reliable and performed well. It is noteworthy that this was so even 
though the prototype systems were developed, tested and refined in a far shorter timeframe, and 
with a far smaller budget, than comparable commercial systems.   

9.2.4 Summary  

In summary, it can be concluded that the SafeCar systems deployed in this study are likely to 
yield significant safety benefits and that they are acceptable to drivers and technically reliable.  

It is probable that the effects yielded by this study would have been larger in number and 
magnitude if the participants had been less conservative drivers, if their performance had not 
been so closely monitored, if the FDW system had issued warnings earlier, and if the trial had 
taken place at a time when general speed levels in Victoria were not simultaneously decreasing. 

The participants in this study, being company fleet drivers, were not entirely representative of 
the Victorian driving population. In addition, the number of participating drivers was less than 
originally planned for. Consequently, the positive findings reported here may also have been 
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greater in number and magnitude had the study involved a greater number and variety of 
participants.  

 

9.3  IMPACT OF THE STUDY   

Whilst the findings from this study are yet to be formally disseminated, there have already been 
some positive benefits from the project.  

9.3.1 SafeCar Systems in Production Vehicles  

With the exception of the RCW system, the ITS technologies fitted to the SafeCars were not 
available in locally produced vehicles in Australia at the time of commencement of the project 
(in June 1999). Since the commencement of the project, Ford in Australia has equipped a 
Seatbelt Reminder and Reverse Collision Warning systems to their BA model Falcon. The 
BeltminderTM and sonar reverse collision sensing systems first became available as original 
equipment on the BA model Falcon, which was launched in September 2002. The 
BeltminderTM is now standard across the range on Falcon and Territory models. Reverse 
sensing is standard on  Falcon Ghia, Fairlane, LTD (Sedan only) & Territory Ghia models and 
is optional on Territory TS and all other Falcon sedans (excluding E-Gas vehicles). Reverse 
sensing is available as an aftermarket accessory on Territory TX (Base model) and all Falcon 
sedans.  Ford have advised that the preliminary findings of the SafeCar project helped reinforce 
advanced product plans to introduce the corporately developed BeltminderTM system to the 
BA Falcon. References to the TAC SafeCar project are included Ford public presentations on 
vehicle safety which emphasise the importance of real-world research in understanding 
customer acceptance of intelligent safety features and their effects on human behaviour. Holden 
have also equipped SBR and RCW systems to their Commodore range. The RCW was 
introduced in the WK model Holden Statesman in 2003. The system has been standard on high 
specification models and the Commodore Acclaim for at least 2 years and optional on other 
models. A SBR system for the driver's seated position only has been fitted to the Commodore 
range for over 2 years.  

 

9.3.2 SafeCar Systems in Vehicle Fleets  

VicRoads, the Victorian roads and traffic authority, has trialled ISA in several of its own fleet 
vehicles. Ford Australia has worked with VicRoads to develop an ISA system for these 
vehicles. It is understood that the specifications for the VicRoads systems are partially based on 
the specifications developed by MUARC for the SafeCars. VicRoads implemented ISA in five 
of its fleet vehicles in 2004. The ISA system is implemented on a Compaq IPAC Personal 
Digital Assistant (PDA). Software development and system integration activities were 
undertaken by a local company. The system utilises a commercially available GPS unit, which 
plugs into the PDA via the PCMCIA slot. The digital map is the version used in the TAC 
SafeCar project, which was developed in conjunction with VicRoads. Ford Australia developed 
an accelerator haptic feedback system for the vehicles, functionally similar to that in the TAC 
SafeCars. Upward pressure is provided when the vehicle speed exceeds the speed threshold.. 
The system can operate as an actively supporting system, with or without visual and auditory 
messages. The vehicles also have a limited data logging capability. The system has been 
deployed mainly to gauge user acceptance of the systems. 
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The TAC has benefited from this activity; one of its own recent model vehicles (a 2005 BA 
Falcon) has also been fitted out a with an ISA system identical functionally to that in the 
SafeCars. MUARC has also purchased one of the original SafeCars as a demonstration vehicle 
and as a platform for further ITS research.   

9.3.3 Other Industry Developments 

It is understood that the TAC is currently investigating the feasibility of developing a 
retrofitable ISA system for post-1990 vehicles that could be made commercially available.  The 
project and preliminary learnings from it have, directly or indirectly, spawned interest in ISA 
by local Australian industry.  

9.3.4 Publicity  

The SafeCar project has attracted a large amount of publicity, locally and internationally.  

Since its inception, the project been promoted locally and internationally by ITS Australia, the 
peak lobby group for ITS in Australia. It was actively promoted by the then Deputy Prime 
Minister, John Anderson, at the ITS World Congress in Sydney in 2001. Along with the 
Austroads-funded Intelligent Access project, it has been promoted as Australia’s leading ITS 
research and demonstration project.   

The SafeCars have been publicly showcased (to the knowledge of the authors) at the 2001 ITS 
World Congress in Sydney, at the 2003 Melbourne Formula 1 Grand Prix, at the SaferRoads 
project launch at Parliament House on 31 March 2004 and at the 2004 Australian Local 
Government Association (ALGA) Roads Congress. A 2005 BA model Ford Falcon especially 
equipped by the TAC with the SafeCar systems was showcased and demonstrated, along with 
other ITS-equipped vehicles, at the Smart Demo 2005 intelligent vehicle trial and exhibition in 
Adelaide, Australia, in September 2005.  

The project has attracted a lot of unsolicited media attention. It has been the focus of around 10 
local and national television interviews, 10 significant newspaper and magazine feature articles 
and numerous radio interviews. A feature story on the project featured in the June/July 2005 
edition of Traffic Safety International, the leading international industry journal on ITS 
research and development activities.   

Aspects of the design, implementation and preliminary findings from the study have been 
discussed in a wide range of forums since the project began. More than 20 conference papers 
relating to the project have been presented by MUARC and TAC project team members, 
locally and overseas, and around 10 invited presentations on the project have been delivered by 
the MUARC SafeCar Project Director, Dr Michael Regan, in Australia, France and Sweden. At 
the time of publication of this report, two invited articles describing the outcomes of the 
research had been submitted for publication in peer-reviewed journals. One (Regan, Young et 
al., 2006) was published in a 2006 volume of the journal IEE Proceedings Intelligent Transport 
Systems, and the other (Young, Regan et al., 2006) was about to be published in the Journal of 
Intelligent Transportation Systems (see Reference list for details). 

Finally, at the 2005 Australasian Road Safety Research Policing and Education Conference in 
Wellington, New Zealand, Dr Michael Regan accepted (on behalf of the research team) the 
prestigious Peter Vulcan Award for best research paper, for a paper outlining the key final 
objective findings of the TAC SafeCar project.    
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9.3.5 Government Policy 

Federal and State Governments, and government authorities, have shown interest in the 
SafeCar project.  

MUARC was invited in late 2004 to provide input to consultations initiated and conducted by 
the Federal Department of Transport and Regional Services. These related to the development 
of a national strategy for the deployment of Intelligent Transport Systems. MUARC was 
invited to give advice, principally on the basis of its experience with the SafeCar project.   

In June 2004 the MUARC SafeCar Project Director, and MUARC’s Director, gave evidence at 
the NSW Parliamentary STAYSAFE Committee’s Inquiry into Vehicle-Based Technologies to 
Better Monitor, Manage and Control Speed. Much of the evidence given by the MUARC 
representatives derived from their experience with the TAC SafeCar project. Several members 
of the StaySafe Committee and the Victorian Parliamentary Road Safety Committee have 
driven the TAC SafeCars in Melbourne. The StaySafe Committee appears to strongly support 
the wider deployment of ISA in Australia.    

There is reference to the SafeCar project in Victoria's Vehicle Safety Strategy and Associated 
Action Plan for the years 2004-2007. There is also reference to the SafeCar project in the 
National Road Safety Strategy Progress Report for 2004 and in a related Panel Summary 
Record.  

Finally, there is also reference to the SafeCar Project in a National Road Safety Eyes on the 
Road Ahead Inquiry into National Road Safety Parliamentary Paper (Number 149), tabled on 
21 June 2004.  

9.3.6  Research and Development 

The SafeCar project commenced at a time when there was very little practical guidance 
available relating to the design, specification, testing, deployment and evaluation of vehicle 
intelligent transport systems. As a result, several leading edge activities were undertaken within 
the scope of the project.  

The study was the first to trial the application of a (then) draft standard, developed by Sub-
Committee 13 of the International Organisation for Standardisation (ISO), for the design of 
message priority systems for competing vehicle cockpit warnings and messages. Feedback 
derived from this activity was fed back to the ISO which partially informed the development of 
the final version of that standard (ISO 16951 – Road vehicles – Ergonomic aspects of transport 
information and controls systems – procedure for determining priority of on board messages 
presented to drivers).  

At the time the study commenced, a document was being developed at the then Swedish 
National Road Administration in Sweden that was a precursor to the current Seat Belt 
Reminder Assessment Protocol that is used under the ANCAP and EuroNCAP systems.  The 
design of the SafeCar SBR system was considered in developing that document.  

The study is the first intelligent vehicle field evaluation, known to the authors, to have 
designed, developed and employed a specific program of training for the users of ITS 
technologies. The content of the training program derived from training needs analysis and the 
training materials were developed in conjunction with a local expert in instructional design. 
The training program was designed to address the key skills, knowledge and attitudes relevant 
to the safe use of ITS technologies. The content of the program, which is documented in a 
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companion document to this report (“TAC SafeCar Project – Phase 2: Training Needs Analysis 
Report 1”), can be expected to be of use to researchers, system developers and vehicle 
manufacturers. The briefing and training materials deriving from the training needs analysis are 
contained in Appendices L to T of this report.  

At the time the project was conceived, there did not exist, in the opinion of the authors, 
research tools for adequately assessing - before, during and after use of ITS technologies – 
issues of driver acceptability, workload, attitudes and other measures relating to driver 
acceptance of the systems. Aspects of the questionnaires used were developed for this purpose 
from first principles by the SafeCar project team, and the international research community has 
already signalled interest in having access to these questionnaires.  

At the time the study commenced, there were no known standard protocols for technical 
acceptance testing any of the SafeCar technologies; and it is understood that this is still the 
case, even for widely researched systems such as ISA. Customised procedures for testing that 
the systems operated technically, as originally specified, were developed from first principles 
by the SafeCar project team. These procedures may be of use to system developers and vehicle 
manufacturers. 

The human-machine interface was designed, at the time, in accordance with best ergonomic 
practice. The interfaces for the ISA and SBR systems remain to this day unique in their design. 
There did not exist early in the project any standardised protocols for testing the usability of the 
human-machine interface for in-vehicle ITS technologies. A customised usability testing 
protocol was thus developed and used to ensure that the SafeCar system interfaces were refined 
and optimally user-friendly prior to system deployment. The interface designs, whilst not 
patented, may be of interest to the developers of production systems.   

The SafeCar project has been the centrepiece of ITS research activities at MUARC for the last 
seven years. During this time, the knowledge, skills and reputation gained by MUARC through 
its involvement in the project has spawned a large and expanding research program that has 
culminated in many published reports that have examined a wide range of ITS-related research 
issues in the domains of road, aviation and occupational safety. The initial review of the 
literature, undertaken for Phase 1 of the SafeCar study, led to the publication in 2001 of a 
seminal report titled “Intelligent Transport Systems: Safety and Human factors Issues” (Regan, 
Godley, Oxley and Tingvall, 2001) which is still used locally, and internationally, as a resource 
document. Other research publications have led, in some cases, to the deployment of ITS 
technologies in other domains (e.g., on forklift trucks), thus indirectly benefiting other sectors 
of the community.  

The development of the SafeCar systems, which involved Ford and several local engineering 
and software companies, has provided local industry with expertise and knowledge in 
developing ITS-related systems. At least one of these companies has patented some of the 
software developed for the SafeCars.     

9.3.7 Legal and Ethical Issues 

The SafeCar systems were installed in registered production vehicles and the study was 
undertaken by an Australian university. Consequently, there were many legal and ethical issues 
that had to be identified and resolved before the study could be undertaken. These were 
outlined in Chapter 5 of this report, and relate to the need to exercise a duty of care to fleet 
drivers and the general community, privacy, and intellectual property. Many of these issues will 
be relevant to future deployment of the systems, in research vehicles or production vehicles.     
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9.3.8 Internet References 

A quick Internet search using the Google search engine reveals that the TAC SafeCar project is 
widely known and cited. Papers and articles deriving from the project have been cited in ITS-
related journals and conference papers (e.g., ITS World Congress on Intelligent Transport 
Systems, International Crashworthiness Conference, International Conference on Traffic & 
Transport Psychology, ITS International, Urban Ecology Australia, Traffic Technology 
International and the Belgian Journal Veereersspecialist). Reference to the project is made in 
various local and international documents, including Australian National Road Safety Strategy 
2001-2010 progress reports, in recommendations submitted to the US National Transportation 
Safety Board, in a 2002 European Transport Safety Council policy paper and in a 2001 report 
on world in-vehicle ITS developments by the Dutch research organization SWOV. The project 
is listed on the Australian Government’s ‘Australian Occupational Health and Safety Research 
Database’, is cited by the European SpeedAlert Consultation Group, and is referenced in 
Victoria’s Vehicle Safety Strategy and Associated Action Plan for 2004 – 2007. 

9.3.9 International Connections 

The TAC SafeCar project has spawned important connections with researchers and bodies 
overseas.  

The MUARC SafeCar Project Director has delivered invited presentations on the project in 
France (in Lyon, at the European e-Safety Conference in 2002; at the invitation of the European 
Commission) and in Sweden (in 2001, at the invitation of the Swedish National Road 
Administration). During the same trip to Sweden, discussions were held with Folksam 
Insurance, SAAB and Volvo. In-house reports on these visits were prepared. As also noted, the 
TAC SafeCar project indirectly informed some aspects of the design of the ISA trial in 
Borlange, in Sweden.  

In 2002, the MUARC Project Director was appointed by Standards Australia as the Australian 
Representative on International Organization for Standardisation (ISO) Technical Committee 
(TC) 22, Sub-Committee (SC) 13 (“Ergonomics Applicable to Road Vehicles”). The 
Committee develops international standards for the ergonomic design of road vehicle cockpits, 
including ITS technologies. This appointment stemmed in large part from MUARC’s 
involvement in the SafeCar project and has spawned direct collaboration between Dr Regan 
and members of this Committee, most of whom work for overseas vehicle manufacturers. The 
Committee is aware of the project. This appointment has been of mutual benefit to the project 
and to the standardisation activities of the committee, as learnings from the SafeCar project 
have informed some standards development activities.  

In October 2001 the Project Director was invited by the European Commission to become the 
Australian member of a collaborative forum known as ATLANTIC (A Thematic Long-term 
Approach to Networking for the Telematics and ITS Community). This forum brings together 
recognized experts working in Transport Telematics and Intelligent Transport Systems research 
and development work in Europe, the United States and Canada. ATLANTIC acts as a forum 
for debate, information sharing and trans-Atlantic cooperation, and supports European policy 
development. Again, membership of this forum directly derived from MUARC’s involvement 
in the SafeCar project.  

In 2001, the European Commission invited MUARC to become a “supporting partner” for two 
Intelligent Transport Systems-related projects in the EC 5th Telematics Framework: ADASE II 
(a Thematic Network, similar to ATLANTIC, but restricted primarily to information exchange 
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between researchers in EC member countries) and RESPONSE II (dealing with legal and social 
issues relating to intelligent vehicle deployment). This has been an informal arrangement, 
through which the European Union has facilitated MUARC’s involvement in some 
international workshops associated with major ITS conferences and has facilitated contact with 
key researchers for these projects. 

Between November 2002 and May 2003 Mr Magnus Hjälmdahl, a PhD student in the 
Department of Technology and Society at the University of Lund, Sweden, completed the final 
stages of his PhD at MUARC under the direction of the MUARC SafeCar Project Director. Mr 
Hjälmdahl requested that he be able to complete his research at MUARC because of its 
expertise derived from the SafeCar project. This was a mutually beneficial collaboration: Mr 
Hjälmdahl became better acquainted with the SafeCar project, which informed further progress 
on his PhD. In turn, he provided valuable advice on a number of issues relevant to the analysis 
of the logged SafeCar data and the design of the simulator experiment.  

Finally, partly as a result of MUARC’s involvement in the SafeCar project, MUARC is 
involved, to varying degrees, in the activities of following international committees and 
working groups: 

• International Task Force on Vehicle Highway Automation  (US); 

• European Commission-funded AIDE project (EU); 

• International Working Group on Speed Control (Europe); and 

• World Wide Platform for Safe Speed Initiatives (Japan). 

 
In summary, whilst the final outcomes from the SafeCar study are yet to be formally 
disseminated, the project has already had some impact on local and international ITS-related 
thinking and activities.   

9.4     RECOMMENDATIONS 

Several recommendations can be made. These derive from all phases of the SafeCar project. 
Where appropriate, options for implementing the recommendations are also made.  

 

9.4.1 Wider -Scale Implementation 

There is enough converging evidence, from this study and from other ISA studies undertaken 
overseas, that ISA, even at its current stage of technical maturity, has significant road safety 
and other benefits. This has prompted some jurisdictions to deploy the systems widely. The 
Swedish Road Administration, for example, is understood to be equipping all of its 
approximately 1600 fleet vehicles with an alerting ISA; and in Norway, 200 out of every 500 
new novice drivers per year in one region of the country will be given a limiting ISA system 
(Carsten, 2004).  Japan is understood to be about to deploy an ISA alerting system on a massive 
scale (Terezaki, Iso & Kurata, 2003; cited in Carsten (2004).    

The findings from this study are consistent with those deriving from the large-scale Swedish 
ISA trials which found that the actively supporting variant of ISA is both effective and 
acceptable to drivers. These Swedish findings further suggest that reductions in average speed 
are similar for informative and actively supporting variants of ISA, but that the latter system is 
superior in reducing speed variability. These results, along with the positive outcome from the 
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actively supporting system from the current field study, provide strong support for wider 
deployment of this system in Victoria.  

The Swedish findings also suggest that driver acceptance of informative systems after use is 
slightly higher than that for actively supporting systems, although Swedish researchers 
acknowledge that this may be reflective of technical problems experienced with the latter 
system during their trials. In the current program reported here, no on-road study was made of 
the ISA informative system. The two variants were, however, evaluated in the simulator study 
and both systems were found to have a positive effect on driver behaviour. Given that ISA 
informative systems exist that can be easily fitted to existing vehicles with little fitment cost, a 
case can be made for wider-scale deployment of this system as well. Given the likely safety 
benefits that would accrue from such implementation, a parallel independent deployment of 
lower cost informative systems would appear to be warranted. 

On the basis of this discussion the following recommendations are made: 

Recommendation (s): 

• Both informative and actively supporting ISA systems are suitable for deployment on a 
wider scale in Victoria. Both variants should be more widely deployed on a wider scale.  

• Developments in technology that enable implementation of informative ISA systems on 
portable mobile phones and Personal Digital Assistants (PDAs) should be encouraged as 
these systems will precede production systems in new vehicles and can be widely deployed 
at relatively low cost. It is critical, however, that such systems are ergonomically designed 
and located in vehicles to minimise driver distraction.    

There is also evidence from the present study that the Seat Belt Reminder system is effective in 
improving seat belt wearing behaviours, particularly for passengers, and that it is acceptable to 
drivers. 

Recommendation: 

• The Seat Belt Reminder system should be deployed on a wider scale in Victoria.  

 

The term “wider scale” rather than “wide scale” is used here. For the reasons outlined below, it 
is the opinion of the authors that truly wide-scale deployment of the ISA system should not 
occur until the scope and accuracy of the existing digital map is enhanced and there is a 
mechanism in place to maintain accuracy of the map. As discussed below, the only factor 
currently preventing truly wide-scale deployment of the SBR system is lack of demand for it 
from fleet owners and the general community, which is needed to encourage greater production 
of the devices by vehicle manufacturers.    

Whilst the Following Distance Warning system was effective in increasing car following 
distances and further enhanced the effectiveness of ISA, it is not recommended that it be 
deployed on a wider scale in Victoria at this point in time. The unit cost for this system is still 
relatively high compared to the ISA and SBR systems. Furthermore, to be acceptable to drivers, 
further research and development is needed to minimise nuisance and false warnings issued by 
the system and to optimise the ergonomic design of warnings issued by it – assuming, that is, 
that there does not currently exist a low cost system, unknown to the authors, that is acceptable 
to drivers and is less prone to issuing false and nuisance warnings.   
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Recommendation(s): 

•  Large-scale deployment of the Following Distance Warning system is recommended if 
these systems are available at acceptable prices, the nuisance and false warnings issued by 
the system are minimised, and the ergonomic design of warnings issued by it is acceptable 
to drivers.  

• It is recommended that further consideration be given to wider scale deployment of 
combined ISA and Following Distance Warning systems given the positive effects that 
derive from use of the Following Distance Warning system on its own and the additional 
positive effects that result from having the two systems operate in tandem.   

 
Options for Achieving this: 
There are essentially 4 options for the wider-scale deployment of ITS technologies: (1) 
mandatory fitment of commercial systems to new and used vehicles beyond a certain date 
(through regulatory change); (2) mandatory fitment of commercial systems to new and used 
vehicles beyond a certain date (by changes to company policies that affect their own vehicles, 
or by changes that require their sub-contractors to have the systems fitted to their vehicles as 
part of a chain of responsibility program); (3) the imposition of commercial systems as a 
sanction for recidivist speeders and non seat-belt wearers; and (4) voluntary uptake, by ordinary 
motorists, of commercial systems fitted to new vehicles or purchased as retrofitable systems. In 
addition, there is provision, through the Australian New Car Assessment Program (ANCAP), to 
provide incentives to vehicle manufacturers to fit these systems to new vehicles. Such 
incentives are already provided, under both ANCAP and EuroNCAP, for the fitment of the 
SBR system to new vehicles. Under ANCAP, up to 3 bonus points are awarded for the fitment 
of an “advanced seat belt reminder system”. In reality, one or more of the above options can be 
pursued in parallel.  

Option 1 would, in the case of ISA, require a change to the Australian Design Rules, which 
could take considerable time.  

Option 2 is desirable in the interim, as the systems can be quickly fitted to a large number of 
vehicles, which would rapidly percolate through the community as vehicles are sold to ordinary 
motorists. Options 1 and 2 would require the calculation of cost benefit ratios, to convince 
regulators and fleet managers of the benefits of the systems. These could be calculated using 
data derived from the TAC SafeCar project and more detailed assumptions regarding the timing 
and nature of implementation, when this is decided. Greater voluntary demand by fleet 
managers for ISA and SBR systems would also increase the likelihood of vehicle 
manufacturers fitting these systems to new vehicles in order to obtain more bonus points under 
ANCAP.     

Option 3 would not be a practical option for the deployment of the ISA and SBR systems 
evaluated in this study. Both are alerting systems, and the warnings issued by them are likely to 
be ignored by recidivist speeders and non seat belt wearers. Also, the systems, if not 
sufficiently tamper proof, are likely to be circumvented by such drivers.  

Under Option 4, ownership of ISA and SBR systems would be optional. Under such a regime, 
the systems would have to be highly acceptable to drivers; the findings from this study suggest 
that these systems are likely to be so. The subjective findings from this study suggest that 
avoidance of fines for speeding would act as incentives for voluntary purchase of the ISA 
system. From this perspective, Option 4 is also practical, especially given that speed and seat 
belt wearing enforcement in Victoria has been relatively successful compared to other 
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jurisdictions around the world. The problem with this option is that, based on the findings from 
this study, drivers in the general community are unlikely to want to pay more than $200 
(excluding installation) for either system in a new car, and no more than $100 (excluding 
installation) for either system in a used car. It is unlikely, at present, that vehicle manufacturers 
and suppliers would be able to supply these systems at such low cost, although retrofitable ISA 
systems that can be incorporated into portable devices such as mobile phones may be able to be 
supplied at these prices. Of course it is possible, through government subsidies, reduced 
insurance premiums, tax reductions, fuel price reductions and other means to stimulate 
voluntary demand for these systems.  

Overall, Options 2 and 4 are considered the most appropriate deployment options in the short 
term. For both the ISA and SBR systems, however, there are some technical and other issues 
that should be resolved before wider scale implementation of them is commenced – and before 
appropriate incentives are provided, under the ANCAP system, for their fitment to new 
vehicles. These are considered below. 

Intelligent Speed Adaptation.  

Whilst the ISA system deployed in the SafeCars was of the “fixed” variety – that is, the system 
was not responsive to transient changes in the speed limit, such as in the vicinity of variable 
message signs - the system was nevertheless effective and acceptable to drivers. This suggests 
that a “fixed” system is likely to be acceptable if deployed on a wider scale in Victoria, even if 
it is not yet technically perfect. Given that “variable” systems, which are responsive to transient 
changes in the speed limit, will take longer to implement than “fixed” systems, it is 
recommended that the initial focus for deployment be large company fleets (Option 2); drivers 
of company vehicles are likely to be more accepting of slight technical imperfections in the 
system than drivers in the general community who pay privately for the system.  

Recommendation(s): 

• The “fixed” variant of the actively supporting ISA system, deployed in the SafeCar study, 
should be widely deployed initially whilst “variable systems” – which are responsive to 
transient changes in the speed limit - are being developed.   

•  It is recommended that the initial focus for deployment of ISA be on large company fleets, 
as fleet companies are likely to be interested in the up-take of in-vehicle technologies, 
particularly if they help them conform to company OH&S requirements.  

 

For ISA to work properly, and be acceptable to all drivers, the basic infrastructure to support it 
must be developed and implemented. All ISA-equipped vehicles, if they are to work properly, 
must have access to an accurate digital map that contains all of the posted speed limits. The 
digital map used in the SafeCar study does not currently contain all the speed limits in Victoria, 
and not all the speed limits in it are accurate. Secondly, for the ISA system to work on a large 
scale, the digital map must be updated continuously, via reliable communication with the 
vehicle. This is necessary to convey to the system changes to static speed limits and transient 
changes in speed limits. In the future, as Carsten (2005) points out, the entire digital map, 
including speed limit information, could be downloaded into the vehicle over a digital radio 
network, thus ensuring that information in it is up-to-date and providing a capability to change 
speed limits according to current conditions. New broadcasting technologies, such as fourth-
generation mobile phone and Digital Audio Broadcast (DAB) are likely to provide the 
bandwidth and coverage required for this purpose.  
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In Europe, a European Commission-funded project, known as SpeedAlert, recently concluded 
its deliberations. The purpose of this initiative was to develop a roadmap for the deployment of 
ISA in Europe. The SpeedAlert consultation Group included representatives from public 
authorities, vehicle manufacturers, mapmakers, service providers, suppliers and user 
organizations across Europe. There was broad consensus that ISA can improve safety, that 
systems should be alerting rather than limiting, and that the fitment and use of any such system 
in Europe should be voluntary. The main outputs of the project are:  

• development of a functional architecture to support the deployment in Europe of ISA, 
including the five main necessary technical components (data collection, generation and 
update; data processing; communication infrastructure; communication interfaces; and in-
vehicle applications); 

• a roadmap for deployment of ISA, taking into account user needs, technical feasibility and 
available solutions; and 

• a list of recommendations to support the successful implementation of speed alert systems.  

 

Some key milestones within the SpeedAlert deployment roadmap include market introduction 
of first-generation speed alert systems with limited map coverage (2006), availability of up-to-
date static speed limits for the complete European road network (2009) and provision of speed 
alerting systems, receptive to variable speed limits, as an option in new cars (2015).  

• An alternative deployment path, which has as its end goal the mandatory fitment of speed 
limiting ISA systems to all new vehicles, has been advocated by Carsten and Tate (2005) in 
the United Kingdom. That path, however, assumes a lead-time of approximately 8 years 
before there is mandatory fitment of such devices to new vehicles. The deployment 
approach advocated here by the authors for actively supporting ISA is more consistent in 
philosophy with that advocated by the SpeedAlert consortium; that is, it is better to 
commence early deployment of an imperfect ISA system that is likely to have high safety 
benefits and be acceptable to drivers than to go down a more protracted and controlling 
pathway that might not result in high public acceptance. Such a strategy does not, however, 
rule out the possibility of deploying limiting ISA systems in the longer term, when public 
acceptance of ISA is greater.  

 

Seat Belt Reminder 

For the Seat belt Reminder system to work properly, and be acceptable to drivers, little further 
research is required under deployment Options 2 and 4. As noted earlier, there already exists an 
incentive under both ANCAP and EuroNCAP for vehicle manufacturers to fit a SBR system to 
new vehicles, and rudimentary systems are already available in a number of new vehicles sold 
in Australia, including in Ford and Holden vehicles (but only for the driver’s seat in the latter 
two vehicles). The SBR Assessment Protocol, which can be used under EuroNCAP and 
ANCAP to determine whether a SBR system fitted to a new vehicle is awarded bonus points, 
requires mandatory front seat occupant detection for the front passenger, but not the driver. 
Rear seat occupant detection is recommended, but is not required. On this basis, and on the 
basis of the findings deriving from this study, the following recommendations are made: 
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Recommendation: 

• Mechanisms should be put in place to stimulate increased voluntary demand from fleet 
managers and the community for Seat Belt Reminders so that that vehicle manufacturers 
are motivated to install these systems in their vehicles to obtain maximum bonus points 
under the ANCAP rating system.   

 

The Seat Belt Reminder Assessment Protocol is an evolving document. There is provision for 
amendments to it based on accumulating knowledge derived from studies such as the SafeCar 
project. On this basis, a further recommendation is made.  

Recommendation: 

• The Seat Belt Reminder Assessment Protocol, used to award bonus points under ANCAP 
and EuroNCAP, should be reviewed on the basis of the findings from this study to 
determine whether there are revisions that could be made to the protocol that would 
enhance its effectiveness as an assessment tool.    

 

The SBR system fitted to the TAC SafeCars differs slightly from the requirements published by 
EuroNCAP, but fulfils the same purpose. 

Potential barriers to driver acceptance of the ISA and SBR systems were identified. Participants 
reported that they would lose trust in systems that gave unreliable warnings. The cost of the 
systems was also identified as a potential barrier to acceptance, particularly maintenance and 
service costs. It is encouraging to note that participants found the systems acceptable in terms 
of the level of control they took away from the driver, that they did not feel that they would rely 
too strongly on the systems at the expense of their own judgment, and that they did not think 
the systems would distract them from their driving.   

In summary, the actively supporting ISA and SBR systems are considered suitable for wider 
scale deployment, and practical options for doing so have been presented.  

9.4.2 Technical Refinement of Systems 

It was a requirement of this study to identify and note, during the on-road trial, any problems 
with the use of ITS devices and make recommendations for minimising or eliminating these in 
future systems.  

Several problems were identified – prior to acceptance testing, during acceptance testing and 
during the on-road trial itself. These, and recommendations for overcoming them, are 
summarised below.   

 
ISA: Incorrect Speed Limits in Digital Map 
During the trial, several treatment participants reported some instances in which the speed 
limits in the digital map were incorrect. There are three possible reasons for this. First, some 
speed limits in the map were incorrect because incorrect information was loaded into the digital 
map database. Secondly, due to the limited accuracy of the GPS receiver in detecting the 
location of the SafeCar, the car sometimes thought it was in a speed zone in which it was not. 
Finally, GPS reception was at times poor, which slowed down the rate at which the location of 
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the car was updated, making the SafeCar think that it was in a speed zone in which it was not. 
This was not known prior to acceptance testing and hence could not be addressed in the training 
and briefings to drivers. Whilst this was sometimes annoying to drivers, the system was 
nevertheless acceptable to them.  The authors believe the problem had minimal impact on the 
quality of the data collected because the frequency of occurrence of these inconsistencies was 
low.  

Recommendations(s): 

• The digital map used in the study needs to be updated with accurate speed limit information 
in order for it to be useful for wider scale deployment of ISA. 

• It is recommended that a more accurate GPS receiver than the one used in this study be 
used in future ISA systems. The higher the accuracy, the better, depending on cost.  

• It is recommended that dead reckoning, map-matching and other similar techniques be used 
to compensate for poor GPS reception when this occurs. Such techniques are used in 
modern route navigation systems.  

 

ISA: Inability to Detect Transient Changes in Speed Limit 

The ISA system in this study was not able to detect transient changes in the speed limit, such as 
temporary reductions in the speed limit displayed on variable message signs in the vicinity of 
road works. Such systems are usually referred to as “fixed” systems. This was known prior to 
acceptance testing and addressed in the training and briefings to drivers.  

Recommendation:  

• The capabilities of the current ISA system should be enhanced to enable the digital map to 
automatically be updated in areas where there are transient changes in the speed limit. 
Technologies capable of doing so are described earlier in this report.  

 

ISA: Variability in Operation of Haptic Throttle 

The feeling and timing of the haptic feedback from the accelerator pedal was not entirely 
consistent across vehicles. Whilst this variation was minimised as far as possible by the project 
team, it could not be totally eliminated. We believe this would have impacted minimally on 
data quality.  

Recommendation:  

• Future systems should employ an electric motor rather than a vacuum pump to generate 
upward pressure on the accelerator pedal.  

FDW: Poor Operation in Heavy Rain 

During acceptance testing, it was discovered that the microwave radar employed in the FDW 
system did not operate properly in medium to heavy rain. This problem could not be rectified, 
and subsequent analysis of the data excluded that collected when the windscreen wipers were in 
operation.  
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Recommendation:   

• Future radar-based systems should operate at wavelengths that are not sensitive to rain, or 
employ alternative technologies which are not sensitive to rain.  

 

FDW: Warnings Issued when Vehicles Cut in Front of SafeCar 

During the trial, drivers reported being irritated, and even distracted, by warnings issued by the 
FDW system when vehicles cut in front of the SafeCar as a result of them maximising their 
time headways. Whilst this is not a technical problem, it impacted on driver acceptance of the 
system, which was relatively low compared to other systems.  

Recommendation:  

• To be acceptable to drivers, software algorithms should be developed that temporarily 
reduce the intensity of warnings presented to the driver that derive from cutting in episodes 
until such time that the driver compensates by adopting a longer headway.  

 

FDW: False Alarms 

During acceptance testing and during the trial it was discovered that, occasionally, the FDW 
system issued warnings unnecessarily when the SafeCar drove through tunnels, in enclosed 
spaces, and in some other locations. The angle of the microwave radar antenna was adjusted to 
minimise the problem, but it could not be eliminated.  This problem arises, in part, from the 
fact the Eaton-Vorad EVT-300 radar used in this study is designed for use in trucks rather than 
in vehicles. False alarms, when they occurred, were very brief and we do not believe they 
adversely affected the quality of the data collected because they also occurred infrequently.   

Recommendation:   

• To be more acceptable to drivers, future systems should employ a more powerful computer, 
along with software algorithms capable of filtering out false alarms.    

 

FDW: Operating Frequency of Eaton Vorad EVT-300 Radar 

During the trial two drivers who drove a SafeCar in NSW were apprehended by the Police 
because the frequency of the FDW radar was similar to that of radar equipment used by the 
Police in that State.  No such problems were reported in Victoria.   

Recommendation:  

• Future FDW systems, which rely on radar, will need to operate at a legally acceptable 
frequency that does not interfere with Police and other relevant equipment.  

SBR: Detection of Seated Occupant Position 

Prior to acceptance testing it was realised that the SBR system was not capable of recording the 
individual position of seated occupants. Regrettably, this capability was not contained in the 
original specification for the system. Unfortunately, it was not possible at the time this 
limitation was discovered to rectify the situation. As a consequence, during data analysis it was 
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not possible to determine what seat position the unbelted occupant occupied. The authors, as a 
consequence, had to rely on subjective data obtained retrospectively from participants to clarify 
this issue.  

Recommendation   
 
• The SBR system should be capable of detecting and recording the presence of seated 

occupants in each seating position, given that the findings from this study indicated that the 
positive benefits of the SBR may pertain to both passengers and drivers.   

 

SBR: Repetition Rate of Auditory Warnings 

During acceptance testing it was discovered that the SBR system issued auditory warnings at 
slightly erratic time intervals. The reason for this is that the SafeCar computer was pushed to its 
limit given the requirement for it to simultaneously control warnings and log data.  

Recommendation:   

• Future SBR systems must have sufficient computer processing power to present warnings at 
the required rate. 

 

SBR: Circumventing Operation of System 

During acceptance testing it was discovered that the SBR system could be circumvented by 
buckling up the seat belt before sitting down on the seat. In this case, the system detected an 
occupant as being belted, even though the occupant was unbelted. It is not known what impact 
this had on the quality of the SBR data collected. Participants certainly did not report engaging 
in such a practice. 

Recommendation: 

• A more sophisticated SBR system is needed to prevent drivers from first buckling up a seat 
belt and then sitting on the seat. Use of a seat belt retraction sensor, which detects that a belt 
has been retracted, is one possible solution to this problem.  

 

SBR:  Problem with Weight Detection Sensors  

During the on-road trial it was discovered that, in a few instances, the sensors under each seat 
which detected the weight of an occupant continued to detect weight on the seat even after the 
seat was vacated. This is attributable to the relatively crude sensor design employed in the 
study. The problem, when it occurred, was promptly rectified by the project team. Hence, the 
impact on the data collected was negligible.   

Recommendation: 

• A more robust sensor design is required to detect the presence of seated occupants.   
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RCW: False Alarms 

During the trial it was reported that the RCW system issued false warnings in certain 
circumstances: when a bike rack was equipped to the rear of the vehicle, when towing a trailer, 
when reversing down a sharply angled driveway; and when bushes, fences and other objects 
were close to the side of the vehicle when reversing. This is not a technical problem, but is one 
that annoyed some drivers.   

Recommendation: 

• Introduction of a customised system that allows the driver either to turn off the system 
when towing a vehicle or carrying a bike, or to manually adjust the angle of the sensors, is 
recommended to avoid false alarms. A more sophisticated solution could involve 
incorporation of a learning algorithm that, in conjunction with a GPS receiver, recognises 
such situations and filters out false alarms.   

 

RCW:  No Data Logged 

During analysis of the data it was discovered that no RCW data was recorded. It was not 
possible to discover this problem earlier in the study. The impact of this problem, unlike 
previous problems, was significant. As a consequence, it was not possible to collect and 
analyse data deriving from use of the RCW system. Whilst this is unfortunate, the RCW system 
was included in the study as a comfort system rather than as a safety system. Hence, the 
effectiveness data that would have been obtained from it is not as important as the data derived 
from the other systems.  

 
ITS Visual Display: Size 

During acceptance testing it was discovered that the visual display area was smaller than that 
originally specified by the project team. As a result, the messages and icons displayed were 
proportionately smaller than originally specified. This was not, however, reported by drivers as 
a problem.   

ITS Visual Display: Display Failure due to Overheating 
 
During the hotter months of the trial, the display was prone to overheating when the car was 
parked in areas directly exposed to sunlight. This resulted in temporary failure of the display. 
This means that, for some drivers on a few occasions, the display did not show visual warnings 
for around 5 minutes, until the display unit cooled down. We do not believe this had a 
significant impact on the study; and in any case, all auditory warnings continued to be issued 
during such times. This problem is unlikely to arise in commercial systems, in which displays 
are usually hidden from direct sunlight and are more temperature-tolerant 

Recommendation: 

• Where retrofitable visual display units are used to display message and warnings in future 
research vehicles, it is important to ensure that such units are heat tolerant.   
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On the whole, the systems were reliable and performed well. This was so even though the 
prototype systems were developed, tested and refined in a far shorter timeframe, and with a far 
smaller budget, than comparable commercial systems.    

 

9.5 FUTURE RESEARCH 

The outcomes of this study raise a number of additional research questions that should be 
considered by the wider road safety community. The following recommendations for further 
research are made.  

9.5.1 Further Analysis of SafeCar Data  

Effects of ISA, FDW and SBR systems. Due to the limited time and budget available to 
complete this study, only a limited number of analyses of the logged data were completed.  
There are many other analyses, however, that could have been performed on the logged data to 
examine the individual and interactive effects of the systems. For example, the fact that the 
SafeCars were equipped with a GPS receiver means that it is possible to analyse, using the 
logged data, the effects of the SafeCar systems on critical parts of the road network; for 
example when driving near schools, through strip shopping centres and through intersections.  
As part of the study MUARC prepared for the TAC a prioritised list of such analyses of the 
logged data that might have been undertaken if further funding were available.  

Recommendation: 

• Further analysis of the logged data from this study is recommended to better understand the 
effects on performance of the SafeCar systems – both positive and negative.  

Benefit-Cost Ratios. Whilst the authors have attempted to quantify the benefits arising from the 
deployment of the ISA, FDW and SBR systems, it was not possible within the budget and 
timeframe available to calculate cost-benefit ratios for these systems. Previous estimates for 
comparable ISA and SBR systems, however, have yielded ratios of 6.9 (Carsten & Tate, 2005) 
and 1.4 (Fildes et al., 2002), respectively. Calculation of such ratios, using the data from this 
study, requires a precise specification of the mode and extent of deployment of the systems 
which has not been decided at this time.  

Recommendation: 

• The benefits and costs of deploying ISA and SBR systems on a massive scale in Victoria 
should be calculated. This information will be required in order to convince company fleets 
and regulators that the benefits to be achieved from the systems outweigh the costs.  These 
can be calculated using data deriving from the TAC SafeCar project and detailed 
assumptions regarding the timing and nature of implementation, when this is decided. 

 

Naturalistic Driving Behaviours. Very little is known about the natural driving performances 
and behaviours of drivers in the real world. Little is known, for example, about their speeding 
and following behaviours on different parts of the road network and how this varies according 
to weather and traffic conditions. A recently completed “naturalistic driving study” in the 
United States is one of the few such studies to have been undertaken on this topic. Whilst it will 
yield important data on the naturalistic driving behaviours of US drivers, many of these 
behaviours will be idiosyncratic to US drivers and to local traffic conditions there. The data 
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logged in the SafeCar study in the Before 1 and Before 2 periods (before the key SafeCar 
systems were activated), therefore, is a rich initial source of naturalistic driving data that can be 
used to refine existing traffic simulation models, inform Police enforcement activities and 
complement survey data collected by local road authorities.  

Recommendation: 

• The naturalistic driving performance of drivers should be examined. 

 
Access to Logged Data. The database containing the logged data from this study is a large and 
rich source of information. In the longer term, it is desirable to make the database publicly 
accessible for research purposes.  

Recommendation: 

• The database containing the logged data derived from this study should eventually be made 
accessible to the local and international research communities. There is both naturalistic 
driving data – derived during the two Before periods – and data on the effectiveness of the 
ITS technologies that may be of interest to researchers and others.    

 

Subjective Data. A considerable amount of subjective data was derived from drivers’ responses 
to the various questionnaires administered during the study. The questionnaires were carefully 
designed to enable the project team to compare self-reported behaviour with actual driving 
behaviour in the SafeCars. Due to time and funding constraints, however, very few such 
comparisons were made and reported here.   

Recommendation: 

• Further analysis of the questionnaire data yielded by this study should be undertaken to 
compare self-reported behaviour with actual driving behaviour in the SafeCars, to establish 
the validity of self-reported behaviour in relation to interaction with ITS technologies.  

 

The questionnaires in this study were long – too long according to some study participants. It is 
now known, however, which questionnaire items yielded the most useful data and which did 
not. A logical next step is to revise the questionnaires so that they more accurately, reliably and 
economically measure those items of interest.     

Recommendation: 

• The questionnaires used in this study should be revised so that they more economically, 
reliably and accurately measure those self-reported items of interest. Doing so will be a 
valuable contribution to the ITS literature and will facilitate data collection in future field 
studies.    

 

9.5.2 Further Field Trials 

Alcohol “Sniffer” System. During Phase 1 of the SafeCar project, several technologies were 
identified as being potentially suitable for inclusion in the on-road trial. At the time, however, 
some of these were deemed not to be technically mature enough to deploy. In addition to the 
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systems actually deployed, initial efforts were made to design and develop a user-friendly 
breath alcohol detection device suitable for use by ordinary motorists. This system was referred 
to, at the time, as the “Sniffer” system. The idea was that this system would passively detect 
breath alcohol in the vehicle cabin and, if detected, instruct the driver to blow into a 
breathalyser unit. If the driver failed to take the test, a sequence of events would unfold 
culminating, possibly, in immobilization of the vehicle. Unfortunately, due to technical and 
other issues, it was not possible within the timeframe of this study to design, develop and 
evaluate the “Sniffer” system.  This was regarded by the project team at the time (and in 
particular by the then MUARC Director, Professor Claes Tingvall) as one of the highest 
priority systems for deployment. It is still the strong opinion of the authors that there is a need 
for such a system in Victoria. On this basis, the following recommendations are made. 

Recommendation: 

• A follow-on project should be initiated to design, develop and trial a “Sniffer” alcohol 
detection system. The “Sniffer” system was originally to have been developed and trialed as 
part of the SafeCar project.   

 
Dynamic ISA. A limitation of the “fixed” ISA system, trailed in this study, is that it is not 
sensitive to transient changes in the speed limit, such as temporary reductions in the speed limit 
the vicinity of road works and schools. MUARC has purchased one of the original SafeCars as 
a research platform.  This could be used as a platform for trailing a “variable” ISA system that 
is adaptive to changes in the posted speed limit.  It could also be used as a platform for trialing 
a “dynamic” ISA system, which is additionally sensitive to changes in prevailing weather, 
traffic and other conditions which pose risk to the driver.  

Recommendation: 

• It is recommended that a “dynamic” ISA system be developed which is responsive both to 
transient changes in the speed limit as well as weather and traffic conditions, and which 
takes advantage of the latest developments in communications technologies. It is 
recommended that this system be trialled, tested and evaluated in a small-scale pilot study.  

Young Novice Drivers. Unfortunately, it was not possible within the SafeCar study to recruit as 
participants a sample of young novice drivers. The findings from the simulator study suggest 
that young novice drivers may not be as amenable to intervention by ISA as older, more 
experienced drivers. Hence, it is not known how effective ISA will be in reducing speeding by 
this group; although, given the over-involvement of novice drivers in speed-related crashes, the 
potential safety benefits of ISA for this group are likely to be very significant. Given that 
speeding is a relatively greater problem for young novice drivers, it is important that further 
research be conducted to assess the effectiveness of ISA for this sub-group.  

Recommendation: 

• Further research is needed to determine the differential benefits of ISA systems for young 
novice drivers. It is not currently known how acceptable and effective these systems will be 
to drivers in this age and experience cohort. 

ISA and Rural Driving. In the present study, the digital map contained speed limits for roads in 
metropolitan Melbourne, some major satellite cities (e.g., Geelong) and the main roads 
connecting Melbourne with these satellite cities. Like other ISA trials, the present study did not 
focus on the effects of the system in rural environments. In principle there is a particular need 
for ISA in this environment because of the over-representation of fatalities as a result of high-
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speed crashes in Victorian rural environments. Whilst previous MUARC research (Young et 
al., 2003) suggests that ISA is likely to be no less acceptable to rural than to city drivers (at 
least for young novice drivers), it is not known if the effectiveness of ISA would vary between 
the two driving domains. 

Recommendation: 

• Most ISA research studies, including the present one, have focussed on the effects of the 
system in urban environments. Further research is needed to determine the effectiveness 
and acceptability to drivers of the system in rural areas. 

 
Review of ITS Developments.  Intelligent transport system technologies have become more 
reliable since the TAC SafeCar project commenced and several new systems, with potential to 
reduce road trauma, have entered the market. There now exist, for example, systems that issue 
warnings when drivers are detected as being distracted. Other systems, such as lane departure 
warning, are now more reliable and less expensive.  

Recommendation: 

• A study should be commissioned to review the latest developments in Intelligent Transport 
Systems and recommend systems that are now available or are emerging that are cost 
effective, have significant potential to reduce road trauma in Victoria and are candidates for 
field evaluation. The review should also make recommendations for the development of 
systems, not yet conceptualised, that are functionally capable of addressing intractable 
crash problems in Victoria.  

 
Naturalistic Driving Study. As noted above, very little is known about the natural 
performances and behaviours of drivers in the real world. Australia is noticeably lagging 
behind other developed countries, such as the United States and some countries in Europe, in 
conducting naturalistic driving studies to derive basic baseline data on driving performances.   

Recommendation:       

• A field trial, building on the findings from this study, is recommended to better understand 
the natural driving behaviours of the broader population of Victorian drivers. This will 
require more data logging instrumentation than that fitted to the SafeCar vehicles, and 
should be informed by the outcomes of the recently completed 100-Car naturalistic driving 
study conducted in the United States (Klauer et al., 2006).   

 

FDW Field Study. The positive effects on driving performance induced by the FDW system 
investigated in this study persisted only while the system was active: driving performance after 
system de-activation was usually the same as that before system activation. As noted 
previously, this is in stark contrast to findings obtained in a relatively shorter duration field 
trials which have been undertaken by Professor David Shinar and his research colleagues in 
Israel.  It is probable that the differences between the two studies can be attributed to one or 
both of the following factors: differences in the driving characteristics of the study samples in 
Australia and Israel; and differences in the thresholds at which warnings were issued by the 
system.  
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Recommendation: 

• Currently, there is only one other research group known to the authors to be researching the 
effects of FDW on driving performance.  That group, headed by Professor David Shinar in 
Israel, has reported findings which conflict with some of those found in this study. In order 
to understand these conflicting results, it is suggested that a smaller-scale replication of the 
present study be undertaken which involves both conservative drivers and recidivist 
tailgaters, as well as different FDW auditory warning thresholds.  

 

9.5.3 Human-Machine Interface Design 

Optimal HMI for ISA. During the course of this project it became evident to the authors that 
there is a great deal of variability in the design of the HMI for Intelligent Speed Adaptation 
systems that have been deployed in field trials. Some systems, for example, merely display the 
posted speed limit continuously. Others alert the driver via visual and/or auditory warnings, 
whilst some provide tactile feedback in the form of upward pressure or vibrations through the 
accelerator pedal. In addition, there is considerable variability in the sequencing of presentation 
of system warnings. To date it appears that there has been no comparative evaluation of the 
effectiveness of these systems in reducing speed. Whilst the authors believe that the ISA 
system deployed in the SafeCar study, if widely implemented in its present form, would yield 
positive benefits to the community, it is possible that further refinements to it could further 
enhance its effectiveness.  

Recommendation: 

• It is recommended that a study be undertaken to determine, through research and through 
an assessment of existing ISA systems, the optimal attributes of the HMI for ISA systems.   

  

9.5.4 Tamper Proofing Systems 

As noted above, if ISA and SBR systems are eventually to be deployed as sanctions for 
recidivist speeders and non-seatbelt wearers the systems must, like alcohol ignition interlocks, 
be tamper proof.  

Recommendation: 

• Further research and development is required to determine whether voluntary systems, such 
as actively supporting ISA and the SBR, can be made tamper proof for use as sanctions for 
recidivist speeders and non-seat belt wearers.  

 

9.5.5 Simulator Research 

As noted previously, Phase 4 of the SafeCar Project involved the conduct of both an on-road 
study and a simulator study. The simulator study investigated the effects of ISA on driving 
performance. In particular, the effects of driver experience (young novice drivers versus 
experienced drivers) and ISA variant (actively supporting versus informative) were examined. 
Recommendations deriving from the simulator study are made in a separate report (Regan et al, 
2005) which is a companion document to this report  
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One other simulator study was to have been conducted as part of this research program, but this 
was not possible due to time and funding constraints. That study was to have assessed the 
impact of ISA on driver workload. Whilst there was some limited evidence in the first 
simulator study that ISA reduces workload, it is considered that further research is warranted 
that focuses specifically on this issue. There is also some self-reported evidence from the large-
scale Swedish ISA studies that the requirement to scan for speed signs and to monitor the 
speedometer varies depending which variant of ISA is used (Biding and Lind, 2002). There is, 
however, a paucity of empirical research data on this topic.  

Recommendation: 

• It is recommended that a simulator study be conducted to assess the impact of ISA on driver 
workload and to better understand the visual and attentional strategies that drivers employ 
when using the system. 

 

9.6 HUMAN-MACHINE INTERFACE 

Careful attention was given to the ergonomic design of the SafeCar systems. The systems were 
designed with reference to various checklists, guidelines and standards known and available at 
the time to the project team. The systems were pilot and usability tested iteratively prior to 
deployment. Refinements to the systems, deriving from these activities, were made. 
Nevertheless, driver interaction with the systems resulted in some further suggestions for 
improving the quality of the human-machine interface. These are summarised in Chapter 7 of 
this report, and in greater detail in Appendix Y to the report.  

Recommendation: 

• The human-machine interfaces for the SafeCar systems were carefully human-engineered. 
The drivers in this study recommended further changes to the design of the human machine 
interface of the SafeCar systems, however, to make them more user-friendly. These 
suggestions should be considered if refinement of the design of the Safecar systems is 
undertaken. Before being incorporated, however, careful consideration should be given to 
whether any of the suggested changes could reduce the effectiveness of the systems in 
improving driver behaviour or have any negative safety consequences.  

 

9.7 FINAL COMMENTS 

This report has documented the findings of a large and ambitious research program that 
spanned a six-year period. Overall the program of research demonstrated that the vehicle 
Intelligent Transport Systems deployed can be highly effective in improving driver 
performance. For the key systems examined - ISA, FDW and SBR - there were strong 
indications that significant safety benefits will derive from their deployment. We have 
recommended that the results of the program be disseminated widely to stakeholders in 
government, industry and academia – here and overseas. We have also made recommendations 
for wider deployment of those technologies we believe will be most effective in the immediate 
term in reducing road trauma in Victoria. It is our contention that widespread implementation 
of these technologies will provide guaranteed returns in terms of enhanced safety. Additionally, 
a number of recommendations concerning additional research and development have been 
made in order to support the implementation and enhancement of such systems. We believe 
that, even before the findings of this study are disseminated, the study has significantly raised 
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the profile of vehicle ITS technologies in Australia that have significant potential safety 
benefits.  

This has been a collaborative research project and we are grateful to all those acknowledged 
earlier in this report for their important contributions and long-term commitment. We would, 
above all, like to express our sincere appreciation to the Victorian Transport Accident 
Commission and to Ford Australia for their strong support throughout the project.  
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