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EXECUTIVE SUMMARY 
Recent years have seen the increased availability of a number of new driver-assist systems that have been 
proven to reduce crash risk. Furthermore, previous research has shown that young drivers are at a high risk 
of injury crash involvement and would possibly derive greater benefit from driver-assist systems through 
reduced crash risk than the wider driver population. The potential road safety benefits for young drivers of 
three vehicle driver-assist safety systems were considered: autonomous emergency braking (AEB), lane keep 
active assist systems (LKAA) and electronic stability control (ESC). The crash types targeted by these systems 
are generally over represented in the young driver population. If these crash types are over-represented for 
young drivers, it is likely that the driver-assist systems will have a proportionately greater overall benefit for 
young drivers even if the effectiveness of these technologies in reducing these specific crash types is no 
greater for young drivers. However, this project also explored the relationships between driver age and the 
crash reductions associated with each driver-assist system within their targeted crash types to further quantify 
the differences in the benefits that these systems bring to novice and experienced drivers. 

From the estimated crash reductions associated with these technologies for young drivers, the potential 
benefits of restricting young drivers in Australia and New Zealand to only driving those vehicles fitted with 
LKAA, ESC and AEB was estimated. Outside the regulatory framework, estimates also provide relevant 
consumer information on the safety outcomes for young drivers available from driver-assist systems. 

Method 

Analysis began with a comparison of novice and experienced driver crash profiles using crash data from five 
Australian jurisdictions over the crash years 2006 to 2017 and New Zealand over the period 2008 to 2018. 
Comparisons of injury and property damage only (PDO) crashes for the two driver groups were made by 
vehicle age group, vehicle market group, driver-assist system fitment and crash type. For the New Zealand 
analysis, only injury crashes were studied as the Crash Analysis System (CAS) has consistent coverage only 
of these types of crashes. A young driver was defined as either a holder of a provisional licence or a person 
aged 17 to 22 years. An experienced driver was aged at least 35 years of age and a maximum of 55 years 
and either held an open, full car licence. The driver groups defined by age were compared with those defined 
by licensing and were found to be comparable.  

The effectiveness of ESC, AEB and lane keeping systems were sourced from literature and were used to 
derive the crashes saved through current and 100% fitment of the considered technologies to young driver 
vehicles. For Australia, these savings were adjusted to reflect the relative effectiveness of each technology 
associated with driver experience which was estimated through generalized linear regression of the light 
vehicle set of crashed vehicles manufactured from 2013 using induced exposure techniques similar to the 
evaluations of the crash reduction associated with these technologies across all age groups. For New Zealand, 
there were insufficient data to conduct the induced exposure analysis, so injury savings were estimated based 
on the types of crashes typically experienced by young drivers using the same effectiveness estimates. 

There was insufficient current fitment of LKAA to evaluate the associated potential savings for young drivers 
specifically. However, lane departure warning (LDW) fitment was sufficient, and LDW was used as a surrogate 
for LKAA since both LKAA and LDW target the same set of crashes, and unlike LKAA, the real-world 
effectiveness of LDW was available in literature. 

In Australia, potential benefits of fitting young driver vehicles with each technology were evaluated in terms of 
injury and property damage only crashes avoided, which were costed using a hybrid of the human capital and 
the willingness-to-pay approaches (Bureau of Infrastructure Transport and Regional Economics [BITRE], 
2009). New Zealand estimates of safety benefits were provided by projected injury reductions, which were also 
monetised using statistical values of injuries as used in New Zealand. 

Results 

Australia 

Based on literature sourced real-world effectiveness of each technology on average across all driver age 
groups, fitting of ESC, AEB and LDW was estimated to save a greater proportion of crashes for young drivers 
than for experienced drivers under current fitment scenarios. Furthermore, young driver crash savings were 
estimated to greatly increase both in absolute and in relative terms when fitment was extended to all vehicles.  
Crashes targeted by ESC, AEB and LDW were all represented in greater proportions for young drivers than 
for experienced drivers (Table 1).  The proportion of young driver (aged 17 to 22 years) crashes that were 
targeted by ESC was so large that the targeted crash count was similar in magnitude to that of the much larger 
cohort of experienced drivers aged 35 to 55 years.  The combination of over-representation of targeted crashes 
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for young drivers and lagging young driver vehicle fitment rates, created a situation where the proportions of 
crashes potentially saved by LDW, ESC and AEB were estimated to be far greater for young drivers than 
experienced drivers (Table 2, 95% confidence intervals derived from effectiveness).  Overall, the estimated 
additional proportion of young driver PDO crashes saved under 100% fitment was 15%, which is 50% higher 
than that estimated for experienced drivers. For injury crashes the estimated additional proportion saved was 
14%, which is 75% greater than that estimated for experienced drivers.   

 

TABLE 1 TECHNOLOGY TARGETED CRASH INJURIES PER 100 INJURY CRASHED LIGHT 
VEHICLES WITHIN DRIVER AGE GROUP (AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  

All Injuries    
   ESC 10.3 24.3 16.3 
   Lane Keeping 8.7 13.8 11.0 
   AEB (rear-end crashes only) 20.4 29.7 28.2 

Fatal & Serious Injuries    
   ESC 4.5 10.1 7.0 
   Lane Keeping 4.2 6.1 5.1 
   AEB (rear-end crashes only) 2.7 3.9 3.6 

 

TABLE 2 POTENTIAL AVERAGE ANNUAL LIGHT VEHICLE CRASH SAVINGS THROUGH FITMENT 
OF DRIVER-ASSIST TECHNOLOGIES (2013-2017) – ALL (AUSTRALIA) 

 Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Non-injury crashes    
Under current fitment    

crashes saved 369 
(260, 500) 

242 
(189, 304) 

105 
(80, 135) 

% of all 2 3 2 
With 100% fitment 

   

crashes saved 2,130  
(1,030, 2,970) 

1,619  
(829, 2,215) 

707 
 (347, 977) 

Additional potential  1761 1,377 602 
Additional % 10 15 14 

Injury Crashes    
Under current fitment 

   

crashes saved 827 
(428, 3419) 

456 
(269, 1114) 

211 
(119, 654) 

% 3 4 4 
With 100% fitment 

   

crashes saved 2849 
(1364, 4209) 

1938 
 (976, 2814) 

829 
(412, 1208) 

Additional potential  2022 1483 618 
Additional % 8 14 12 

 
In translating the effectiveness of AEB, ESC and LDW to crash savings, potential differential effectiveness of 
each technology in reducing target crash types by driver experience were not initially considered. Differential 
crash reductions within target crash types between novice and experienced drivers were estimated for each 
target crash type and technology and presented as a relative additional saving in crashes for young drivers 
compared to experienced drivers. The effectiveness of LKAA, ESC and AEB was expected to be higher for 
vehicles driven by young drivers because their lack of experience provides opportunity for a faster autonomous 
response. Analysis found AEB to be up to 60% more effective on reducing the targeted crashes of young 
drivers depending on the vehicle type, crash severity and crash type. The relative effectiveness of AEB 
corresponded to an additional 2% of injury crashes and 11% of PDO crashes saved for young drivers. The 
relative risk regression estimates associated with AEB were analysed separately for crash types with different 
sensitivities to AEB. The relative risk estimates were only significant for rear-end crashes and crossing path 
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crashes which were made up of straight crossing path (SCP) and low speed zone (under 60 km/h) right turn 
across path from the other direction (RTAP-OD) collisions. These results are presented by vehicle type in 
Table 3. 

 
TABLE 3 RELATIVE RISK ASSOCIATED WITH AEB FOR YOUNG DRIVERS (AGED 17-22) 

RELATIVE TO EXPERIENCED DRIVERS (AGED 35-55) (AUSTRALIA) 

Reference Rear-end crashes 
Straight crossing path / right turn across path 

from the other direction 

Property damage only crashes 
All vehicle 0.60 (0.41 to 0.88), p=0.01 0.52 (0.33 to 0.82), p=0.01 
Small cars 0.45 (0.27 to 0.77), p=0.003 0.41 (0.22 to 0.76), p=0.005 
Large Cars 0.28 (0.07 to 1.22), p=0.09 0.61 (0.24 to 1.56), p=0.30 
SUV 1.25 (0.66 to 2.37), p=0.48 0.94 (0.36 to 2.49), p=0.91 

Minor Injuries 

All vehicle 0.99 (0.77 to 1.27), p=0.93 0.79 (0.59 to 1.05), p=0.10 
Small cars 0.82 (0.57 to 1.17), p=0.28 0.63 (0.43 to 0.92), p=0.02 
Large Cars 1.36 (0.77 to 2.42), p=0.29 0.78 (0.42 to 1.48), p=0.45 
SUV 1.17 (0.73 to 1.87), p=0.52 1.41 (0.77 to 2.59), p=0.26 

Fatal and Serious Injuries 

All vehicle 0.40 (0.18 to 0.89), p=0.02 0.81 (0.48 to 1.37), p=0.43 
Small cars 0.47 (0.18 to 1.23), p=0.12 0.48 (0.23 to 0.99), p=0.047 
Large Cars 0.84 (0.09 to 8.15), p=0.88 1.25 (0.44 to 3.50), p=0.68 
SUV 0.18 (0.02 to 1.46), p=0.11 1.99 (0.63 to 6.25), p=0.24 

 

In absolute terms, the benefits available to young drivers from these three driver-assist systems were greatest 
for small and large cars and for vehicles aged greater than 5 years.  However, when expressed as a proportion 
of crashed vehicles of the same type, the greatest potential savings, by proportion, were related to large SUVs 
and to commercial utilities, which was approximately a quarter of all injury and PDO crashes.  Potential PDO 
savings of 25% were also available for young drivers of commercial vans. Greater proportional savings in 
vehicles with higher aggressivity indicate that LKAA, ESC and AEB also offer a protective effect for other road 
users.  The greater proportions additionally indicate that programs which encourage or mandate the uptake of 
LKAA, ESC and AEB for young drivers will have greater proportional benefits in crash avoidance and injury 
mitigation within young driver involved large SUV and commercial vehicle crashes. 

Currently, the driver-assist system benefits to young drivers arise mainly from ESC fitment (Figure 1), but 
increased fleet penetration was estimated to yield an injury crash savings potential of similar magnitude for all 
three driver-assist systems which could be to up to 700 injury crashes per system per year.  ESC was estimated 
to have the potential to double its current young driver PDO crash savings to approximately 400 per year and 
AEB was estimated to have the potential to save almost 1,200 young driver PDO crashes per year.  The 2020 
value of the potential PDO and injury crash savings from 100% fitment of ESC, LDW and AEB to young driver 
vehicles in Australia was estimated at $313 million. 
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Figure 1  Point estimates of crash savings for young drivers under current and 100% fitment scenarios 

 

New Zealand 

Table 4 shows the proportion of injuries by severity in the years 2008-2018 that were sensitive to the 
technologies studied. LDW was relevant to the highest proportion of injuries, particularly the fatal injuries, 
followed by ESC for cars. Note that the crash types addressed by the technologies have some overlap (for 
example ESC and LDW are relevant to many of the same crashes), and the proportions add to more than 
100%. There have been no studies to our knowledge that have evaluated the effectiveness of more than one 
of these technologies in combination. We therefore took a conservative approach in the current study of 
assuming that multiple technologies would prevent a given crash type according to the proportion prevented 
by the most effective technology for that crash type. In other words, we assumed that there was no additional 
benefit provided by the combined technologies for crash types targeted by multiple technologies.  

 

TABLE 4:  PROPORTION OF INJURIES WITHIN SEVERITY LEVELS IN THE YEARS 2008-2018 THAT 
WERE SENSITIVE TO THE TECHNOLOGIES STUDIED (NEW ZEALAND) 

 
Injury severity 

 Fatal  Severe Minor  

ESC – single vehicle cars 31% 30% 27% 
ESC – single vehicle SUV 6% 4% 3% 
AEB narrow 1% 3% 7% 
AEB broad 21% 14% 13% 
AEB intersection 3% 6% 8% 
AEB pedestrian 11% 18% 12% 
LDW 40% 25% 19% 

 

Table 5 shows the estimated savings attributable to the technologies studied, both under current fitment levels, 
and under a scenario of 100% fitment. The estimated savings in the row “All” is not a simple sum of the 
savings for LDW, AEB and ESC individually as there were some crash types that were sensitive to more than 
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one technology. Although the technologies clearly provide greater benefit for young drivers, particularly for 
fatal injuries, there is also considerable benefit available for non-young drivers from 100% fitment.  

 

TABLE 5 ESTIMATED PROPORTIONAL SAVINGS BY INJURY SEVERITY LEVEL ATTRIBUTABLE TO 
TECHNOLOGIES UNDER CURRENT FITMENT LEVELS AND UNDER SCENARIOS OF 100% 
FITMENT (NEW ZEALAND) 

 Non-Novice Novice 

Current fitment 
level 

Fatal Serious Minor Fatal Serious Minor 

LDW 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 
AEB 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 
ESC 2.0% 1.7% 1.8% 1.6% 1.6% 1.7% 
All 2.1% 1.8% 1.9% 1.7% 1.6% 1.8% 

100% fitment – additional savings     
LDW 18.3% 11.1% 8.3% 22.7% 15.7% 12.9% 
AEB 6.5% 7.4% 7.8% 6.6% 6.2% 6.7% 
ESC 7.5% 6.3% 5.9% 10.5% 11.4% 10.4% 
All 23.9% 18.4% 16.2% 28.0% 23.4% 21.1% 

 
Discussion 

This study estimated potential savings that reflect many assumptions. First of all, the maximum potential 
savings estimates assume that 100% fitment is possible, however, complete fitment of a vehicle fleet is only 
possible through either retirement of all unfitted vehicles or through retro-fitment, the latter which is generally 
not possible. This analysis also assumes 100% fitment within current crash conditions, conditions which also 
could change over time; market group distribution, crash type distribution and total counts of crashes observed 
could all change before fitment of this set of driver-assist systems reach saturation. Each change could 
influence potential savings. The over-estimation of potential crash savings through a 100% fitment scenario in 
the Australian analysis is countered by the fact that only 95% of Australian crashes have been considered; the 
crashes of the ACT, Northern Territory and Tasmania were not available for this analysis, although these 
jurisdictions represent a small proportion of the total national crash population. Furthermore, it is also likely 
that under-estimation of savings is possible through ignoring the effects of optional fitment, technological 
advancements which would improve the effectiveness of these driver-assist systems over time. For the most 
part, these factors are likely to similarly effect both novice and experienced drivers, making relative 
comparisons of crash savings more robust to the limitations of the assumptions than absolute comparisons. 

Currently LKAA has insufficient penetration in the Australasian fleets to allow any estimates of potential savings 
directly from local data. Increased fleet penetration may allow future studies to have the power to evaluate the 
real-world effectiveness of LKAA, or to further examine the influences of driver behaviour on the effectiveness 
of LDW using Australian data. 

It is clear that much of the savings benefit to be realised by young drivers will depend on the vehicles they 
drive, a decision often influenced by their parents. For example, because ESC has been mandated in both 
Australia and New Zealand but older vehicles pre-date the mandate, giving young drivers – who tend to drive 
older vehicles - less access to vehicles fitted with ESC.  Furthermore, driver-assist technologies such as LKAA 
and AEB are more likely to be standard within the medium and large new car markets than in the less 
expensive small and light car markets.  The tendency for young drivers to choose small and light cars will 
mean that young drivers will also be delayed in seeing the benefits of natural market penetration of LKAA and 
AEB.  Limiting young driver vehicle choices to vehicles with standard fitment of LKAA, ESC and AEB would 
clearly reduce young driver road trauma, however restricting mandates to a standard fitment within specific 
market groups also has estimated benefits. For example, mandating young drivers to drive only small and light 
vehicles with driver-assist systems fitted would have greater benefits than mandating fitment of the technology 
more expensive market groups where the technology is more likely to be fitted. With regards to market group 
focused effects, the greatest proportional benefit would be made from young driver mandates of driver-assist 
systems within commercial vehicles and large SUVs. 

Driver-assist system effectiveness at reducing crashes for young drivers is dependent upon young driver 
acceptance and use of these systems. Therefore, it is important that implementation of programs which require 
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young drivers to use driver-assist systems are supported with education programs and good evidence of the 
benefits of these safety systems.  

Conclusion 

This study found clear evidence of greater road trauma and crash reduction benefits through ESC, LDW and 
AEB vehicle fitment to vehicles of young drivers than those of older, experienced drivers. This analysis 
provides support for policy mandating driver-assist systems in the vehicles driven by young drivers or, 
alternatively, to encourage greater uptake of these technologies in young driver vehicles.
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1. BACKGROUND AND PROJECT AIMS 

Recent years have seen the increased availability of a number of new driver-assist systems that have been 
proven to reduce crash risk.  Furthermore, previous research has shown that young drivers are at a high risk 
of injury crash involvement (Curry et al, 2015; Jones et al, 2013; McCartt et al, 2010; Seacrist et al, 2016) and 
would possibly benefit more from driver-assist systems (Mitchell et al, 2015) .  The most recent of these studies 
(Seacrist et al, 2016) was a large naturalistic driving study comparing novice teens and experienced adults 
which was able to use actual exposure to estimate a 5.7 times higher crash risk and a 7.5 times higher rear-
end crash risk for young drivers. 

Young drivers are drivers who have newly obtained their driving licences, so their higher crash risk is 
associated with their lack of on-road driving experience, and often their younger age, which is associated with 
risk-taking behaviours.  Compared to experienced drivers, they have been found to perform poorer in hazard 
perception, to have longer response times to react to peripheral stimuli and to commit more driving errors with 
low situational awareness (Borowsky et al, 2010; Crundall and Underwood, 1998; Kass et al, 2007; Patten et 
al, 2006; Scialfa et al, 2012; Scialfa et al, 2011; Vlakveld, 2014).  Inexperience leads to young drivers having 
inadequate mental models of the potential road hazards to draw from which leads to a longer processing time 
before reacting to the perceived hazard and to inflexible and inefficient visual scanning strategies (Crundall 
and Underwood, 1998; Huestegge et al, 2010; Pradahan et al, 2005; Scott et al, 2013; Underwood et al, 2002).  
These properties of young driver behaviour suggest that autonomous (active assist) systems may benefit 
young drivers more than experienced drivers because they take away the need for the driver to quickly draw 
from experience in response to an impending crash.  The autonomous response is more likely to be faster 
than that of the driver so that a crash is more often avoided or injuries mitigated  

Three driver-assist systems are particularly likely to provide road safety benefits to drivers and are becoming 
widely available in new vehicles: autonomous emergency braking (AEB), lane keep active assist (LKAA) / lane 
departure warning (LDW) and electronic stability control (ESC). Recent studies by the Monash University 
Accident Research Centre (MUARC) have alluded to the potential benefits of having ESC, AEB and LKAA in 
young driver vehicles. Newstead et al (2020a) suggested that AEB would provide more safety benefit in 
vehicles driven by drivers aged under 25 years than in vehicles driven by drivers aged 25 to 55 years.  The 
differences were observed for property damage only (PDO), rear-end crashes.  However, the evaluation 
provided insufficient power to detect differences and the estimate may have been influenced by bias1. A 
relationship between driver age and effectiveness was not assumed in considering LKAA and ESC for 
evaluation in this project; the decision to consider these technologies was informed by the higher rate for 
younger drivers of single vehicle rural crashes, particularly as these crashes are common and often severe. 
Buckis et al (2015) found injured young drivers to be overrepresented in the lifetime care costs associated with 
run-off road and head-on crashes in Victoria (2005-2013) and Budd et al (2020) also identified single frontal 
vehicle-to-object crashes as a priority crash type for future road safety countermeasure planning.  Vehicle-to-
object crashes were identified by Budd et al. as the largest contributor to serious road trauma, overall and in 
rural and remote regions and were projected to make up 17% of all injury crashes in 2030. Single frontal 
vehicle-to-object crashes are targeted by both LKAA and ESC systems, so increased penetration of these 
driver-assist systems have the potential to reduce trauma arising from crashes generally, and due to over-
representation, the benefits are likely to be greater for young drivers than for experienced drivers.  

The crash types targeted by the three driver-assist systems are generally common for young drivers.  If these 
crash types are over-represented for young drivers, it is likely that the driver-assist systems will have a 
proportionately greater benefit for young drivers. This project will explore the relationships between driver 
experience and the systems within their targeted crash sets to quantify the differences in the benefits that 
these systems bring to novice and experienced drivers.   

This project will also quantify, for the first time, the additional benefits of these driver-assist systems that are 
available to young drivers relative to those available to experienced drivers, because the aim of this project is 
to inform regulators about the potential benefits of restricting the vehicles of young drivers to those fitted with 
LKAA, ESC and AEB.  The potential benefits for Australia will be evaluated in terms of crashes avoided, which 
will be costed using a hybrid of the human capital and the willingness-to-pay approaches (Bureau of 

                                                      
1 It was not possible to stratify this analysis by vehicle type, so imbalances in this variable between intervention and control groups may 

have led to bias. 
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Infrastructure Transport and Regional Economics [BITRE], 2009). The New Zealand injury savings used values 
used by the Ministry of Transport for fatal, severe and minor injuries (Ministry of Transport, 2018).Outside the 
regulatory framework, this project provides relevant consumer information on the safety outcomes for young 
drivers available from driver-assist systems. 
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2. SCOPE OF ANALYSIS 

The analyses conducted for this project focussed on the estimation of crash and crash injury benefits, 
associated with AEB, LKAA / LDW and ESC in crashed light vehicles in Australia over the five-year period 
from 2013 to 2017 and in New Zealand over the period 2014 to 2018. Young drivers were defined as those 
still in the graduated driver licensing system, who have constraints on night-time driving and driving with 
passengers. Injuries avoided in young driver (aged 17 to 22 years) and experienced driver (aged 35 to 55 
years) crashes given the current fitment were estimated.  In the New Zealand analysis, young drivers were 
defined as those with constraints under the graduated driver licensing system, who were compared with drivers 
on full licences, irrespective of age. The future potential benefits for novice and experienced drivers were 
estimated assuming 100% fitment of the striking vehicles of the crash sets targeted by each vehicle safety 
system. The targeted or sensitive crashes form the set of crashes identified in literature to benefit through 
crash avoidance or injury mitigation from vehicle safety system fitment.  

To attribute the injury burden appropriately to crash types associated with the technologies and to novice or 
non-young drivers, no assumptions were made regarding fault in the crash. Instead, where two or more drivers 
were involved, the number of injuries allocated to each driver was divided by the number of drivers involved. 

Light passenger vehicles were defined as all vehicles with a gross vehicle weight less than or equal to 3.5 
tonnes.  These vehicles are described in the Australian Design Rules as cars (M1) and utilities and light vans 
(N1). They were identified by vehicle class, vehicle weight and VIN (vehicle identification number). The New 
Zealand analysis was limited to vehicle classes: cars (MA) and light goods vehicles (NA). Forward control (MB) 
and off-road (MC) passenger vehicles were excluded.
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3. AEB, LKAA / LDW AND ESC EFFECTIVENESS AND CRASH 
SENSITIVITY: A BRIEF OVERVIEW 

To facilitate the analysis, a review of recent literature was conducted2. This was necessary to determine which 
crashes were sensitive to AEB, LKAA / LDW and ESC, and the effectiveness of the technology across sensitive 
crash types. Reported studies are based on real-world crash data and simulations. The effectiveness of the 
technologies for different crash types provided by these evaluations are described below.  

3.1 Autonomous Emergency Braking 

Crashes sensitive to AEB system have been identified in previous studies as predominately rear-end type 
crashes involving two vehicles (Fildes et al, 2015; Rizzi et al, 2014), or more than two vehicles (Cicchino, 
2017).  In all cases, only the forward moving vehicle striking the rear of an on-path vehicle was considered 
sensitive to the AEB system.  The striking vehicle is the sensitive vehicle of an AEB sensitive crash.  It is the 
vehicle sensitive to crash risk reduction through the fitment of the vehicle safety technology. In rear-end 
crashes these are generally defined as the vehicles with frontal damage. Likewise, the struck vehicle is the 
vehicle (not reversing) that receives rear-end damage.  An AEB system fitted in the struck vehicle is not 
assumed to experience a crash risk reduction in this context.   In addition to crashes sensitive to AEB, 
Anderson (2011), Edwards et al (2014), Scanlon et al (2017) Toshiyuki and Yukou (2017) and Newstead et al 
(2020a) have identified crash types as broadly sensitive to forward collision technologies. These are situations 
where a vehicle, object or pedestrian crosses the path of a vehicle fitted with AEB and where AEB might 
mitigate the crash. While less effective for these crash situations, AEB may mitigate certain intersection 
crashes, opposite direction crashes, overtaking crashes and U-turn crashes.   

Based on the empirical evidence presented above, four types of AEB sensitivity were considered for this 
analysis: narrowly sensitive, pedestrian sensitive, intersection sensitive and broadly sensitive.  

The narrowly sensitive crashes are crashes in which a forward moving vehicle strikes an on-path vehicle 
which may be moving in the same direction (any speed, accelerating or decelerating), stopped, parked, double-
parked or broken down. The defining feature of the collision is that the front of the striking vehicle, impacted 
the other vehicle (in the rear if it was moving forward) in a manner similar to the VicRoads DCA descriptions 
of 130, 131, 132, 141, 145, 160, 161, and 162. The jurisdictional DCA or RUM charts are included in the 
appendix (section 1). The struck vehicle must be a motor vehicle, and the striking vehicle must be a light 
vehicle for the crash to be considered narrowly sensitive.   

By using specific sensors, such as camera-based sensors, general AEB systems in light vehicles may have 
improved ability to reduce the risk of pedestrian-to-vehicle and bicycle-to-vehicle crashes. Pedestrian-to-
vehicle crashes were considered as pedestrian sensitive when the crash type was a single vehicle-to-
pedestrian crash of the type described in the VicRoads DCA descriptions as 100 to 105 and 108 to 109, where 
the pedestrian was on-path and not on the footpath or median. 

In addition to foot (pedestrian) traffic, for the purposes of this analysis, bicycle-to-vehicle collisions were 
considered as equivalent to a pedestrian if the bicycle was on path, either moving in the same direction as the 
vehicle, or stopped. In these cases, the struck vehicle was a bicycle and it was on-path in a similar manner to 
the narrowly sensitive crashes (with Victorian DCA’s of 130, 131, 132, 141, 160, 161, and 162; see Appendix 
A.1). Both the motor vehicle and bicycle were the first event (primary impact) of the crash and the striking light 
motor vehicle had to be moving. Collisions of bicycles with parked or stopped vehicles were not considered 
sensitive crashes.   

There is evidence that AEB systems may sometimes mitigate other crash types where a vehicle crosses the 
path of the AEB fitted vehicle. AEB is less effective in these situations. Typical crash types (with Victorian DCA 
groups) broadly sensitive to AEB are adjacent direction intersection crashes (110-119), opposite direction 
crashes including head-on crashes (120-129, 150), same direction U-turn (140), pulling out (152, 154) and 
cutting-in (153), leaving and entering parking (142 and 143), emerging from a driveway or footpath (147 and 

                                                      
2 This literature summary is presented in “Supporting documentation for VRSG project 3: Identifying Future Vehicle Safety Priority Areas 

in Australia - Literature review and crash sensitivity” by Laurie Budd 20th February 2019.  Please contact Laurie.budd@monash.edu for 

more information. 

mailto:Laurie.budd@monash.edu
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148) and striking a train/plane/tram (192). These crash types were identified as broadly sensitive to forward 
collision technologies by Anderson (2011). These broadly sensitive multi-vehicle crashes were restricted to 
motor vehicle-to-motor vehicle collisions; motor vehicle collisions with bicycles of these types are considered 
not likely to be mitigated by AEB in the striking motor vehicle. However, crashes with struck motorcycles, heavy 
vehicles and other motor vehicles were included in the analysis if the collision was with a light vehicle.  

There is also evidence that AEB systems may sometimes mitigate other crash types where an object smaller 
than a vehicle is in front of the AEB fitted vehicle, although AEB is less effective in these situations. These are 
single-vehicle crashes. Typical single vehicle crash types (with Victorian DCA groups) broadly sensitive to 
AEB are on-path struck object/animal crashes (164-167,193), missile crashes (191) and off end of road/T-
intersection (175). These crash types were identified as broadly sensitive to forward collision technologies by 
Anderson et al (2011). 

Recent developments in AEB sensors, have provided the potential for AEB systems to target traditionally 
broadly sensitive intersection collisions in the form of general AEB systems and in combination with the newly 
developed intersection advanced driver-assistance systems (I-ADAS), intersection movement assist (IMA) and 
right turn assist (RTA) 3. This analysis has recognised these developments by analysing separately a set of 
broadly sensitive intersection collisions, specifically: straight crossing paths (SCP) and low-speed right turn 
across path from the other direction (RTAP/OD) collisions.  This sub-set of broadly sensitive crashes were not 
analysed within the broadly sensitive group; instead they formed the intersection sensitive crashes.    

The most recent study of AEB effectiveness on Australian light crashes was published this year by MUARC 
(Newstead et al, 2020b).  Table 6 presents the overall results of statistical significance from this report. The 
table shows the effectiveness of AEB to reduce non-injury (property damage only) crashes and crash injuries, 
within each group of sensitive crashes. AEB was not found to produce statistically significant benefits to 
pedestrian sensitive crashes.  In this table, fitment is described as “All” or “Some”.  “All” refers to all variants 
of a model having standard fitment and “Some” refers to only some variants of a model having standard fitment.  
Statistical significance was generally only achieved with the “some” fitment rating and using this rating to 
evaluate AEB related savings from a crash set will of course lead to underestimates of benefits. This analysis 
will use only the effectiveness rates (presented in Table 6) which have demonstrated statistical significance (a 
p-value less than 0.05) to evaluate the potential of AEB to avoid sensitive crash crashes and to mitigate the 
injuries from sensitive crashes, for novice and experienced drivers respectively.  More details of why fitment is 
assigned in this manner follow in section 4.3. Minor injuries from broadly sensitive crashes will be assumed to 
reduce at the same rate as non-injury crashes. 

 

TABLE 6  NON-INJURY CRASH RISK AND INJURY RISK ASSOCIATED WITH AEB BY SEVERITY, 
SENSITIVITY AND FITMENT STATUS (NEWSTEAD, 2020)  

 Fitment Fatal and Serious Injuries Minor Injuries PDO crashes 

Narrowly Sensitive 
All   

0.54  
(0.35, 0.82) 

           p = 0.004 

Some 
0.73  

(0.58, 0.92) 
          p = 0.007 

0.81  
(0.75, 0.88) 

         p = <.0001 

0.79  
(0.71, 0.87) 

         p = <.0001 

Broadly Sensitive Some 
0.83  

(0.72, 0.96) 
            p = 0.01 

 
0.84  

(0.76, 0.92) 
         p = 0.0002 

SCP and low speed RTAP/OD Some 
0.77  

(0.65, 0.91) 
          p = 0.003 

  

95% confidence intervals are shown in brackets. 

                                                      
3 These technologies were developed in vehicles with left-hand drive and this report has adapted the names of the technologies to right-

hand drive situations such as that found in Australia: LEFT has been substituted with RIGHT when referring to turns. 
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3.2 Lane Departure Warning  

Crashes sensitive to LKAA are also sensitive to LDW.  Both systems target crashes arising from unintentional 
lane drift. Whilst LKAA actively assists the driver in the mitigation of targeted crashes, LDW provides only a 
warning to the driver. LDW is currently fitted in a small but growing proportion of the Australian vehicle fleet 
however LKAA has barely penetrated the Australian vehicle fleet, so the current analysis focuses on LDW. 

Recent real-world evaluations of LDW or LKAA (Cicchino, 2018; Kusano and Gabler, 2014; Kusano et al, 2014; 
Sternlund, 2017; Sternlund et al, 2017) identified sensitive crashes as single vehicle or two vehicle head-on or 
side-swipe crashes in various speed zones and in conditions with visible lane markings, and without snow or 
ice.  Information on driver behaviour not consistently available across the jurisdictions of Australian crash data, 
was used to define the sensitive crash set in most of these real-world evaluations.  Prior to the crash, the driver 
was to be in control or not intending to change lanes or drift. This means that single vehicle, head-on and side-
swipe crashes could not arise from overtaking or intentional lane change manoeuvres in order to be identified 
as sensitive to LKAA system.  Single vehicle off road lane departures, overtaking crashes and some lane 
change manoeuvres are all easily identified in crash data; however, it is not always clear if a side-swipe crash 
arises from intentional lane changes or from unintentional drift.  Visible lane markings are also not identifiable 
in crash data however it was assumed that crashes on divided roads, freeways and highways and that crashes 
on sealed roads in speed zones greater than 70 km/h occur on roads with edge-line markings. 

Not all jurisdictions include information on driver intent and none carry details of prior loss of control events.   
However, there were ways to approximate the sensitive crash sets.  If the proportion of sideswipe crashes with 
unintentional drift can be approximated, a proportion of these crashes may be assigned as sensitive. In 
Victoria, it is possible to determine the driver intent if it involves avoiding animals or being out of control.  In 
Victoria, the vehicle movement, as well as the driver intent is known, so if the movement is changing lanes, 
merging, avoiding animals or out-of-control, but the intent is to move forward, then the proportion of unintended 
lane changes can be determined, from amongst those that are not moving as intended. The sideswipes from 
unintended lane changes were examined in Victorian crash data. The following observations regarding crash 
data were made with respect to same direction crashes that were possibly sensitive to LKAA (cutting in, 
sideswipe and lane change): 

 

• 95-98% of the following manoeuvres involved no drift or loss of control 

o Right turn side-swipe 

o Left turn sideswipe 

• 86% of cutting-in after over-take   involved no drift or loss of control 

• 83% of lane side-swipe and 78% of “other” same direction involved no drift or  
loss of control  

• 77-80% of lane changes were intended. 

 
Of the recent evaluations of lane keeping systems, only the study of Sternlund (2017) evaluated its 
effectiveness using a crash set without restrictions on prior events or driver intention.  However, the Sternlund 
(2017) study crash set did not include sideswipe crashes in its set of crashes sensitive to LDW.  This analysis 
will define the LKAA sensitive set of crashes to match that of Sternlund (2017) and given that only a small 
proportion of unintentional drift was associated with Victorian sideswipe crashes, and that the overall proportion 
of sideswipe crashes was very small, sideswipe crashes will not be considered amongst the set of crashes 
sensitive to LKAA.  The set of crashes sensitive to LKAA for this analysis include: 

 

• Off path crashes (VIC DCA 170 to 189) in speed zones greater than 70 km/h, excluding crashes in 
the conditions of snow and roads such as unsealed roads where line-marking is not possible or 
likely. 

• Head-on crashes involving at least one light vehicle and one other motor vehicle, that do not involve 
overtaking (VIC DCA 120), in speed zones greater than 70 km/h excluding crashes in the conditions 
of snow and roads such as unsealed roads where line-marking is not possible or likely.  
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The crash is only avoided if the vehicle doing the unintentional lane departure is fitted with the lane keeping 
system.  For the purposes of this analysis, this vehicle will be known as the striking vehicle.  In sensitive multi-
vehicle collisions, both of the vehicles involved in the first collision event will be considered striking vehicles.  
Sideswipe crashes are not being considered, so it holds no relevance here, that for the most part, the striking 
vehicle cannot be identified for sideswipe collisions in Australian crash data. 

Sternlund (2017) estimated that, relative to fitment in non-sensitive driver injury crashes, LDW or LKAA 
systems were associated with a driver injury risk of 0.47 (upper 95%CI: 0.89) for all single vehicle and head-
on crashes, occurring in conditions without snow and located in speed zones of 70 to 120 km/h or located on 
roads with edge line marking.   This analysis will apply the effectiveness estimated by Sternlund (2017) to lane 
keeping system sensitive injury crashes. It will be applied equally across fatal, serious and minor injury crashes.  
Cicchino (2018) estimated that the relative risk associated with LDW sensitive crashes of any severity was 
0.89 (95%CI: 0.80, 0.99).  In addition to the sensitive crash requirements of Sternlund, Cicchino defined a 
sensitive crash as requiring no intentional lane-changes and included sideswipe crashes and crashes in speed 
zones above 60 km/hr.   As this is the best available estimate of property damage only reductions associated 
with LDW, this analysis will apply the effectiveness estimated by Cicchino (2018) to the lane keeping system 
sensitive non-injury (PDO) crashes as defined in this study. 

3.3 Electronic Stability Control 

Recent real-world evaluations of ESC (Ferguson, 2007; Fildes et al, 2013; Lie et al, 2006; Scully and 
Newstead, 2010) identify sensitive crashes as single vehicle injury crashes.  The meta-study of Fildes et al 
(2013) additionally restricts crashes  to those occurring in speed zones of 75 km/h or greater.  The study of 
Scully and Newstead (2010) is recent, large, based on Australian data and unlike that of Fildes (2013) was 
unrestricted by speed zone and was additionally disaggregated by injury severity and vehicle type. These 
properties make the effectiveness ratings of Scully (2010) to be best suited for use in this analysis. 
Furthermore, unlike AEB system which has experienced many recent developments ESC has not changed 
significantly since 2010, so the 2010 effectiveness ratings are likely to still be relevant in 2020.  The 
effectiveness ratings of Scully are presented in Table 7.  The effectiveness given for light vehicle driver injury 
crashes will be applied equally across fatal, serious and minor injury crashes. This is likely to lead to under 
estimation in a small percentage of cases when vulnerable road users are involved.  The “All Severity” 
effectiveness will be applied to property damage only crashes.   

 

TABLE 7  SINGLE VEHICLE CRASH RISK ASSOCIATED WITH ESC BY SEVERITY AND VEHICLE  
TYPE (SCULLY, 2010)  

 Driver Injury Crashes All severity Crashes 

All light vehicles  0.68 (0.61,0.77) p < 0.001 0.73 (0.69,0.77) p < 0.001 

Car 0.77 (0.68, 0.88) p < 0.001  0.81 (0.76, 0.87) p < 0.001 

SUV 0.30 (0.48, 0.56) p < 0.001 0.44 (0.38, 0.51) p < 0.001 

95% confidence intervals are shown in brackets. 

 

The set of crashes sensitive to ESC for this analysis are: 

• Off path crashes (VIC DCA 170 to 189); 

• Out of control while overtaking crashes (VIC DCA 151) – only the overtaking vehicle if a multi-vehicle 
crash.
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4. DATABASE TO SUPPORT THE ANALYSIS 

Three complementary data sources were used to evaluate the potential of mandated driver-assist systems in 
the vehicles driven by young drivers. These were: police-reported crash data; make, model and market groups 
of light vehicles assigned to the crash data using methods established in the Used Car Safety Ratings (UCSR) 
program4; RedBook safety feature fitment data merged onto the UCSR make and model groups for light 
vehicles within the Australian fleet, and Rightcar safety specifications matched onto the New Zealand fleet 
data using make, model and year of manufacture. 

4.1 Crash data 

Police-reported crash data were sourced from the data collected for the UCSR project which came from New 
Zealand and Australian jurisdictions (Newstead et al, 2019). These data cover the entirety of New Zealand as 
well as the five largest Australian States: New South Wales, Queensland, Victoria, South Australia and 
Western Australia (see Table 8). Although not having total national coverage in Australia (Tasmania, the 
Australian Capital Territory and Northern Territory data are not included) the database had sufficient coverage 
of the Australian crash population (95%) to be representative of the national situation. Many of the analyses 
were performed on only the light vehicles with models specifically coded for the UCSR (Table 8). 

 

TABLE 8  UCSR LIGHT VEHICLES IN ALL-SEVERITY AUSTRALIAN REPORTED CRASHES  
(2006-2017) AND NEW ZEALAND REPORTED CRASHES (2008-2018) 

 
All light vehicles % Coded Models % 

% coded with missing 
years of manufacture 

New South Wales  715,389   30  453,420  25  0.20 

Victoria  236,549   10  189,302  10  None 

Queensland  312,474   13  267,339  14  None 

Western Australia  752,456   31  607,525  33  1.70 

South Australia  396,192   16  332,450  18  0.19 

New Zealand 137,330  99,684  None 

Total 2,413,060  100  1,850,036  100  0.64 

 

Crashes were disaggregated into the severity classes: PDO, minor injury not requiring admission to hospital, 
serious injury where hospital admission is required and fatal (death within 30 days of the crash). These classes 
are defined by at least one crash involved person having sustained injuries meeting the class severity (e.g. a 
fatal crash is one where at least one person is killed). Data for PDO crashes were only available from 
jurisdictions other than Victoria and Queensland. For the New Zealand analysis, only injury crashes were 
studied as the Crash Analysis System (CAS) has consistent coverage only of these types of crashes. 

Crash details held in the database are extensive and include details of those involved in the crash, road user 
types and a broad range of crash circumstance information. Crash causation and fault were not analysed. 

 

 

                                                      
4 Howsafeisyour car.com.au  

http://www.howsafeisyourcar.com.au/?gclid=EAIaIQobChMI2P3Vm9yJ6gIVy38rCh23aAuqEAAYASAAEgKFv_D_BwE


 

 
BENEFITS OF ADDITIONAL VEHICLE SAFETY TECHNOLOGY TO NOVICE DRIVERS | 9 

 

4.2 Model and market group enhancement 

MUARC enhances the UCSR database by decoding vehicles into specific makes, models and market groups 
of light vehicles appearing in the crash data through a proprietary process of Vehicle Identification Number 
(VIN) decoding. Information on light vehicles involved in crashes can be presented with a high degree of 
specificity.  Make and model is identified for all Australian and New Zealand registered light vehicles 
manufactured since 1982, however because of privacy protection, the VIN is truncated making it impossible 
for the VIN decoder to identify individual vehicles down to the level of model variant. 

4.3 RedBook and Rightcar data 

The light vehicle models identified in the UCSR database were coded according to whether the following safety 
features were fitted: LDW, LKAA, ESC, Forward Collision Warning (FCW), and both low-speed and high-speed 
Forward Collision Mitigation (FCM) Systems. Forward Collision Mitigation is a sub-group of AEB systems that 
target forward collisions only. The definition of low and high speed varies by manufacturer and system type. 
For the purposes of this study, low speed systems were expected to perform best in speed zones of 60 km/h 
and under, and high-speed systems were thought to be optimal in speed zones greater than 60 km/h.  

The RedBook standard-fitment data were indexed to the model information of the MUARC VIN decoder. 
However, RedBook data links safety feature fitment at the model variant level and the MUARC system cannot 
identify the variant level of models. This means that some MUARC VIN decoder defined model groups may 
have a mix of variants within them, some with, and some without, a specific safety feature.  If all model variants 
for a VIN decoded make and model were fitted with the safety system, the fitment status of “all” was awarded 
to the model.  If only some, and not all, of the model variants were fitted with the safety system, the fitment 
status became, “some”.  The remaining light vehicles were classified as “no fitment or unknown fitment”. 

Safety specifications on the Rightcar website (NZTA, 2020) were not available for used imported vehicles, 
which constitute around half of the New Zealand fleet overall, including around 24% of vehicles manufactured 
from 2008 onwards and 10% of light commercial vehicles manufactured from 2008 onwards (New Zealand 
Ministry of Transport, 2019). A rule was therefore applied where a crashed vehicle was identified as having 
the given technology if at least 70% of all licensed vehicles with the given make/model/year of manufacture 
specifications that could be classified by the Rightcar website (NZTA, 2020) were identified as having the 
technology. To provide coverage for a large proportion of the fleet not able to be grouped by common 
make/model classifications, an imputation was made based on year of manufacture using the vehicles able to 
be classified as described above. This imputation was based on a match of the licensed vehicle fleet to 
Rightcar by the VIN number of the vehicle.  

4.4 Crash cost data 

Australian injury costs were derived from the Bureau of Infrastructure Transport and Regional Economics 
[BITRE] (2009) report number 118, “Cost of road crashes in 2006”. The 2006 human loss value of a fatality 
was costed at $2.4 million and the human loss of a hospitalisation at $214 thousand. A fatal crash was valued 
at $2.67 million, a serious injury crash at $266 thousand, a minor injury crash at $14.7 thousand and a PDO 
crash at $9.9 thousand Australian 2006 dollars.  BITRE uses a hybrid of the human capital and the willingness-
to-pay approaches which is further explained in: 

https://bitre.gov.au/publications/2010/files/sp_003_Risbey_Cregan_deSilva.pdf . 

The 2006 social costs of fatal, serious (hospitalised injuries), minor injury and PDO crashes were inflated to 
2020 costs using the June consumer price index (Australian Bureau of Statistics, 2020) to $ 3.6 million, $354 
thousand, $20 thousand and $13 thousand respectively.  Using the 2013 to 2017 weighting with the proportions 
of fatal, serious and minor injury crashes, the average cost of an injury crash is $150 thousand. 

For New Zealand, estimated annual social cost savings attributable to technologies under current fitment levels 
and under scenarios of 100% fitment were based on Ministry of Transport monetisation of social costs of road 
injury, derived from a willingness-to-pay value of statistical life. This value of statistical life was initially 
established from surveys in 1991  (Guria et al, 2003) and is regularly indexed to the average hourly earnings 
to express the value in future years’ dollars. The values used were (in $NZ, 2017 values) 4.562 million, 477,600 
and 25,500 for fatal, severe and minor injuries respectively (Ministry of Transport, 2018). New Zealand does 
not systematically record property damage only crashes, so these were not evaluated.

https://bitre.gov.au/publications/2010/files/sp_003_Risbey_Cregan_deSilva.pdf
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5. VALIDATION OF YOUNG DRIVER DEFINITION  

Because this analysis draws comparison between experienced and young drivers, drivers of crashed vehicles 
must be identified as novice or experienced.   

Australia 

There are two methods available in the Australian crash data that can be used to identify novice drivers.  
Provisional (or probationary) and full (or open) licence types may be identified in all jurisdictions except NSW.  
Using this definition greatly reduces the available data for analysis which adds unnecessary uncertainty to the 
projections made for the whole of Australia and unnecessary limitations to the regression analyses. This is 
because the provisional or experienced status of a driver may also be approximated by driver age groups: 35 
years to 55 years for the experienced and 17 years to 22 years and 23 years to 25 years for the novice drivers. 
When novice drivers are defined by age data from all available jurisdictions are permitted to be used.  This 
section validates the use of driver age as a surrogate for licence type using comparisons by vehicle age, 
vehicle market group and crash types.  In the following comparisons, and in all other analyses performed, 
drivers over the age of 55 years were excluded the comparison group of experienced drivers.  This was so 
that the analyses could be freed from the interference of factors associated with older drivers. 

The following comparisons, look also at how the similarities hold-up over time by comparing proportions within 
the current crash year (2017) with those averaged over the crash years 2006 to 2017.  Comparisons were 
made separately by crash severity. 

5.1 Comparison experienced driver definition  

The same comparisons were made for the experienced driver group.  By severity and vehicle age or sensitive 
crash type, the groups defined by licence or by age were virtually identical. Experienced drivers defined purely 
by age group displayed slightly higher market proportions for medium and SUVs at the expense of commercial 
utilities and small cars.   The vehicle age proportions and the crash sensitivity proportions held over time, 
however similar small market shifts toward utilities and SUVs in 2017 were seen in the experienced driver 
group as was seen in the young driver group (Figure 4).   Overall, the similarities in the two experienced driver 
groups held well over time and over severity. 
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Figure 2  A comparison of Australian young driver definitions using vehicle age and type in 2017 and 2006 to 2017 
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Figure 3  A comparison of Australian young driver definitions using crash sensitivity in 2017 and 2006 to 2017 
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Figure 4  A comparison of Australian experienced driver definitions using vehicle age and type in 2017 and 2006 to 2017 
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5.2 Young driver definition  

Figure 2 compares the definition of young drivers using vehicle age groups and vehicle types averaged over 
2017 and over 2006 to 2017.  Figure 3 makes the same comparison using the crash sensitivity to driver-assist 
systems. It may be seen that although the provisional licence group best matches the 17 to 22 years age 
group, all three groups are made up of very similar proportions of the groups for vehicle age or type.  The 
similarity of the 17 to 22 years age group and provisional licence generally holds when using the proportions 
of sensitive crashes, however there are slightly higher proportions of AEB broadly sensitive crashes and 
slightly fewer AEB narrowly sensitive crashes in young drivers defined by licence type. 

In recent years young drivers have trended toward driving older vehicles, as seen by a slightly greater 
proportion of vehicles aged 11 to 15 years and a lesser proportion of younger vehicles in 2017 compared with 
the overall average. Furthermore, recent years have also seen greater proportions of utilities, and SUVs at the 
expense of large cars. However, overall, the similarities in the three young driver groups hold fairly well over 
time and over severity. 

New Zealand 

In the New Zealand data, young drivers were defined as those still in the graduated driver licensing system, 
with constraints on night-time driving and driving with passengers.
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6. DATA INCLUSION AND EXCLUSION CRITERIA 

6.1 Novice and experienced drivers 

Light vehicle cases in all the analyses presented in this report are restricted to vehicles driven by young drivers 
and to vehicles driven by the comparison group of non-novice “experienced” drivers.  These are defined in the 
section above (section 5). 

6.2 The striking vehicles of sensitive crashes must be light vehicles 

Section 3 defined the sensitive and non-sensitive crashes of ESC, LKAA and AEB systems.  Additionally, 
section 3 described that in some cases, the crash was only avoided, or an injury mitigated if only one of the 
two colliding vehicles were fitted with the technology.  For example, in a rear-end crash, this was the forward 
moving, frontally impacted, striking vehicle.  Also, for consistency, this report (in section 3) generally used 
‘striking vehicle’ to describe a colliding vehicle in which fitment would allow mitigation or avoidance of a 
sensitive crash.   

Figure 3 has plotted the proportions of striking vehicles involved in sensitive crashes.  The tables and charts 
presented in the results section generally reference the role the vehicles play within the sensitive crashes.  
Each of the one or two vehicles involved in the initial collision event were identified and assigned a role.  There 
is one first event vehicle in a single vehicle crash; this vehicle has the only striking vehicle role.  There are two 
first event vehicles in a multi-vehicle crash.  At least one of the two first collision event vehicles of a multi-
vehicle sensitive crash is a striking vehicle, however it is possible for both to be striking vehicles.  This would 
be the case in head-on collisions and in straight crossing path AEB sensitive crashes. All sensitive crash 
vehicles that are parked, or not involved in the first collision event are not considered to be the striking vehicles. 

In this analysis, a crash was not considered sensitive unless at least one striking vehicle was a light vehicle.  
For example, if the only striking vehicle of an otherwise sensitive crash was a motorcycle, heavy vehicle or 
bicycle, the crash was not considered sensitive to the technology.  This report is only considering the fitment 
of these driver-assist systems in light vehicles. 

6.3 Severity of crash 

Analyses been performed separately for injury and non-injury crashes.  This is because non-injury crash data 
is offered from only three of the five Australian jurisdictions (and unavailable for New Zealand) and because 
associated injury mitigation cannot be measured from non-injury crashes.  The injury crash analyses also 
included analyses disaggregated further by injury severity categories. 

6.4 Criteria for the regression analysis only 

This report uses prevalence estimates, relative risk estimates and regression analysis. The prevalence 
estimates include describing differences between novice and experienced drivers across the Australian light 
vehicle fleet over the period of 2006 to 2017 and the New Zealand light vehicle fleet over 2008 to 2018, so no 
light vehicles or crash years were excluded.  However, because the regression analysis required some vehicle 
and crash matching between the sets of fitted and non-fitted vehicles, some vehicle exclusions were 
necessary. The regression analyses estimated the crash and injury risk benefits associated with the fitted 
driver-assist systems (novice relative to experienced) so the associated risk needed to be isolated from that 
associated with other factors.  Matching vehicles in the fitted and non-fitted vehicle sets reduces the influence 
of vehicle type and age and minimises bias in the benefit estimate.  The exclusions described in the following 
sub-headings apply only to the regression analysis dataset.  The regression analysis is described in section 
7.2.   

6.4.1 Crash year 

The risk associated with driver-assist systems in young drivers’ vehicles relative to experienced drivers’ 
vehicles was estimated using regression analysis of crash data restricted to the years 2013 to 2017 (Australian 
fleet).  This was because the discernible penetration of both AEB and lane keeping systems into the crashed 
Australian light vehicle fleet did not begin until 2012 and therefore, only crash data from 2013-2017 were 
included in the analysis (Figure 5 and Figure 6). This provided sufficient detail to obtain meaningful average 
estimates and permitted a better temporal match of crash circumstances in the fitted and non-fitted groups.  
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For example, population, road infrastructure and speed zones may be different in the period prior to 2013 and 
this period would only be providing non-fitted cases. 

ESC began its penetration of the Australian crashed vehicle fleet prior to 2006 and is currently fitted to almost 
half of all crashed light vehicles (Figure 7). 

The New Zealand analysis was restricted to crash data for the period 2014 to 2018 (Figure 8). 

6.4.2 Crash sensitivity 

Regression analyses were used to compare the crash benefit of each driver-assist system within its sensitive 
crash dataset for young drivers relative to experience drivers.  In doing so, all crashes non-sensitive to the 
specific system being studied were excluded. Separate regression analyses were carried out for each system; 
each using only crashes sensitive to the chosen system. 

In contrast, the additional benefits to young drivers for all three driver-assist systems combined were estimated 
using all crashes both sensitive and non-sensitive. This was the only way that the regression model could be 
applied across crashes of different driver-assist system sensitivity. 

6.4.3 Vehicle exclusion and inclusion criteria 

The vehicle sets used in the regression analysis consisted only of light vehicles that were assigned model 
codes during the UCSR analysis.  Furthermore, data were restricted to cases where the vehicles did not have 
a missing year of manufacture. This was because the fitment data from RedBook could only be matched on 
cases with a valid year of manufacture and a UCSR model code. Table 6 presents the Australian 2006 to 2017 
light vehicle cases with model codes and the percentage with missing years of manufacture.  Generally, all 
light vehicles meeting the crash year and year of manufacture inclusion criteria were coded.  Vehicle exclusions 
were based on crash sensitivities to the active driver-assist systems and on market penetration of driver-assist 
system fitment.  Exclusions did not consider make or model.  

 

 

Figure 5 Market penetration of two types of AEB systems in the Australian crashed light vehicle fleet, by crash 

year 
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Figure 6 Market penetration of LDW and LKAA systems in the Australian crashed light vehicle fleet, by crash 
year 

 

 

Figure 7  Market penetration of ESC systems in the Australian crashed light vehicle fleet, by crash year 

 

 

Figure 8 Proportion of New Zealand crashed vehicles with given safety technology (imputed from RightCar 
using year of manufacture; crash data 2008-2018) 
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6.4.3.1 Vehicle year of manufacture 

As can be seen in Figure 9, Figure 10 and Figure 11, the market penetration of AEB and LDW in Australian 
light vehicles manufactured prior to 2013 was not discernible. Therefore, the regression analyses of the 
different effects of AEB and LDW in the light vehicle fleet by experience were restricted to vehicles 
manufactured in 2013 and beyond, so that the vehicles without active driver-assist system fitment matched 
roughly by age to those with. Almost all light vehicles manufactured after 2013 were identified as having ESC 
fitment, so by limiting the vehicle year of manufacture to at least 2013, the reference set of vehicles without 
ESC fitment will be small, but of similar age. Narrowing the age range of the analysed vehicles approximates 
the matching of secondary safety features in the fitted and non-fitted vehicles. 

Note that the ghosted 2018 to 2020 lane keeping system fitments in these Figure 10 are third order polynomial 
projections. 

For the New Zealand analysis, analysis of data for all licensed light passenger vehicles as at the beginning of 
2019 and the Rightcar database (matched by VIN) showed that around half of vehicles manufactured in 2008 
were equipped with ESC. For the other two technologies, fitment rates are very low, only starting to be 
established around 2015 and approaching 10% for the most recent (2018) vehicles (Figure 12). 

6.4.3.2 Striking vehicles 

The regression analysis compares the crash benefit of each driver-assist system within its sensitive crash 
dataset for young drivers relative to experience drivers.  It examines a driver-assist system fitment effect and 
for fitment to have relevance it must be in the striking vehicle only.  Thus, only striking vehicles from each 
sensitive crash set were included in the datasets used for the individual driver-assist system regression 
analyses.   

Furthermore, the analysis provided crash benefits and duplication of crashes was avoided through restricting 
the analysis to one vehicle per crash. It was possible to have two striking vehicles per sensitive crash, however 
it was unlikely after excluding on the basis of driver age, vehicle type as light and year of manufacture. In this 
rare event, both were vehicles were included and crash injuries were split over the two vehicles; a weighting 
of 0.5 was applied when summing injuries and crashes over categories.   

 

 

Figure 9 Market penetration of AEB in the 2013-2017 model decoded UCSR Australian light vehicle fleet by 
year of manufacture 
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Figure 10 Market penetration of LDW and LKA in the 2013-2017 model decoded UCSR Australian light vehicle 

fleet by year of manufacture 

 

 

Figure 11  Market penetration of ESC in the 2013-2017 model decoded UCSR Australian light vehicle fleet by 
year of manufacture 
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Figure 12 Proportion of New Zealand licensed vehicle fleet matched to Rightcar that had specified technology, by 

year of manufacture 
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7. METHODS 

7.1 Current and future comparative crash burden of novice and experienced drivers 

The initial part of this analysis presents a comparative analysis of crash patterns and vehicles driven by novice 
and experienced drivers.   

1. Tables or charts of data were produced which compare proportions of: 

 

• vehicle age groups; 

• vehicle market groups; 

• crashed striking vehicles of crashes sensitive to driver-assist systems;  

• driver-assist system fitment 
by the two driver groups and by injury severity.  These charts and tables were used to highlight similarities 
and differences between the two groups. 

2. Tables were produced which compared the current average annual 2013 to 2017 (Australia) and 2014 to 

2018 (New Zealand) injury and crash burden, by driver age group, vehicle market group, crash type, 

fitment status and severity.  The proportions these make of crashes and injuries from drivers of all ages, 

as well as the per-vehicle injury rates were calculated to compare the contribution that novice and 

experience drivers make of all. 

3. Next datasets and future projections from a 2019 project identifying future safety priority areas (Budd et 

al, 2020) were interrogated by driver groups, crash type and severity to: 

 

• estimate the projected natural fitment of ESC, LDW and AEB under business as usual;  

• estimate the injuries predicted to be reduced by the projected natural fitment of LDW. (ESC in 2030 
will have almost reached complete fleet penetration, and AEB was projected using the methods of 
Budd (2020)). 

These estimates were used to indicate how projected fitment, reductions and the future injury burden is 
expected to differ by driver experience.  The future injury burden was expressed as a proportion of all 
injury crashes of same driver age group and severity. 

A comparison of current and expected future injury burden was made for novice and experienced driver 
groups. 

 

The charts characterising novice and experienced driver (results section 8.1) are vehicle-based so more than 
one vehicle per crash may be presented. The sensitive crash burden tables presented in section 8.2 differ in 
that they are representing crashes, and crash savings were estimated from these tables using the 
effectiveness ratings presented in section 3. This means that crash duplication was not permitted.  This was 
achieved by either limiting the crash to one (striking) vehicle per sensitive crash for crashes sensitive to ESC 
and single vehicle LKAA, and for narrowly and pedestrian sensitive AEB crashes.   For two vehicle collisions, 
the vehicles were given a 0.5 weighting prior to summation and crash injuries per vehicle were halved. 

7.2 Relative risk of crashes or crash injuries  

The effectiveness associated with the driver-assist system in young drivers’ vehicles relative to those in the 
vehicles of more experienced drivers was determined through the regression analysis of Australian crash data. 
The effect measured in the analysis was the reduction in crashes or the reduction in injuries, associated with 
the driver-assist system fitment in the crashed vehicle. When there was only a single system being evaluated, 
the analysis crash set consisted only of crashes sensitive to the driver-assist system. When all three driver-
assist systems were being analysed in combination, the analysis crash set was made up of all crashes 
regardless of sensitivity. Sensitivity indicates that it is thought that the crash could be avoided or the injuries 
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mitigated by the system fitment to the crashed vehicle. The analysis produced a relative risk which is the ratio 
of the crash or crash injury risk associated with the driver-assist system in vehicles driven by novices, and the 
same risk in the vehicles driven by the comparison group of experienced drivers.  This risk is interpreted as 
how many more times effective that the driver-assist system is for young drivers than it is for experienced 
drivers.   

This analysis aims to identify additional benefits of these driver-assist systems that are available only to young 
drivers.  Because driver-assist systems provide an automated response, driver age-related differences in 
effectiveness are not differences in the efficacy of the driver-assist systems but rather differences in the 
proportions of crashes where the driver-assist system is efficacious, and differences in the proportions of 
crashes where the driver-assist system is more efficacious. Efficacy is related to factors which limit the driver-
assist system such as speed, following distances, whether conditions and line marking. If the system does not 
work at all in the presence of a factor, the crashes with the factor were excluded from the sensitive crash set 
providing that the factor was available in the data.  When not available in the data, the factor contributes to the 
effectiveness of the technology in the targeted crash set. For example, a system could be more efficacious 
when a driver is driving too close to the vehicle in front, and only efficacious when the driver is not drunk.  
Driver impairment and close-driving are factors not available in the analysis dataset so could not be used to 
exclude non-sensitive crashes.  If the young driver group has a greater proportion of drunk drivers, the system 
will be relatively less effective for young drivers.  However, if close driving behaviour is greater for young 
drivers, this system would be more effective for young drivers.  Real-world effectiveness is measured using 
the combined effects of all influencing factors in the real-world, as well as the effects of driver acceptance and 
compliance. The relative effectiveness then compares the effectiveness for young drivers with the 
effectiveness for experienced drivers so that it may be determine whether the system is more effective for 
young drivers in Australia. 

Because young drivers are associated with specific market groups of light vehicles, the types of crashed 
vehicles driven by novices were matched with the crashed vehicles driven by the comparison drivers to 
minimise the confounding bias of vehicle type.  

A Poisson distribution generalized linear regression model was fitted to the light vehicle sensitive crash data 
to estimate crash risks in the young driver crashed vehicles relative to the experienced driver crashed vehicles. 
Having established the need to stratify the analysis by vehicle size, the form of the analysis model is given by 
Equation 1.  

𝒍𝒏(𝒚𝒔𝒇𝒅) = 𝜶 +  𝜷𝒔𝒇 + 𝜸𝒔𝒅 + 𝜹𝒔𝒇𝒅  … (Equation 1) 

     In Equation 1,  

y  is the crash injury or crash count  

d is the driver type index (novice / experienced)  

f  is the fitment status (fitted / not fitted) 

s  is the stratum indicator   

α, β, γ, δ are parameters of the model. 

The injury count was either all injuries, minor injuries or fatal and serious injuries. Given the low number of 
fatalities in the data, analyses were conducted on combined fatal and serious injuries. For the crash analyses, 
y was the crash count and crashes were grouped as injury, minor injury, fatal and serious injury or property 
damage only crashes. Property damage only crashes were present only in the crash data of New South Wales, 
South Australia and Western Australia. 

A separate model was used for each severity and each sensitive crash type. 

For the analyses of individual vehicle safety systems, the ESC, LDW or AEB fitment status was modelled with 
either two or three levels of system fitment. The three levels of fitment categories applied to vehicle models 
were defined directly from the RedBook data: no technology fitment, some model variants were fitted with the 
technology and all variants of a model were fitted with the technology. LKAA was not able to be modelled using 
three levels of fitment. 

Models also combined the all and some categories into a binary fitment covariate; this approach allowed lane 
keeping sensitive crashes to be analysed for any lane keeping technology (i.e. both LDW and LKAA fitment).  
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For the combined technology model, fitment was a binary variable taking on the value 0 when none of the 
vehicle safety systems were fitted, and 1 when all or some of the model variants had any of the vehicle safety 
systems fitted. 

The stratification used four levels of vehicle type (small car, large car, SUV or light commercial vehicle - LCV).  
‘Small cars’ included light, small and small SUV market groups.  ‘Large cars’ included people movers, and 
large and medium car market groups. The SUVs consisted of large and medium sports utility vehicles. The 
LCVs were commercial utilities and vans.  By stratifying by vehicle size and by matching vehicle age (through 
year of manufacture exclusions) the evaluation is roughly adjusted for vehicle crashworthiness.  
Disaggregation of the count data by fitment status, driver experience and vehicle type often led to categories 
with no counts.  This did not prevent the stratification being used in the combined vehicle type analyses, 
however when analysing the relative risk by vehicle type, some vehicle types were not able to be analysed. 
Sensitivity to at least one of the vehicle safety systems was used as an additional level of stratification in the 
combined system model. 

Non-vehicle factors such as: driver sex, speed, weather conditions or intersection locations were not 
considered confounders because evaluation within the actual crash environment was required.  

LDW and AEB currently suffer from poor fleet fitment, and fitment largely fell in the “some” category.  This 
meant that the counts within the “all” categories were often zero, and that analyses using binary fitment had 
greater power.  In contrast, because of high fleet penetration, the ESC analysis suffered from poorly populated 
‘some’ and ‘no fitment’ categories.  When there were no vehicles without fitment, effectiveness could not be 
compared and no relative risk could be estimated. 

Earlier in this report, drivers aged 17 to 22 were validated as novice, and drivers aged 35 to 55 were validated 
as experienced. Attempts were made to also include drivers aged 23 to 25 in the regression analysis, using 
all three levels of driving experience.  However, this was not always possible because the group of drivers 
aged 23 to 25 was much smaller than the other two groups and disaggregation by fitment status and vehicle 
type often led to unpopulated categories.  Because the 23-25 years age group did not match the characteristics 
of provisional licensees as well as the 17 to 22 years group did, regression analysis results focus on the 
comparison of 35 to 55 years and 17 to 22 years groups.   

Because crash and injury savings were calculated using all crash data, it was necessary to repeat the analyses 
using a comparative group of all other drivers (aged over 22). 

The relative crash risks for each vehicle type were estimated from the δ parameters of the model. By replacing 
𝛿𝑠f𝑐 with 𝛿f𝑐, the overall effect for the system fitment was estimated. 

Tests for over-dispersion found that no Pearson’s scaling of the estimate confidence intervals were required 
for the ESC or AEB analysis. Pearson’s scaling was used to adjust for over-dispersion in the LDW analysis.  

7.3 Crashes and injuries saved within a set of sensitive crashes 

Australia 

Effectiveness is defined as the percentage reduction in Australian police-reported target (sensitive) crashes or 
target crash injuries, associated with the driver-assist system fitment in crashes involving light vehicles. The 
target crash population is the group of crashes in which the system is likely to, or has already shown to have, 
an effect. The effect in this instance is not just activation of the driver-assist system, but activation which results 
in target population crash avoidance or mitigation.  Effectiveness estimates were sourced from literature 
(section 3). 

The literature sourced technology associated risks by sensitive crash type and severity (section 3) were used 
with the average annual crash and injury counts (2013 to 2017) by type and fitment status (from 8.2), to 
estimate the crashes and injuries that are currently being avoided in vehicles fitted with AEB, LDW and ESC.  
Firstly, the overall proportion reduced (PR) was calculated from the associated relative risk (RR) from literature 
using Equation 2.  

PRoverall = (1-RRliterature) … (Equation 2) 

The overall savings is the sum of the savings from the young driver crashes and the savings from all other 
driver crashes.  The overall average annual savings are calculated according to Equation 3 which applies the 
proportion reduced to the crashes or crash injuries associated with the fitted vehicles, by sensitive crash types. 
It assumes that fitment has already prevented a proportion of vehicles from crashing (savings), and that the 
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police-reported crashed vehicles form the remainder.  The savings, Scurrent, estimated from Equation 3 are the 
crash and injury savings estimated for the light vehicle fleet under current fitment. 

Scurrent = PR x Cfitted … (Equation 3) 
             (1 – PR) 

Cfitted is the average annual count of crashes or injuries from fitted vehicles.  The actual 2017 counts of fitted 
vehicles by crash sensitivity and severity could not be used because disaggregating fitted vehicle data by crash 
sensitivity and severity produced small crash counts which subjected calculations to variation that could not 
be smoothed by averaging counts over a period of time.  Fitment was low within sensitive crashes because 
many fitted vehicles would have experienced crash avoidance or injury mitigation.  Matters could not be 
improved by averaging the counts over the five years period because annual fitment could not be assumed to 
be constant over the period.  For each year, from 2013 to 2017, market penetration of the vehicle safety 
systems increased, so that averaging over several years would underestimate current fitment.  Therefore, Cfitted 
was estimated by first calculating the current proportions of fitted vehicles over the entire 2017 crashed fleet 
by driver age groups, and then applying these fitment proportions to annual average counts disaggregated by 
sensitivities and injury severity. 

For the AEB analysis, PDO crash risk estimates were available to assess current savings from both the ‘all’ 
variant and the current ‘some’ variant fitment status.  For all other instances, the available literature 
effectiveness was applied equally to both fitment types.  

The sum of the observed (remainder) crashed vehicle count and the calculated savings is the estimated set of 
vehicles that would have crashed if the system had no effect.  When estimating the potential savings for a one 
hundred percent fitment situation, reductions are applied to this sum according to Equation 4. 

S100%fitment = PR x Σ (Cobserved, Scurrent) … (Equation 4) 
(1 – PR) 

Cobserved is the average annual count of crashes or injuries from all light vehicles (from the sensitive crashes).  
The PDO crash savings from 100% fitment of AEB were estimated using the ‘all’ variant fitment risk estimate.  

The overall proportion reduced may be thought of as the weighted average of the proportion of young driver 
crashes reduced (PRNov) and the proportion of the other driver crashes (PRother) where the weight is the 
proportion of all sensitive crashes that the novice and other groups make: PNov and (1-PNov) respectively.  

PRoverall = PRNovice.PNovice + PRother. (1-. Novice) … (Equation 5) 
 

If the system is equally effective in the vehicles driven by both driver age groups, then the overall proportions 
of reduction are applied across vehicles driven by all age groups according to Equations 2, 3 and 4.  However, 
if this is not true then the proportion of crashes reduced in the vehicles driven by young drivers may be 
estimated by applying the estimated relative risk (from previous section).  The relative risk is a ratio of how 
much greater the system associated crash or injury risk is in the young driver group relative to the same risk 
in drivers with greater experience. 

The relationship between the proportion of young driver crashes reduced and the proportion of the remaining 
crashes was determined by generalized linear regression as a relative risk.  In Equations 6, 7 and 8 this 
relationship has been characterized with the letter Z. 

PRNovice = 1- RRNovice  = 1- Z RRother   =  1 – Z.(1-PRother) … (Equation 6) 
Similarly 

PRother =  - RRother  = 1- RRNovice/Z   =  1 – (1-PRnovice)/Z … (Equation 7) 

 

If Equation 7 is substituted into Equation 5, the proportion of young driver crashes reduced may be calculated, 
as shown in Equation 8. 

PRNov = PNov (Z-1) – Z. ( 1 -PRoverall) + 1 … (Equation 8) 
PNov (Z-1) + 1 

 

Equation 8 may then be used to calculate young driver crash and injury savings under both current and one 
hundred percent fitment (using Equations 3 and 4) when the benefits associated with fitment are significantly 
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different in the Novice group. When Z is equal to or greater than ‘(1-Pnovice)/(1-PRoverall-Pnovice)’, the effectiveness 
will be assumed to be zero. 

Savings were also estimated by the stratifying variable vehicle type, by first determining the proportion of 
overall savings that were associated with each market group and then adjusting the savings accordingly to 
reflect the relative risk regression results.   

The 95% confidence interval of the relative risk estimates were used to estimate the upper and lower bounds 
of the savings.   

New Zealand 

To estimate the proportion of injuries prevented both under current rates of fitment of the technologies and 
under scenarios of 100% fitment, an estimate needed to be made of the proportion of crashes that would have 
occurred if current fitment levels were zero. The injury levels currently could be then subtracted from the 
estimated level under current technology fitment to estimate the proportion saved currently. 

I(0)= I(C)/[ FR x RR + (1-FR) ]...(Equation 9) 

In Equation 9, 

I(0) is the expected injuries for sensitive crash type under zero fitment 

I(C) is the observed injuries for sensitive crash type under current fitment level 

RR  is the relative risk of sensitive crash type for vehicles fitted with technology compared to 
vehicles not fitted 

FR is the fitment rate of technology 

 
An estimate of savings under current levels of fitment was then be made by subtracting I(C) from I(0). 

Injuries savings under a scenario of 100% fitment were estimated using: 

I(100%) = I(C)/RR  (setting FR=1 in Equation 9) minus savings under current fitment rate. 

7.4 Value of crashes saved 

The human loss costs of Australia injury and PDO crashes saved were calculated using the $AUD 2020 costs 
described in section 4.4.  

7.5 Using LDW as a surrogate for LKAA 

This analysis uses the savings potential of LDW system as a surrogate for the potential savings available for 
LKAA. This will likely under-estimate the savings potential of LKAA because LDW is not an active assist system 
and as such its effectiveness is limited by both driver response and driver acceptance (having it turned on).  

Lack of driver compliance, acceptance and trust can make warning systems less effective in the real-world. 
Warning systems will be ineffective in situations where they are fitted but not turned on such as when drivers 
are annoyed by, or mistrust the system.  One study found that although drivers had FCW turned on almost 
100% of the time, LDW was only turned on 33% of the time (Reagan and McCartt, 2016). LDW seems to suffer 
in its success from a degree of mistrust or annoyance.  In contrast, driver-assist systems focus on an 
automated intervention, which most would agree is far less annoying than flashing lights, a vibrating steering 
wheel or repeating beeps, so as long as the driver has trust in the system, LKAA is likely to be more effect 
than LDW on the basis of driver acceptance. 

Warning systems are also likely to be less effective when the imminent crash is not caused by distraction. 
Kusano and Gabler (2014) examined the relationship between success and causation of crashes sensitive to 
Pedestrian Collision Avoidance Systems, FCW, LDW and V2V/V2I (I=infrastructure).  The study found that 
these systems, which rely on warnings, were most likely to mitigate crashes with a distraction cause and that 
this was a major cause of crashes sensitive to these technologies. Distraction was the cause of about half of 
the FCW and V2V sensitive crashes and about a quarter to the LDW sensitive crashes.  Drivers are generally 
compliant to warnings when distracted, however the authors state that because warning systems rely heavily 
on warning the driver, the warning systems will most likely not mitigate crashes primarily caused by driver 
impairment (which prevents a response to a warning), excessive speed (which prevents sufficient time for 
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adequate braking), close following distance (which prevents sufficient time for adequate braking) or vehicle 
failure (which is more likely in older vehicles).  Because the response is automated, LKAA systems will yield 
greater benefits than LDW when the crash is not caused by distraction.  Furthermore, it is well known that 
young drivers are associated with older vehicles and higher speeds, so it is possible that the additional benefits 
available to LKAA (over LDW) will be greater for young drivers. Conversely, the same differences in crash 
causation (speeding and older vehicles) would lead to LDW being more effective for experienced drivers than 
for young drivers. 

Section 1 described some of the cognitive reasons that put young drivers at greater crash risk and why young 
drivers are more likely to benefit from driver-assist systems than experienced drivers.  This reasoning would 
also make LKAA likely to yield greater benefits than LDW for young drivers. 
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8. RESULTS  

In this section bracketed values accompanying point estimates are the 95% confidence intervals for the 
estimate.  They are based solely on the 95% confidence intervals of the regression analysis coefficients. 

8.1 Characteristics of young drivers compared with experienced drivers  

In this section the crashed vehicles of drivers on provisional licences are compared with the crashed vehicles 
of drivers aged 55 years and under and on open, full licences.  This means that the analysis in this section 
excluded data from New South Wales. 

8.1.1 Vehicle age and type 

The charts of Figure 13 and Figure 14 are derived from Australian crash data consisting only of light vehicles 
which are complete with years of manufacture.  The vehicles making up the charts comparing market groups 
are additionally restricted to only vehicles with model codes.  These charts use the licence definition for driver 
experience. Charts were similar when age group was used to define experience; however proportions for the 
23 to 25 years age group lay somewhere between the 17 to 22 years and the 35 to 55 years driver groups.   

 

 

 

Figure 13  Comparison of age and type proportions of 2017 Australian light vehicles crashed by novice and 
experienced drivers 

 
It can be plainly seen that greater proportions of provisional drivers drive older vehicles.  The proportions of 
newer (≤ 5 years) vehicles being crashed by young drivers was half that of experienced drivers: 34% in young 
drivers’ vehicles of injury crashes compared with 17% in experienced drvers’ vehicles. The proportions of 
young drivers crashing vehicles aged more than ten years were approximately 60% greater than the 
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proportions for experienced drivers.  Within each age group of vehicle, the proprtions of novice and 
experienced drivers (only) were examined (Figure 14) and young drivers were found to decrease 
representation with decreasing vehicle age. 

A greater proportion of young drivers crashed large, small and light vehicles and a lesser proportion of young 
drivers crashed SUVs and utilities.  Within each market group of vehicle, the proprtions of novice and 
experienced drivers (only) were examined (Figure 14) and young drivers were found to be driving the least 
proportions of the more aggressive types (SUVs, commercial vehicles and people movers).  They were 
represented with the greatest proportions in large, small and light vehicles. 

Trends in proportions for injury and non-injury crashes were similar.   

 

 

 

Figure 14 Comparison of proportions of crashed novice and experienced drivers by vehicle age and type of 2017 
Australian light vehicles  

 
The trends towards less aggressive and older vehicles in young drivers demonstrate the need for matching 
vehicle types and vehicle age in the regression analysis, and the need for stratifying the injury burden and 
potential savings of driver-assist systems by vehicle age and type.  By doing this, the vehicle age and types 
with the greatest available benefits can be identified. 

The charts of Figure 15 and Figure 16 are derived from New Zealand crash data for the period 2008 to 2018 
consisting only of light vehicles.   
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Figure 15 Proportion of injury crashes involving novice and non-young drivers according to age of vehicle driven 

(New Zealand) 

 

 

Figure 16 Proportion of injury crashes involving novice and non-young drivers according to market group of 
vehicle driven (New Zealand) 

 

8.1.2 Sensitive crashes 

A similar set of charts and tables present novice and experienced driver comparisons by severity for crashes 
sensitive to ESC, lane keeping systems and AEB (Australia: Figure 17 and Figure 18 / New Zealand: Figure 
19 and Figure 20, Table 9 and Table 10). AEB-I, AEB-N, AEB-B and AEB-P represent the crashes with different 
sensitivities toward AEB. These are respectively, intersection (straight crossing paths and right turn across 
path) sensitive crashes, narrowly sensitive (rear-end) crashes, broadly sensitive crashes and pedestrian 
sensitive crashes.   
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Figure 17 Comparison of sensitive crash proportions of 2017 Australian light vehicles crashed by novice and 
experienced drivers 

 
Across all severities of Australian crashes, ESC and lane keeping sensitive crashes make up a larger 
proportion of crashes involving young drivers. Across minor injury and non-injury crashes, AEB sensitive 
crashes make up a greater proportion for young drivers than for non-novices. A greater proportion of fatal and 
serious crashes are narrowly sensitive to AEB for young drivers (Figure 17). Within each crash sensitivity 
group, the proportions of novice and experienced drivers (only) were examined (Figure 18). Young driver 
crashes made up the greatest proportion of ESC and lane keeping sensitive crashes. 
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Figure 18 Comparison of proportions of crashed novice and experienced drivers by crash sensitivity of 2017 
Australian light vehicles  

 
These findings indicate that ESC, AEB and LKAA have the potential to reduce a greater proportion of injuries 
within young driver involved crashes than for experienced driver crashes. 

Table 9 shows the proportion of injuries by severity in the New Zealand crash years 2008 to 2018 overall that 
were sensitive to the technologies studied.  Lane Departure Warning systems were relevant to the highest 
proportion of injuries, particularly the fatal injuries, followed by ESC for light passenger vehicles. Note that the 
crash types addressed by the technologies have some overlap (for example ESC and LDW are relevant to 
many of the same crashes), and the proportions add to more than 100%. There have been no studies to our 
knowledge that have evaluated the effectiveness of more than one of these technologies in combination. The 
analysis below therefore took a conservative approach of assuming that multiple technologies would prevent 
a given crash type according to the proportion prevented by the most effective technology for that crash type. 
In other words, it was assumed that there was no additional benefit provided by the combined technologies for 
crash types targeted by multiple technologies.  
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TABLE 9  PROPORTION OF INJURIES WITHIN SEVERITY LEVELS IN THE YEARS 2008-2018 THAT 
WERE SENSITIVE TO THE TECHNOLOGIES STUDIED (NEW ZEALAND) 

 
Injury severity 

 Fatal  Severe Minor  
ESC – single vehicle cars 31% 30% 27% 

ESC – single vehicle SUV 6% 4% 3% 

AEB narrow 1% 3% 7% 

AEB broad 21% 14% 13% 

AEB intersection 3% 6% 8% 

AEB pedestrian 11% 18% 12% 

LDW 40% 25% 19% 

 

Table 10 shows the proportion of road injuries arising from young driver crashes in New Zealand occurring 
over the period 2008 to 2018. These are shown with severity levels both overall and for crash types sensitive 
to the technologies studied. Figure 19 and Figure 20 show the proportion of fatal, serious and minor injuries, 
by driver group, arising from crashes in New Zealand that were sensitive to the technology studies. Table 10 
shows that one fifth of all fatal road injuries involved young drivers, with slightly higher proportions for severe 
and minor injuries. When considering the sorts of crashes targeted by the three technologies, young drivers 
were clearly overinvolved in single vehicle crashes while driving cars and also in crashes for which LDW is 
applicable. 

 

 

Figure 19 Proportion of fatal and serious injuries involving novice and non-young drivers that were sensitive to 
safety technologies specified (New Zealand) 
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Figure 20 Proportion of minor injuries involving novice and non-young drivers that were sensitive to safety 

technologies specified (New Zealand) 

 

TABLE 10  PROPORTION OF ROAD INJURIES 2008 TO 2018 BY SEVERITY LEVEL ARISING FROM 
YOUNG DRIVER CRASHES BOTH OVERALL AND WITHIN CRASH TYPES SENSITIVE TO 
THE TECHNOLOGIES STUDIED (NEW ZEALAND) 

 Injury severity 

Crash type fatal severe minor 

Overall 20% 22% 22% 
ESC – single vehicle cars 28% 31% 33% 

ESC – single vehicle SUV 19% 26% 23% 

AEB narrow 13% 24% 24% 

AEB broad 21% 22% 21% 

AEB intersection 18% 16% 18% 

AEB pedestrian 15% 16% 14% 

LDW 23% 28% 29% 
 

8.1.3 Fitment of driver-assist system in light vehicle crashes 

Electronic Stability Control fitment in crashed light vehicles during 2017 is high for Australian vehicles driven 
by both novice and experienced drivers.  Twenty-seven percent to 45% of crashed vehicles have ESC fitted 
in all variants of a model and approximately an additional fifth of crashed light vehicle models had ESC fitted 
in ‘some’ model variants in 2017. Within the models with ‘all’ variant fitment, the proportion of novice driver 
vehicle fitment was 18% units less than the fitment in vehicles driven by experienced drivers (Figure 21).  
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Figure 21 Comparison of proportions of fitment within the 2017 crashed light vehicles by crashed novice and 

experienced driver age groups (Australia)  

 
In 2017 crashed vehicles, vehicle fitments of lane keeping systems (LKAA and LDW) and AEB were low 
amongst the vehicles of both novice and experience drivers in the Australian fleet; fitment rates for novices 
were less than half that for experienced drivers.  In 2017 there were almost no light vehicles with LKAA fitted 
so the chart presents the pooled LKAA and LDW fitment; this meant that the all and some disaggregates were 
also pooled. Figure 21 also presents pooled all and some variant fitment disaggregates for AEB; this was 
because the all variant fitment rates were below 0.6%.   

Table 11 shows that over the years 2014 to 2018, only 0.2%, 0.2% and 19% of New Zealand young driver 
crashed vehicles were fitted with LDW, AEB and ESC respectively. This is related to the older average age of 
vehicles driven by novices. Non-novice vehicles had higher rates of fitment, but these rates are also 
constrained by the relatively old New Zealand fleet generally. 

 

TABLE 11  ESTIMATED FITMENT RATE OF TECHNOLOGIES TO CRASHED VEHICLES DURING 
2014-2018 OF NOVICE AND NON-YOUNG DRIVERS (NEW ZEALAND) 

 Technology type 

 LDW AEB ESC 

Novice 0.2% 0.2% 19.0% 

Non-novice 0.6% 0.8% 34.1% 
 

8.2 The injury and crash burden of sensitive crashes for age group defined novice and 
experienced drivers  

Injuries and crashes were aggregated by driver age groups over the five years period from 2013 to 2017.  
Weighted annual averages of striking vehicles and associated crash injuries were calculated to estimate the 
Australian average annual crash and crash injury burden of crashes sensitive to vehicle fitment of ESC, LKAA 
and AEB. When two-striking vehicles were involved in a multi-vehicle crash, the counts of sensitive crashed 
vehicles and associated crash injuries were weighted by 0.5; otherwise a weighting of one was used. 

The tables in this section also present crash and injury rates by driver age group. 
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• For each age group, the sensitive crash injury count (by severity) has been expressed per sensitive 
injury crash to indicate the relative severity of sensitive injury crashes within age groups.  For example: 
minor injuries from sensitive crashes by age group are divided by the (crash weighted) sensitive injury 
crashed light vehicles driven by the same age group. 

• For each age group, the sensitive crash injury count (by severity) has been expressed per 100 whole 
fleet injury crashed light vehicles (sensitive and non-sensitive) to indicate the sensitive crash injury 
burden relative to all injury crashed light vehicles within age groups.  For example: serious injuries 
from sensitive crashes by age group are multiplied by 100 and divided by the injury crash involved 
light vehicles of the entire fleet driven by the same age group. 

• For each age group, the proportion that sensitive crash injuries (by severity) make of the entire light 
vehicle fleet injury count (by severity) indicates the injury burden relative to all injury across age groups.  
For example: fatalities from sensitive crashes by age group are expressed as a proportion of the entire 
fleet fatalities, so if all age groups and crash sensitivities were presented, each row would sum to 
100%. 

 

This section also tables the distribution of vehicle types and vehicle age groups by driver age group and 
crash sensitivity.  The percent within each age group and severity will total to 100 (column).  These 
percentages may be used to apportion the injury and non-injury crash burden amongst market groups and 
vehicle age groups. 

 

Australia 

8.2.1 ESC sensitive striking vehicles 

The 17 to 22 years age group includes only one third the number of birth years as the 35 to 55 years age 
group, yet the average annual counts of crashes and injuries within these two age groups were similar for ESC 
sensitive crashes; the counts within the novice group even exceed that of the experienced group for minor 
injury crashes and minor injuries. Furthermore, the injury burden of sensitive crashes as a percentage of all 
fleet crash injuries was almost the same for novice and experienced drivers across all severity of injury5.  

Within age group defined injury crashes, ESC sensitive crashes contributed to more than double the injury 
burden for young drivers than they did for experienced drivers; the difference was observed for all severities 
of injury. 

Compared with experienced drivers, young drivers in small and light cars were over represented in injury 
crashes and young drivers in large, small and light cars were under represented in non-injury crashes. More 
of the injury and crash burden occurred in older vehicles for young drivers.  

 

 

 

 

 

 

 

 

                                                      
5 Except fatalities, which are slightly lower percentages for novice drivers. 
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TABLE 12  ESC SENSITIVE CRASHES AND ASSOCIATED INJURIES (2013 TO 2017) (AUSTRALIA) 
 

Driver age Groups 
 35 to 55  17 to 22 23 to 25  All ages 

Average annual counts    
 

Non-injury crashes 1,152  1,297  444           5,073  

Injury Crashes 1,955  1,863  670           7,492  

Fatal crashes 72  52  22              244  

Serious Injury Crashes 836  741  272           3,168  

Minor Injury Crashes 1,047  1,070  377           4,080  

Injuries 2,373  2,404  839           9,245  

Fatalities 77  60  24              265  

Serious Injuries 974  939  333           3,801  

Minor Injuries 1,322  1,405  482           5,179  

     
Average annual rates     
Injuries per sensitive injury crash striking vehicle (within age group) 

Injuries 1.21  1.29  1.25             1.23  

Fatalities 0.04  0.03  0.04             0.04  

Serious Injuries 0.50  0.50  0.50             0.51  

Minor Injuries 0.68  0.75  0.72             0.69  

Injuries per 100 all fleet light vehicles of injury crashes (within age group) 

Injuries 10.3 24.3 16.3 
 

Fatalities 0.3 0.6 0.5   

Serious Injuries 4.2 9.5 6.5 
 

Minor Injuries 5.7 14.2 9.4   

Injuries as a percentage of all light vehicle fleet crash injuries 
  

Injuries 4.3 4.4 1.5 
 

Fatalities 10.8 8.4 3.4   

Serious Injuries 6.5 6.2 2.2 
 

Minor Injuries 3.4 3.6 1.2 
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TABLE 13 DISTRIBUTION OF ESC SENSITIVE CRASHED VEHICLES BY MARKET GROUP  
(2013 TO 2017) (AUSTRALIA) 

 

Driver age Groups 
 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle market group 
 

Commercial - Ute 16 17 16 

Commercial - Van 2 1 2 

Large 24 24 26 

Medium 10 10 11 

People Mover 2 0.5 0.4 

Small 18 25 23 

Light 8 13 11 

SUV - Small 2 2 2 

SUV - Medium 9 4 5 

SUV - Large 9 4 5 

Percentage of non-injury crashes by vehicle market group 
 

Commercial - Ute 17 16 18 

Commercial - Van 2 1 2 

Large 25 30 28 

Medium 12 11 12 

People Mover 2 0.4 0.5 

Small 18 24 21 

Light 7 10 10 

SUV - Small 1 1 1 

SUV - Medium 9 5 4 

SUV - Large 8 3 4 
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TABLE 14 DISTRIBUTION OF ESC SENSITIVE CRASHED VEHICLES BY VEHICLE AGE  
(2013 TO 2017) (AUSTRALIA) 

 

Driver age Groups 
 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle age group 
 

Less than 3 years 8 4 7 

3 to 5 years 11 8 11 

6 to 10 years 25 25 26 

11 to 15 years 30 32 30 

16 years and over 27 31 26 

Percentage of non-injury crashes by vehicle age group 
 

Less than 3 years 9 4 8 

3 to 5 years 13 9 12 

6 to 10 years 30 29 31 

11 to 15 years 28 33 29 

16 years and over 20 25 21 
 

8.2.2 Lane Keeping sensitive striking vehicles 

In absolute terms, young driver LKAA sensitive crashes and associated injuries were approximately two-thirds 
of the experienced driver in the overall total.  Fewer injuries arose per sensitive injury crash for young drivers, 
and injuries were less severe on average than for experienced driver sensitive crashes.   

Within age group defined injury crashes, LKAA sensitive crashes contributed 60% more to the injury burden 
for young drivers than they did for experienced drivers; the difference was greatest for less serious injuries.  
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TABLE 15 LANE KEEPING SENSITIVE CRASHES AND ASSOCIATED INJURIES (2013 TO 2017) 
(AUSTRALIA) 

 

Driver age Groups 
 35 to 55  17 to 22 23 to 25  All ages 

Average annual counts    
 

Non-injury crashes 632  441  185  2,132  

Injury Crashes 1,372  988  401  4,397  

Fatal crashes 94  47  23  271  

Serious Injury Crashes 599  399  169  1,888  

Minor Injury Crashes 679  543  209  2,239  

Injuries 2,014  1,369  565  6,162  

Fatalities 108  54  26  307  

Serious Injuries 849  557  235  2,589  

Minor Injuries 1,058  758  305  3,266  

     
Average annual rates     
Injuries per sensitive injury crash striking vehicle 

  

Injuries  1.47   1.39   1.41   1.40  

Fatalities  0.08   0.06   0.06   0.07  

Serious Injuries  0.62   0.56   0.59   0.59  

Minor Injuries  0.77   0.77   0.76   0.74  

Injuries per 100 all fleet light vehicles of injury crashes 
 

 

Injuries 8.7 13.8 11.0 
 

Fatalities 0.5 0.5 0.5   

Serious Injuries 3.7 5.6 4.6 
 

Minor Injuries 4.6 7.6 5.9   

Injuries as a percentage of all light vehicle fleet crash injuries 
  

Injuries 3.7 2.5 1.0 
 

Fatalities 15.3 7.7 3.6   

Serious Injuries 5.6 3.7 1.6 
 

Minor Injuries 2.7 1.9 0.8 
  

 

Compared with experienced drivers, more of the injury burden arose from young drivers in small and light cars 
and more of the non-injury crash burden arose from young drivers in large, small and light cars.  More of the 
injury and crash burden occurred in older vehicles for young drivers.  
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TABLE 16 DISTRIBUTION OF LANE KEEPING SENSITIVE CRASHED VEHICLES BY MARKET 
GROUP (2013 TO 2017) (AUSTRALIA) 

 

Driver age Groups 
 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle market group 
 

Commercial - Ute 19 19 19 

Commercial - Van 2 1 2 

Large 22 21 23 

Medium 9 9 10 

People Mover 1 0.4 0.4 

Small 17 26 22 

Light 7 14 12 

SUV - Small 2 2 2 

SUV - Medium 10 4 5 

SUV - Large 10 4 5 

Percentage of non-injury crashes by vehicle market group 
 

Commercial - Ute 19 18 18 

Commercial - Van 2 1 2 

Large 22 24 23 

Medium 11 9 9 

People Mover 1 0.5 0.6 

Small 17 26 23 

Light 7 13 13 

SUV - Small 2 1 1 

SUV - Medium 10 4 5 

SUV - Large 10 3 4 

 

TABLE 17 DISTRIBUTION OF LANE KEEPING SENSITIVE CRASHED VEHICLES BY VEHICLE AGE  
(2013 TO 2017) (AUSTRALIA) 

 

Driver age Groups 
 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle age group 
 

Less than 3 years 11 5 8 

3 to 5 years 13 9 12 

6 to 10 years 26 25 28 

11 to 15 years 27 31 29 

16 years and over 23 30 24 

Percentage of non-injury crashes by vehicle age group 
 

Less than 3 years 12 6 9 

3 to 5 years 16 10 14 

6 to 10 years 31 31 30 

11 to 15 years 24 30 30 

16 years and over 17 22 17 
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8.2.3 AEB-Narrowly sensitive striking vehicles 

In absolute terms, young driver AEB narrowly sensitive crashes and associated injuries were approximately 
two-thirds of the experienced driver burden. Similar injury rates per sensitive injury crash were observed for 
novice and experienced drivers. Within age group defined injury crashes, AEB narrowly sensitive crashes 
contributed 46% more to the injury burden for young drivers than they did for experienced drivers; the 
difference was greatest for less serious injuries.  

 
TABLE 18 AEB NARROWLY SENSITIVE CRASHES AND ASSOCIATED INJURIES (2013 TO 2017) 

(AUSTRALIA) 
 

Driver age Groups 

 35 to 55  17 to 22 23 to 25  All ages 

Average annual counts    
 

Non-injury crashes  2,757   2,092   975   12,629  

Injury Crashes  3,347   2,058   1,045   10,945  

Fatal crashes  6   1   1   16  

Serious Injury Crashes  475   285   143   1,603  

Minor Injury Crashes  2,866   1,772   900   9,326  

Injuries  4,715   2,944   1,452   15,325  

Fatalities  6   1   1   17  

Serious Injuries  630   384   184   2,101  

Minor Injuries  4,079   2,559   1,267   13,207  

     

Average annual rates 
    

Injuries per sensitive injury crash striking vehicle 
  

Injuries  1.41   1.43   1.39   1.40  

Fatalities  0.002   0.0005   0.001   0.002  

Serious Injuries  0.19   0.19   0.18   0.19  

Minor Injuries  1.22   1.24   1.21   1.21  

Injuries per 100 all fleet light vehicles of injury crashes 
 

 

Injuries 20.4 29.7 28.2 
 

Fatalities 0.03 0.01 0.03   

Serious Injuries 2.7 3.9 3.6 
 

Minor Injuries 17.7 25.8 24.6   

Injuries as a percentage of all light vehicle fleet crash injuries 
  

Injuries 8.6 5.4 2.6 
 

Fatalities 0.8 0.1 0.2   

Serious Injuries 4.2 2.5 1.2 
 

Minor Injuries 10.5 6.6 3.2 
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Compared with experienced drivers, more of the crash and injury burden arose from young drivers in small 
and light cars.  More of the injury and crash burden occurred in older vehicles for young drivers.  

 

TABLE 19 DISTRIBUTION OF AEB NARROWLY SENSITIVE CRASHED VEHICLES BY MARKET 
GROUP (2013 TO 2017) (AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle market group 
 

Commercial - Ute 15 15 15 

Commercial - Van 4 2 3 

Large 16 15 16 

Medium 12 10 12 

People Mover 2 0.4 0.5 

Small 19 31 30 

Light 7 16 12 

SUV - Small 2 1 2 

SUV - Medium 13 6 6 

SUV - Large 9 4 4 

Percentage of non-injury crashes by vehicle market group 
 

Commercial - Ute 15 12 14 

Commercial - Van 3 2 3 

Large 17 16 17 

Medium 12 11 11 

People Mover 2 0.5 0.2 

Small 19 32 30 

Light 7 16 14 

SUV - Small 2 1 2 

SUV - Medium 13 5 6 

SUV - Large 9 4 5 
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TABLE 20 DISTRIBUTION OF AEB NARROWLY SENSITIVE CRASHED VEHICLES BY VEHICLE AGE  
(2013 TO 2017) (AUSTRALIA) 

 

Driver age Groups 
 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle age group 
 

Less than 3 years 13 8 11 

3 to 5 years 18 12 15 

6 to 10 years 30 29 31 

11 to 15 years 23 29 24 

16 years and over 16 22 19 

Percentage of non-injury crashes by vehicle age group 
 

Less than 3 years 13 7 9 

3 to 5 years 18 11 16 

6 to 10 years 31 29 30 

11 to 15 years 22 30 26 

16 years and over 15 23 19 

    

 

8.2.4 AEB-Broadly sensitive striking vehicles 

In absolute terms, young driver AEB broadly sensitive crashes and associated injuries were approximately half 
of the experienced driver burden.  Similar injury rates per sensitive injury crash were observed for novice and 
experienced drivers. 

Within age group defined injury crashes, AEB broadly sensitive crashes contributed 11% more to the injury 
burden for young drivers than they did for experienced drivers; the difference was greatest for serious injuries 
(15%).  
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TABLE 21 AEB BROADLY SENSITIVE CRASHES AND ASSOCIATED INJURIES (2013 TO 2017) 
(AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  All ages 

Average annual counts    
 

Non-injury crashes  2,339   1,193   555   8,072  

Injury Crashes  2,642   1,244   586   7,955  

Fatal crashes  66   28   13   208  

Serious Injury Crashes  806   387   175   2,465  

Minor Injury Crashes  1,770   829   398   5,282  

Injuries  4,039   1,924   902   12,168  

Fatalities  77   32   14   241  

Serious Injuries  1,196   591   263   3,690  

Minor Injuries  2,766   1,301   625   8,238  

     
Average annual rates     
Injuries per sensitive injury crash striking vehicle 

  

Injuries  1.53   1.55   1.54   1.53  

Fatalities  0.03   0.03   0.02   0.03  

Serious Injuries  0.45   0.48   0.45   0.46  

Minor Injuries  1.05   1.05   1.07   1.04  

Injuries per 100 all fleet light vehicles of injury crashes 
 

 

Injuries 17.5 19.4 17.5 
 

Fatalities 0.3 0.3 0.3   

Serious Injuries 5.2 6.0 5.1 
 

Minor Injuries 12.0 13.1 12.2   

Injuries as a percentage of all light vehicle fleet crash injuries 
  

Injuries 7.4 3.5 1.6 
 

Fatalities 10.9 4.5 2.0   

Serious Injuries 7.9 3.9 1.7 
 

Minor Injuries 7.1 3.3 1.6 
  

 

Compared with experienced drivers, more of the injury burden arose from young drivers in small and light cars 
and more of the non-injury crash burden arose from young drivers in large, small and light cars.  More of the 
injury and crash burden occurred in older vehicles for young drivers.  
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TABLE 22 DISTRIBUTION OF AEB BROADLY SENSITIVE CRASHED VEHICLES BY MARKET 
GROUP (2013 TO 2017) (AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle market group 
 

Commercial - Ute 13 12 12 

Commercial - Van 2 1 2 

Large 18 19 20 

Medium 13 12 12 

People Mover 2 0.5 0.6 

Small 21 30 29 

Light 9 16 15 

SUV - Small 2 1 2 

SUV - Medium 12 5 5 

SUV - Large 8 3 3 

Percentage of non-injury crashes by vehicle market group 
 

Commercial - Ute 13 11 11 

Commercial - Van 2 1 2 

Large 18 21 18 

Medium 13 10 12 

People Mover 2 0.6 0.5 

Small 20 33 31 

Light 8 15 14 

SUV - Small 2 2 1 

SUV - Medium 12 5 6 

SUV - Large 9 2 3 

 

TABLE 23 DISTRIBUTION OF AEB BROADLY SENSITIVE CRASHED VEHICLES BY VEHICLE AGE  
(2013 TO 2017) (AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle age group 
 

Less than 3 years 14 8 11 

3 to 5 years 17 11 15 

6 to 10 years 29 26 28 

11 to 15 years 23 29 26 

16 years and over 17 26 20 

Percentage of non-injury crashes by vehicle age group 
 

Less than 3 years 15 7 12 

3 to 5 years 19 12 17 

6 to 10 years 31 28 29 

11 to 15 years 21 29 24 

16 years and over 14 24 18 
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8.2.5 AEB-Intersection sensitive striking vehicles 

In absolute terms, young driver AEB intersection sensitive crashes and associated injuries were approximately 
half of the experienced driver burden.  Similar injury rates per sensitive injury crash were observed for novice 
and experienced drivers; serious injury rates were slightly higher for young drivers. 

Within age group defined injury crashes, AEB intersection sensitive crashes contributed 9% more to the injury 
burden for young drivers than they did for experienced drivers; the difference was greatest for serious injuries 
(13%).  

 

TABLE 24 AEB INTERSECTION SENSITIVE CRASHES AND ASSOCIATED INJURIES  
(2013 TO 2017) (AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  All ages 

Average annual counts    
 

Non-injury crashes  1,094   559   282   3,797  

Injury Crashes  1,785   825   413   5,556  

Fatal crashes  10   5   3   40  

Serious Injury Crashes  521   241   122   1,645  

Minor Injury Crashes  1,254   579   289   3,871  

Injuries  2,739   1,285   623   8,476  

Fatalities  11   5   3   44  

Serious Injuries  737   352   173   2,338  

Minor Injuries  1,992   928   447   6,094  

     
Average annual rates     
Injuries per sensitive injury crash striking vehicle 

  

Injuries  1.53   1.56   1.51   1.53  

Fatalities  0.01   0.01   0.01   0.01  

Serious Injuries  0.41   0.43   0.42   0.42  

Minor Injuries  1.12   1.12   1.08   1.10  

Injuries per 100 all fleet light vehicles of injury crashes 
 

 

Injuries 11.9 13.0 12.1 
 

Fatalities 0.05 0.05 0.06   

Serious Injuries 3.2 3.6 3.4 
 

Minor Injuries 8.6 9.4 8.7   

Injuries as a percentage of all light vehicle fleet crash injuries 
  

Injuries 5.0 2.3 1.1 
 

Fatalities 1.6 0.8 0.4   

Serious Injuries 4.9 2.3 1.1 
 

Minor Injuries 5.1 2.4 1.1 
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Compared with experienced drivers, more of the crash and injury burden arose from young drivers in small 
and light cars. More of the injury and crash burden occurred in older vehicles for young drivers.  

 

TABLE 25 DISTRIBUTION OF AEB INTERSECTION SENSITIVE CRASHED VEHICLES BY MARKET 
GROUP (2013 TO 2017) (AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle market group 
 

Commercial - Ute 10 10 10 

Commercial - Van 2 1 2 

Large 16 15 18 

Medium 15 13 13 

People Mover 3 0.9 0.5 

Small 22 32 31 

Light 9 18 16 

SUV - Small 2 2 1 

SUV - Medium 13 5 6 

SUV - Large 6 3 2 

Percentage of non-injury crashes by vehicle market group 
 

Commercial - Ute 10 9 8 

Commercial - Van 2 1 2 

Large 16 15 16 

Medium 16 13 14 

People Mover 2 0.6 0.4 

Small 21 35 34 

Light 8 18 16 

SUV - Small 2 1 1 

SUV - Medium 14 5 6 

SUV - Large 8 2 3 
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TABLE 26 DISTRIBUTION OF AEB INTERSECTION SENSITIVE CRASHED VEHICLES BY VEHICLE 
AGE (2013 TO 2017) (AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle age group 
 

Less than 3 years 15 9 11 

3 to 5 years 19 14 17 

6 to 10 years 30 28 29 

11 to 15 years 21 27 26 

16 years and over 14 21 17 

Percentage of non-injury crashes by vehicle age group 
 

Less than 3 years 15 8 9 

3 to 5 years 21 13 16 

6 to 10 years 32 30 32 

11 to 15 years 20 27 25 

16 years and over 13 22 17 

 

8.2.6 AEB-Pedestrian sensitive striking vehicles 

In absolute terms, young driver AEB pedestrian sensitive crashes and associated injuries were approximately 
a third of the experienced driver burden.  Higher fatal and serious injury rates per sensitive injury crash were 
observed for novice than for experienced drivers. 

Within age group defined injury crashes, AEB pedestrian sensitive crashes contributed 23% less to the injury 
burden for young drivers than they did for experienced drivers; the difference was greatest for less serious 
injuries.  
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TABLE 27 AEB PEDESTRIAN SENSITIVE CRASHES AND ASSOCIATED INJURIES (2013 TO 2017) 
(AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  All ages 

Average annual counts    
 

Injury Crashes  743   240   144   2,097  

Fatal crashes  29   12   6   83  

Serious Injury Crashes  359   127   75   1,016  

Minor Injury Crashes  355   101   63   998  

Injuries  804   270   158   2,302  

Fatalities  29   12   6   84  

Serious Injuries  370   134   78   1,060  

Minor Injuries  405   124   74   1,158  

     
Average annual rates     
Injuries per sensitive injury crash striking vehicle 

  

Injuries  1.08   1.13   1.10   1.10  

Fatalities  0.04   0.05   0.04   0.04  

Serious Injuries  0.50   0.56   0.54   0.51  

Minor Injuries  0.54   0.52   0.52   0.55  

Injuries per 100 all fleet light vehicles of injury crashes 
 

 

Injuries 3.5 2.7 3.1 
 

Fatalities 0.1 0.1 0.1   

Serious Injuries 1.6 1.4 1.5 
 

Minor Injuries 1.8 1.3 1.4   

Injuries as a percentage of all light vehicle fleet crash injuries 
  

Injuries 1.5 0.5 0.3 
 

Fatalities 4.1 1.8 0.9   

Serious Injuries 2.5 0.9 0.5 
 

Minor Injuries 1.0 0.3 0.2 
  

 

Compared with experienced drivers, more of the injury burden arose from young drivers in small and light 
cars. More of the injury and crash burden occurred in older vehicles for young drivers.  
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TABLE 28 DISTRIBUTION OF AEB PEDESTRIAN SENSITIVE CRASHED VEHICLES BY MARKET 
GROUP (2013 TO 2017) (AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle market group 
 

Commercial - Ute 11 9 12 

Commercial - Van 3 2 2 

Large 18 17 17 

Medium 14 13 15 

People Mover 3 0.3 0.8 

Small 21 32 29 

Light 8 17 14 

SUV - Small 2 2 3 

SUV - Medium 13 5 5 

SUV - Large 7 3 2 

 

TABLE 29 DISTRIBUTION OF AEB PEDESTRIAN SENSITIVE CRASHED VEHICLES BY VEHICLE 
AGE (2013 TO 2017) (AUSTRALIA) 

 
Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Percentage of injury crashes by vehicle age group 
 

Less than 3 years 16 11 13 

3 to 5 years 22 12 18 

6 to 10 years 30 26 29 

11 to 15 years 20 30 23 

16 years and over 12 21 16 

 

New Zealand 

Table 30 shows the estimated savings attributable to the technologies studied, both under New Zealand’s 
current fitment levels, and under a scenario of 100% fitment. The estimated savings in the row “All” is not a 
simple sum of the savings for LDW, AEB and ESC individually as there were some crash types that were 
sensitive to more than one technology. As explained above, the most effective technology for such crash types 
was assumed to prevent injuries at the rate specific to that technology, but no additional benefit was estimated 
for the technologies functioning in concert on the common sensitive crash types. 

Although the technologies clearly provide greater benefit for young drivers, particularly for fatal injuries, there 
is also considerable benefit available for non-young drivers from 100% fitment.  
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TABLE 30  ESTIMATED PROPORTIONAL SAVINGS BY INJURY SEVERITY LEVEL ATTRIBUTABLE 
TO TECHNOLOGIES UNDER CURRENT FITMENT LEVELS AND UNDER SCENARIOS OF 
100% FITMENT (NEW ZEALAND) 

 Non-Novice Novice 

Current fitment level Fatal Serious Minor Fatal Serious Minor 

LDW 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 

AEB 0.1% 0.1% 0.1% 0.0% 0.0% 0.0% 

ESC 2.0% 1.7% 1.8% 1.6% 1.6% 1.7% 

All 2.1% 1.8% 1.9% 1.7% 1.6% 1.8% 

100% fitment – additional savings     

LDW 18.3% 11.1% 8.3% 22.7% 15.7% 12.9% 

AEB 6.5% 7.4% 7.8% 6.6% 6.2% 6.7% 

ESC 7.5% 6.3% 5.9% 10.5% 11.4% 10.4% 

All 23.9% 18.4% 16.2% 28.0% 23.4% 21.1% 
 

8.3 Future safety priority areas for young drivers 

Australian crashes were projected to 2030 using the 2016 police-reported crash data.  The 2016 crash set 
contained 49,806 injury crashes with 16,397 serious and fatal injury crashes. All market group, crash type 
driver age and vehicle age distributions were maintained; only the penetration of vehicle system changed with 
each project year. Fitment of each system by vehicle year of manufacture and vehicle type was projected to 
2030, based on RedBook fitment data available in 2017. The probability of fitment for a vehicle manufactured 
between 2017 and 2030 was applied (by type) to the projected data so that the proportion of crashes expected 
to be avoided could be estimated using literature sourced system effectiveness.  Figure 23 shows the expected 
ESC, LDW and AEB light vehicle fitment rates by crash year and driver age group Table 32 shows the projected 
injury reduction potential from the projected LDW fitment. 

8.3.1 Fleet fitment of vehicle safety system  

Figure 23 depicts any type of fitment scenario for the crashed vehicle model. Fitment in this figure includes 
both the ‘all’ and the ‘some’ model variant fitment scenarios. 

Figure 23 indicates that ESC is currently fitted to about half of the light vehicle fleet if the driver is aged 35 to 
55.  However, the fitment is lagging by about 15% units in vehicle driven by young drivers.  By 2030 ESC 
penetration is expected to have saturated the market place for vehicles driven both age groups.  Vehicle fitment 
will reach 100% when all vehicles manufactured prior to the mandating of ESC have been retired.   

Current fitment of both LDW and AEB is poor for both age groups, however fitment in vehicles of drivers aged 
17 to 22 years is approximately half that of fitment in vehicles of drivers aged 35 to 55 years.  By 2030, market 
driven fitment was projected to exceed 60% for the vehicles of experienced drivers, while the projections in 
young driver vehicles were projected to lag by approximately 10% units. 

Under the scenario of market driven fitment, the potential of LDW and AEB to prevent crashes and injuries will 
not have been reached by 2030.  Mandates to include LKAA or AEB fitment in new vehicles would speed 
penetration and better enable these driver-assist systems to reach their potentials.  
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Figure 22: For each year of manufacture, estimated proportion of crashed light passenger vehicles that had ESC fitted 

(New Zealand) 

To project fitment rates of the technologies for the New Zealand fleet, first the fitment rate of ESC by vehicle 
year of manufacture was estimated (Figure 22). Then, using the existing age structure of the NZ crash fleet, it 
was assumed that ESC would penetrate into the fleet of the future according to the estimates in Figure 22. 
AEB and LDW were assumed to follow a similar pattern of uptake as shown for ESC in Figure 22, but delayed 
by 22 years. 9% of vehicles manufactured in 2022 were assumed to be fitted with AEB and LDW, the same 
proportion that were fitted with ESC in 2000 vehicles. This projection assumes that a similar level of support 
(via regulation, vehicle manufacturing incentives and consumer education) is available for AEB and LDW as 
was may have enhanced the uptake of ESC. Without this support, uptake rates will be lower, and 
corresponding benefits under the business-as-usual projection will be lower for these technologies. 

Table 31 depicts the New Zealand projected 2030 fleet technology fitment rate under a business-as-usual 
scenario described above and assuming similar age structure of crashed vehicles for the driver groups for 
2014-2018 crashes. 

 

TABLE 31 PROJECTED 2030 FITMENT RATE OF VEHICLES DRIVEN BY NOVICES AND NON-
NOVICES (NEW ZEALAND) 

 
2030 

 
Non-novice Novice 

ESC 81.5% 70.4% 

AEB/LDW 8.3% 3.9% 
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Figure 23 Projected fleet fitment by driver age group and crash year (Australia) 
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8.3.2 Projected injury reduction for LDW  

Using 2016 Australian data projected to 2017, 1.0% and 0.8% of light vehicle injury crashes (sensitive and 
non-sensitive), within the respective age groups of 35 to 55 years and 17 to 22 years, were predicted to be 
avoided by LDW fitment. The updated analysis, using 2017 data and updated fitment data (presented in section 
8.5) estimated these proportions to be 1.1% and 0.4% respectively.  The difference in the projected figures 
form the previous study and actual proportions found in this study can be explained by lower technology fitment 
to young driver vehicles that forecast and by differences in the proportions of sensitive crashes.  The within 
age group, LDW fleet effectiveness on all injury crashes is currently more than double that for experienced 
drivers. 

By 2030, market driven penetration of LDW was projected to allow the avoidance of 3.9% of injury crashes 
within the group of light vehicles driven by experienced persons.  For young drivers, the projected injury crash 
savings was higher at 4.2%. Lane keeping crash types were shown to make up a greater proportion of injury 
crashes for young drivers (Table 15, Figure 17), so with increased LDW fitment, projected 2030 injury crash 
reductions for novices were predicted? to exceed that for experience drivers, despite the fitment lag observed 
for young driver vehicles. 

The projected 2030 injury crash reductions still fall short of the potential achievable with 100% LDW fitment 
(also described in full in section 8.5). One hundred percent fitment was estimated to mitigate 5.6% of the injury 
crashes of experienced drivers and 6.5% of the injury crashes of young drivers. 

 

TABLE 32 2017 & 2030 PROJECTED INJURY CRASH REDUCTION FOR LDW BY CRASH SEVERITY 
AND DRIVER AGE GROUP (AUSTRALIA) 

 % crash reduction of severity type and age group 

  
Fatal and Serious 

projection 
Injury projection 

2017 injury crash data 
potential  

(100% fitment) 

  2017 2030 2017 2030  

LDW 

35 to 55  1.4  6.0   1.0   3.9  5.6 

17 to 22  1.0   6.4   0.8   4.2  6.5 

23 to 25  1.3   6.0   0.8   3.4  5.6 

       

8.4 Relative risk estimates 

There were insufficient crashes in NZ to estimate relative risks, so this section just reports on analysis of 
Australian data. 

8.4.1 Lane Keeping systems  

Proportionally few crashed models had all variants fitted with lane keeping systems.  Because of this, the 
Australian results presented were produced from models which combined the all and some variant fitment 
categories. Using a binary form of fitment also allowed LKAA systems to be included such that any lane 
keeping system was modelled.  In reality only a very small proportion of lane keeping systems within fitted 
vehicles were LKAA, so the relative risks estimated were essentially those of LDW.   

The models using three driver age categories did not produce any risks significantly different from the reference 
group for drivers aged 23 to 25, so results have only been presented for the relationship of young drivers aged 
17 to 22 years relative to the reference group. However, results have been presented using two different driver 
age reference groups: one using only drivers aged 35 to 55 years and one using all other drivers (aged over 
22 years).  Comparisons with every other vehicle do not compare novice and experienced drivers and caution 
must be observed in interpretation because the relative risk for this comparison is likely to have been influenced 
by the proportions of sensitive crashes involving older drivers, and involving inexperienced young drivers aged 
between 23 and 35.  Without a concurrent significant result using the 35 to 55 years comparison group, a 
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significant difference observed when young drivers are compared with every other driver cannot be assumed 
to mean that the system is more or less effective for young drivers.   

Effectiveness from literature was available for two levels of crash severity: injury and non-injury. 

Table 33 presents results at only these two severity levels; results were only statistically significant at the 
vehicle level.   However, both PDO and injury crash estimates show a trend of increasing relative risks with 
increasing vehicle aggressivity.  Although these estimates are largely not statistically significant, a test for 
homogeneity indicated that the relative risk was not homogenous by vehicle types (p =0.03) which suggests 
that lane keeping systems (which were essentially LDW) may not be as effective for young drivers in more 
aggressive vehicles. 

No difference in effectiveness by experience was observed for property damage only crashes.  Sports utility 
vehicle and commercial vehicle groups were poorly populated and their relative risk estimates for PDO crashes 
were associated with poor precision as evidenced by wide confidence intervals, so these estimates were not 
considered reliable.  Injury crashes were generally better populated than PDO crashes because they were 
based on data from all five jurisdictions, and because the sensitive crashes were more likely to involve injury.  
This meant that estimates for the relative risk of an injury crash involving SUVs were associated with greater 
precision than for the same risks associated with PDO crashes. This was evidenced by more reasonable 
confidence intervals for injury crash results for the less populated vehicle groups.   

 

TABLE 33 RELATIVE RISKS FOR YOUNG DRIVERS RELATIVE TO REFERENCE GROUP – LANE 
KEEPING (AUSTRALIA) 

Reference 35 to 55 years All other ages 

Property damage only crashes 

All vehicle 1.20 (0.44 to 3.22), p=0.72 1.26 (0.42 to 3.76), p=0.68 

Small cars 0.31 (0.09 to 1.12), p=0.07 0.48 (0.14 to 1.61), p=0.23 

Large Cars 1.24 (0.33 to 4.67), p=0.75 1.35 (0.38 to 4.82), p=0.64 

SUV 1.60 (0.51 to 5.05), p=0.42 1.28 (0.43 to 3.83), p=0.66 

Commercial 14.84 (1.67 to 132), p=0.02 7.03 (1.93 to 25.7), p=0.003 

Injury Crashes 

All vehicle 1.36 (0.60 to 3.09), p=0.47 1.43 (0.70 to 2.92), p=0.32 

Small cars 0.70 (0.34 to 1.47), p=0.35 0.82 (0.42 to 1.60), p=0.57 

Large Cars 0.87 (0.36 to 2.09), p=0.75 1.22 (0.53 to 2.78), p=0.64 

SUV 3.62 (1.36 to 9.65), p=0.01 3.15 (1.22 to 8.19), p=0.02 

Commercial 17.23 (2.04 to 146), p=0.01 3.98 (1.37 to 11.5), p=0.01 

 

This analysis evaluated the effects of driver experience on LDW sensitive crashes in vehicles fitted with and 
without LDW.  LDW is not an active assist system, so the analysis is likely to be influenced by both driver 
response and driver compliance.  Experience related differences in hazard responses, as well as experience 
related driver behaviour prior to a crash can make LDW less effective and LKAA more effective for young 
drivers (section 7.5).  Therefore, it was not surprising that this analysis presents some evidence to indicate 
that LDW offers less benefit to young drivers in commercial and SUV vehicles.  The injury crash risk may be 
more than three times higher for young drivers in fitted SUVs and fitted commercial vehicles.  Trends in 
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estimates, pointed towards LDW being more effective for novice than experienced drivers when driving less 
aggressive vehicles. 

This result may also indicate that LKAA will be more effective for young drivers than for experienced drivers.  
To gain better insight on experience related effectiveness, it would be beneficial to repeat this analysis when 
both LDW and LKAA have better penetrated the Australian marketplace.  Future studies may have the power 
to evaluate the real-world effectiveness of LKAA in Australia. 

If the better evidenced results are considered, LDW becomes ineffective for young drivers of SUVs and light 
commercial vehicles involved in injury crashes. The proportions of young drivers in all light vehicles involved 
in sensitive crashes and amongst only fitted vehicles in sensitive crashes over 2013 to 2017 are presented in 
Table 34.   The adjusted proportions reduced for young drivers (Table 34), were found by substituting these 
proportions, the relative risks in the tables above, and LDW effectiveness by vehicle type, into Equation 8. 

 

TABLE 34 ADJUSTED PROPORTIONS FOR YOUNG DRIVER INJURY LANE KEEPING SENSITIVE 
CRASH REDUCTIONS (AUSTRALIA) 

 
Effectiveness Novice RR 

(Z) 
Current fitment 100% fitment 

   Pnovice PRnovice Pnovice PRnovice 

SUV 0.53 (0.11,) 3.15 0.03947* 0 0.12071 0 

Commercials 0.53 (0.11,) 3.98 0.05882* 0 0.22363 0 

*proportion of young drivers in all fitted injury crash vehicles of type (not just sensitive injury crash) 

8.4.2 ESC 

In contrast to LDW fitment, most fitted crashed models had all model variants fitted with ESC system.  This left 
the ‘some model variant fitment’ group so sparsely populated that many of the vehicle types could not be 
analysed at three fitment levels.  Furthermore, the results estimated for all fitment were very similar to those 
for any fitment (using the binary fitment variable).  For these reasons, the results presented here are also from 
regression analysis of models using fitment with only two levels:   all or some model variant fitment, and models 
with no fitment. 

The ESC regression analyses were also problematic because of high levels of fitment.  This often prevented 
the comparison of injuries and crashes from fitted and not fitted vehicles in stratified data, so that the risk 
associated with fitment could not be calculated.  Using binary fitment levels did not overcome this problem, 
however this problem did exacerbate the issues with estimating the risk associated with the ‘some model 
variant fitment’ groups. 

As with the lane keeping analysis, the models using three driver age categories did not produce any risks 
significantly different from the reference group for drivers aged 23 to 25, so results only have been presented 
for the relationship of young drivers aged 17 to 22 years relative to the reference group. However, results have 
also been presented using two different reference driver age groups: one using only drivers aged 35 to 55 
years and one using all other drivers (aged over 22 years).  Comparisons with every other vehicle do not 
compare novice and experienced drivers and caution must be observed in interpretation because the relative 
risk for this comparison is likely to have been influenced by the proportions of sensitive crashes involving older 
drivers, and involving inexperienced young drivers aged between 23 and 35.  Without a concurrent significant 
result using the 35 to 55 years comparison group, a significant difference observed when young drivers are 
compared with every other driver cannot be assumed to mean that the system is more or less effective for 
young drivers.   

Effectiveness from literature was available for two levels of crash severity: injury and non-injury (Table 7). 
Table 35 presents results at only these two severity levels; results were only statistically significant when the 
comparison group was every other vehicle and the crash involved injury.  The effectiveness of ESC at reducing 
the risk of ESC sensitive crashes was not found to differ by experience.  Furthermore, the relative risk was 
found to be homogenous across vehicle types (p >0.4).  The evidence of a driver experience related difference 
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in ESC effectiveness was poor, so unadjusted literature sourced ESC effectiveness was used for estimating 
crash savings for both the novice and other driver groups. 

 

TABLE 35 RELATIVE RISKS FOR YOUNG DRIVERS RELATIVE TO REFERENCE GROUP – ESC 
(AUSTRALIA) 

Reference 35 to 55 years All other ages 

Property damage only crashes 

All vehicle 0.69 (0.35 to 1.35), p=0.28 0.78 (0.44 to 1.37), p=0.39 

Small cars 0.46 (0.08 to 2.59), p=0.38 0.57 (0.18 to 1.85), p=0.35 

Large Cars Not available 

SUV 0.58 (0.05 to 6.63), p=0.66 0.80 (0.09 to 6.75), p=0.84 

Commercial 0.71 (0.33 to 1.60), p=0.40 0.82 (0.42 to 1.60), p=0.57 

Injury Crashes 

All vehicle 1.73 (0.94 to 3.17), p=0.08 1.87 (1.07 to 3.25), p=0.03 

Small cars 3.58 (0.76 to 16.8), p=0.11 1.69 (0.38 to 7.46), p=0.49 

Large Cars 0.33 (0.02 to 5.36), p=0.43 0.24 (0.02 to 2.70), p=0.25 

SUV 0.35 (0.03 to 3.97), p=0.40 0.84 (0.10 to 6.76), p=0.87 

Commercial 1.75 (0.86 to 3.56), p=0.12 2.18 (1.15 to 4.13), p=0.02 

 

8.4.3 AEB  

For the most part AEB was also not found to be associated with any experience related differences in 
effectiveness, when evaluated within sensitive crashes. Analysis using three levels of fitment was possible, 
however, analysis using three levels of fitment all, some and none) revealed no information that could not be 
divulged from the analyses at two fitment levels (any and none). Regression coefficients associated with all 
variant fitment were generally not significant and regression coefficients associated with some variant fitment 
were similar in magnitude and significance as coefficients obtained in the regression using two levels of fitment.  
So, in the interests of parsimony, only results for the two fitment level analyses have been presented. 

As with the lane keeping and ESC analyses, the models using three driver age categories did not produce any 
risks significantly different from the reference group for drivers aged 23 to 25, so results only have been 
presented for the relationship of young driver’s age 17 to 22 years relative to the reference group. However, 
results have also been presented using two different reference driver age groups: one using only driver’s age 
35 to 55 years and one using all other drivers (aged over 22 years or with a missing driver age). 

There was no fitment of AEB in light commercial vehicles driven by young drivers, so analyses by vehicle were 
only available for three vehicle groups.  

Regression analyses showed no evidence of an association between driver experience and AEB effectiveness 
on broadly sensitive crashes.  Results have only been presented for the association between driver experience 
and AEB effectiveness on narrowly sensitive crashes and for the association between driver experience and 
AEB effectiveness on intersections sensitive crashes.  Because general AEB systems were not found to be 
effective on pedestrian sensitive crashes, regression analyses were not performed on pedestrian sensitive 
crashes. 

Effectiveness of AEB on sensitive crashes was available (from literature) for property damage crash avoidance 
and for injury mitigation. Table 36 and Table 39 present results by similar categories for fatal and serious 
injuries, minor injuries and for property damage only crashes. 

This analysis presents some evidence to indicate that AEB offers greater benefit to young drivers.  It was 
proposed that when a greater effectiveness is observed for young drivers it is because within the sensitive 
crash set there is a greater proportion of crashes where the diver assist system is efficacious or more 
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efficacious.  This can be due to differences in the events prior to engagement of the driver-assist system. For 
example, research has shown that young drivers display poorer skills at scanning and avoiding hazards and 
this developing skill could more often put young drivers in situations where AEB engages, and hence lead to 
greater AEB effectiveness.  In the situation of narrowly sensitive crashes young driver distraction is also likely 
to be a key factor in influencing experience related effectiveness.  

8.4.3.1 Narrow sensitivity to AEB  

Regression results were significant for narrowly sensitive property damage only crashes. By vehicle, significant 
results were observed only for small cars, although there was very weak evidence of greater narrowly sensitive 
crash risk reductions associated with AEB for young drivers in large cars.   The narrowly sensitive PDO crash 
risk reduction associated with AEB was estimated to be 40% lower for young drivers than for drivers aged 35 
to 55 years.  If the vehicle was a small SUV, small car or light car, the risk was found to be 55% lower, and if 
the vehicle was a people mover, large car or medium car, the risk was estimated at 72% lower. No statistically 
significant differences in AEB effectiveness on narrowly sensitive crashes were found to be associated with 
driver age for specific vehicle types other than small light vehicles.  

Regression results were also significant for the overall narrowly sensitive fatal and serious injury risk but not 
for minor injury risk.  This is possibly due to driver experience related differences in minor injury reductions 
being cancelled out by the minor injuries produced from fatal and serious injury mitigation. The narrowly 
sensitive crash fatal and serious injury risk reduction associated with AEB, was estimated to be 60% lower for 
young drivers than for drivers aged 35 to 55 years.  There was no statistically significant evidence of 
heterogeneity in the injury risk effects by vehicle. 

The proportions of young drivers in all light vehicles involved in narrowly sensitive PDO crashes and amongst 
only fitted vehicles in narrowly sensitive crashes over 2013 to 2017 are presented in Table 37.  Table 38 
presents the proportions of all fatal and serious injuries from narrowly sensitive crashes that arose from crashes 
involving young drivers. The adjusted proportions reduced for young drivers (Table 37), were found by 
substituting these proportions, the relative risks of Table 36, and the AEB effectiveness of Table 6, into 
Equation 8. 
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TABLE 36 RELATIVE RISKS FOR YOUNG DRIVERS RELATIVE TO REFERENCE GROUP – 
NARROWLY SENSITIVE AEB (AUSTRALIA) 

Reference 35 to 55 years All other ages 

Property damage only crashes 

All vehicle 0.60 (0.41 to 0.88), p=0.01 0.52 (0.37 to 0.74), p=0.0003 

Small cars 0.45 (0.27 to 0.77), p=0.003 0.42 (0.27 to 0.67), p=0.0003 

Large Cars 0.28 (0.07 to 1.22), p=0.09 0.27 (0.06 to 1.13), p=0.07 

SUV 1.25 (0.66 to 2.37), p=0.48 1.02 (0.55 to 1.87), p=0.96 

Minor Injuries 

All vehicle 0.99 (0.77 to 1.27), p=0.93 1.00 (0.79 to 1.26), p=1.00 

Small cars 0.82 (0.57 to 1.17), p=0.28 0.89 (0.65 to 1.22), p=0.47 

Large Cars 1.36 (0.77 to 2.42), p=0.29 1.43 (0.83 to 2.48), p=0.20 

SUV 1.17 (0.73 to 1.87), p=0.52 1.08 (0.68 to 1.70), p=0.75 

Fatal and Serious Injuries 

All vehicle 0.40 (0.18 to 0.89), p=0.02 0.49 (0.23 to 1.04), p=0.06 

Small cars 0.47 (0.18 to 1.23), p=0.12 0.59 (0.24 to 1.43), p=0.24 

Large Cars 0.84 (0.09 to 8.15), p=0.88 0.93 (0.10 to 8.41), p=0.95 

SUV 0.18 (0.02 to 1.46), p=0.11 0.18 (0.02 to 1.43), p=0.11 

 

TABLE 37 ADJUSTED PROPORTIONS FOR YOUNG DRIVER PDO AEB NARROWLY SENSITIVE 
CRASH REDUCTIONS (AUSTRALIA) 

 
Effectiveness Novice 

RR (Z) 
Current fitment 100% fitment 

   Pnovice PRnovice Pnovice PRnovice 

All vehicle All:0.46 (0.18, 0.65) 0.52   0.1656 0.6949 

 Some:0.21 (0.13, 0.29) 0.52 0.0427 0.5809   

small All:0.46 (0.18, 0.65) 0.42   0.2239 0.7394 

 Some:0.21 (0.13, 0.29) 0.42 0.0473 0.6588   

 

TABLE 38 ADJUSTED PROPORTIONS FOR YOUNG DRIVER FATAL AND SERIOUS INJURIES 
REDUCTIONS ASSOCIATED WITH AEB NARROWLY SENSITIVE CRASHES (AUSTRALIA) 

 
Effectiveness Novice 

RR (Z) 
Current fitment 100% fitment 

   Pnovice PRnovice Pnovice PRnovice 

All vehicle 0.27 (0.08, 0.42)  0.49 0.0618 0.6307 0.1880 0.6044 

 



 

MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE | 60 
 

8.4.3.2 Intersection sensitivity to AEB  

Regression results were also significant for intersection sensitive property damage only crashes. By vehicle, 
significant results were observed only for small cars.   The intersection sensitive PDO crash risk reduction 
associated with AEB was estimated to be 48% lower for young drivers than for drivers aged 35 to 55 years.  If 
the vehicle was a small SUV, small car or light car, the risk was found to be 59% lower.  

Regression results were also significant for the overall narrowly sensitive minor injury risk, and for both the 
minor and the fatal and serious injury risks associated with small vehicles.  The intersection sensitive crash 
fatal and serious injury risk reduction associated with AEB in small cars was estimated to be 52% lower for 
young drivers than for drivers aged 35 to 55 years. The intersection sensitive crash minor injury risk reduction 
associated with AEB in all vehicles was estimated to be 21% lower for young drivers than for drivers aged 35 
to 55 years; in small cars it was estimated to be 37% lower.  

No statistically significant differences in AEB effectiveness on intersection sensitive crashes were found to be 
associated with driver age for specific vehicle types other than small light vehicles. 

 

TABLE 39 RELATIVE RISKS FOR YOUNG DRIVERS RELATIVE TO REFERENCE GROUP – 
INTERSECTION SENSITIVE AEB (AUSTRALIA) 

Reference 35 to 55 years All other ages 

Property damage only crashes 

All vehicle 0.52 (0.33 to 0.82), p=0.01 0.56 (0.37 to 0.86), p=0.01 

Small cars 0.41 (0.22 to 0.76), p=0.005 0.49 (0.28 to 0.86), p=0.01 

Large Cars 0.61 (0.24 to 1.56), p=0.30 0.62 (0.25 to 1.53), p=0.30 

SUV 0.94 (0.36 to 2.49), p=0.91 0.79 (0.31 to 2.05), p=0.63 

Minor Injuries 

All vehicle 0.79 (0.59 to 1.05), p=0.10 0.78 (0.60 to 1.02), p=0.07 

Small cars 0.63 (0.43 to 0.92), p=0.02 0.65 (0.46 to 0.92), p=0.02 

Large Cars 0.78 (0.42 to 1.48), p=0.45 0.94 (0.51 to 1.73), p=0.84 

SUV 1.41 (0.77 to 2.59), p=0.26 1.21 (0.67 to 2.19), p=0.52 

Fatal and Serious Injuries 

All vehicle 0.81 (0.48 to 1.37), p=0.43 0.91 (0.56 to 1.48), p=0.70 

Small cars 0.48 (0.23 to 0.99), p=0.047 0.69 (0.35 to 1.36), p=0.28 

Large Cars 1.25 (0.44 to 3.50), p=0.68 1.36 (0.50 to 3.70), p=0.55 

SUV 1.99 (0.63 to 6.25), p=0.24 1.32 (0.43 to 4.01), p=0.63 

 

Table 40 presents the proportions of all fatal and serious injuries from intersection sensitive crashes that arose 
from crashes involving young drivers. The adjusted proportions reduced for young drivers (Table 40), were 
found by substituting these proportions, the relative risks of Table 39, and the AEB effectiveness of Table 6, 
into Equation 8. 

Even though experience related differences in effectiveness were found, overall, no statistically significant 
effectiveness of AEB on intersection sensitive crashes has been found to be associated with minor injuries nor 
PDO crashes using Australian crash data. 
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TABLE 40 ADJUSTED PROPORTIONS FOR YOUNG DRIVER FATAL AND SERIOUS INJURIES 
REDUCTIONS ASSOCIATED WITH AEB INTERSECTION SENSITIVE CRASHES 
(AUSTRALIA) 

 
Effectiveness Novice 

RR (Z) 
Current fitment 100% fitment 

   Pnovice PRnovice Pnovice PRnovice 

Small cars 0.23 (0.09, 0.35)  0.48 0.1089 0.6082 0.1859 0.5909 

 

8.4.4 Combined ESC, LDW and AEB effect on all crashes 

Regression analyses showed no evidence of an association between driver experience and combined AEB, 
ESC and LDW effectiveness on crashes or crash injuries of any sensitivity.   

8.5 Overall injuries and crashes saved 

The Australian annual average crash counts by driver age group and crash severity were calculated over the 
five-year period: 2013 to 2017.  The savings are considered additive because they arise from either different 
sensitive crash types of from targeting a different pre-crash event.  For example, ESC and LDW both target 
off-path crashes, but ESC targets a loss of control prior to the crash, whereas LDW targets a lane-drift. These 
crashes were made up from vehicles unrestricted by year of manufacture and model coding.  Results are 
shown for two crash severity levels and three driver age groups.  To enable all driver age groups and vehicle 
types to be considered, crash totals were counted at the vehicle level so that within each category a crash was 
only counted once, but if it involved drivers from different groups, it was counted in all involved age groups.  
These totals are presented Table 41 in the blue band at the top of each severity section. 

This table presents the total crash savings under current fitment of AEB, ESC and LDW and under the scenario 
of 100% fitment.  The bracketed 95% confidence intervals are derived from the confidence associated with the 
effectiveness estimates. These overall savings are calculated only from applying the effectiveness ratings of 
section 3 to the sensitive crashes with striking vehicles driven by the novice or experience drivers.  They do 
not consider the possibly greater AEB effectiveness available to Young drivers discussed and presented in 
section 8.4, nor the possible greater effectiveness achievable through future developments in technology.  
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TABLE 41 AVERAGE ANNUAL CRASH SAVINGS (2013-2017) – ALL (AUSTRALIA) 

 Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Non-injury crashes 17,794  8,792  4,352 

Under current fitment    
crashes saved 369 

(260, 500) 
242 

(189, 304) 
105 

(80, 135) 

% of all 2 3 2 

With 100% fitment 
   

crashes saved 2,130  
(1,030, 2,970) 

1,619  
(829, 2,215) 

707 
 (347, 977) 

Additional potential  1761 1,377 602 

Additional % 10 15 14 

Injury Crashes6 23,090  9,912  5,140  

Under current fitment 
   

crashes saved 827 
(428, 3419) 

456 
(269, 1114) 

211 
(119, 654) 

% 3 4 4 

With 100% fitment 
   

crashes saved 2849 
(1364, 4209) 

1938 
 (976, 2814) 

829 
(412, 1208) 

Additional potential  2022 1483 618 

Additional % 8 14 12 

 

Table 41 also presents the savings as a proportion of the theoretical total for a given severity and age group, 
where the theoretical total is the sum of the observed records and the estimated savings.  In relative terms, 
the proportions of both PDO and injury crashes estimated to be saved under current fitment are similar. 

The additional savings possible under the 100% fitment scenario are presented, both in absolute terms, and 
as a proportion of the total crashes.  It may be seen that a further 15% of property damage only, and a further 
14% of injury crashes, may be prevented with additional fitment to young driver vehicles.  In relative terms, the 
additional benefits from 100% fitment to experienced driver vehicles is two-thirds less for PDO crashes and 
almost half for injury crashes.  This is clear evidence that there are greater proportional benefits available to 
young drivers from the fitment of ESC, LDW and AEB than there are for more experienced drivers. 

In terms of total injury burden, the benefits are obviously greater for the experienced group which is much 
larger and have many more injury crashes than novices.  This is also clear when the value of the savings is 
examined (Table 42). 

 

 

 

 

 

 

 

 

                                                      
6 *AEB injury crash savings were estimated from injury savings. 
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TABLE 42 2020 VALUE OF AVERAGE ANNUAL CRASH SAVINGS (2013-2017) IN MILLIONS 
(AUSTRALIA) 

 Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Non-injury crashes    

Under current fitment $5 ($3, $7) $3 ($2, $4) $1 ($1, $2) 

Additional potential with 100% fitment $23 $18 $8 

    

Injury Crashes*    

Under current fitment $124 ($64, $514) $69 ($41, $168) $32 ($18, $98) 

Additional potential with 100% fitment $304 $223 $93 

 

The New Zealand annual average crash savings by driver type were calculated based on the annual rate of 
injuries over the period 2014 to 2018 and are depicted in Table 45. 

 

TABLE 43 ESTIMATED ANNUAL SOCIAL COST SAVINGS ($NZ MILLIONS) ATTRIBUTABLE TO 
TECHNOLOGIES UNDER CURRENT FITMENT LEVELS AND UNDER SCENARIOS OF 
100% FITMENT (NEW ZEALAND) 

Current fitment level Non-novice Novice 
LDW  1.6   0.2  

AEB  1.1   0.1  

ESC  38.0   8.6  

All  40.2   8.8  

100% fitment – additional savings 
LDW 294.1 100.4 

AEB 140.5 34.3 

ESC 139.1 57.9 

All 425.7 135.3 

 

Figure 24 summarises the Australian young driver savings by vehicle safety system.  Currently ESC has by 
far prevented the greatest amount of crashes, however the future potential of ESC is less than that of AEB in 
terms of property damage only crashes.  Lane departure warning systems are not expected to contribute 
significantly toward PDO crashes, however, future contributions to injury crash avoidance is of similar 
magnitude as the future contributions of AEB and ESC. The relative differences between current and 
potential savings for LDW and AEB clearly demonstrate the current under-utilization of these driver-assist 
systems in reducing road trauma. 
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Figure 24 Point estimates of crash savings for young drivers under current and 100% fitment scenarios in the 
Australian fleet 

 
The remainder of tables within this section display crash and injury savings for crashes sensitive only to as 
specific system which is either ESC, AEB or LDW.  Estimates of savings were made separately for the three 
crash sensitivities to AEB:  narrowly sensitive (rear-end) crashes, intersection sensitive crashes and broadly 
sensitive crashed.  They were then summed over all three sensitivities in the table presented.  Autonomous 
Emergency Braking is not as effective on the large groups of broadly and intersection sensitive crashes, so 
crash savings relative to all AEB sensitive crashes will be lower than for just narrowly sensitive crashes.  For 
all sets of sensitive crashes, PDO and injury crashes have been tabled. However, for AEB sensitive crashes, 
tables of crash injury savings have also been presented.  This is because AEB effectiveness was applied to 
crash injuries; Injury crash savings were then estimated by dividing by the average rates of injuries per injury 
crash for each driver age group.   This was 1.4 for narrowly sensitive crashes and 1.5 broadly sensitive and 
intersection sensitive crashes. 

Savings of vehicle safety system sensitive crashes have also been presented as a proportion of all injury 
crashes of the same severity and driver age group. Otherwise results for each set of vehicle safety system 
have been presented in the same manner as that in Table 41. 
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TABLE 44 AVERAGE ANNUAL CRASH SAVINGS (2013-2017) - ESC FITMENT TO SENSITIVE 
CRASHES (AUSTRALIA) 

 Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Non-injury crashes 1152 1297 444 

Under current fitment    

crashes saved 265 (214, 322) 222 (179, 269) 89 (72, 108) 

% 19 15 17 

With 100% fitment    

crashes saved 383 (326, 439) 410 (349, 471) 144 (123, 165) 

Additional potential  117 188 55 

Additional % 8 12 10 

Injury Crashes 1955 1863 670 

Under current fitment    

crashes saved 573 (363, 778) 405 (257, 551) 171 (109, 233) 

% 23 18 20 

With 100% fitment    

crashes saved 809 (581, 986) 726 (522, 885) 269 (194, 328) 

Additional potential  236 321 98 

Additional % 9 14 12 

 

TABLE 45 ESC SAVINGS AND SENSITIVITY RELATIVE TO ALL FLEET INJURY CRASHES OF AGE 
GROUP – ANNUAL AVERAGE (2013-2017) (AUSTRALIA) 

 Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Injury Crashes    
 

crash reduction potential (100% 
fitment) 6.3 8.0 6.3 

    

crash reduction currently 4.5 4.5 4.0 

    

proportion sensitive of injury crashes 15 21 16 

 

Electronic Stability Control was shown to have a greater relative potential for crash reduction. Within the 
sensitive crash set, the additional young driver savings potential was greater than for experienced drivers in 
absolute terms and in relative terms. The relative additional potential was 50% greater for both PDO and injury 
crashes.  This was due to the combined effects of larger proportions of young drivers in older vehicles which 
preclude the ESC mandates and the larger proportions of ESC sensitive crashes in the young driver group. 
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TABLE 46 AVERAGE ANNUAL CRASH SAVINGS (2013-2017) - LDW FITMENT TO SENSITIVE 
CRASHES (AUSTRALIA) 

 Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Non-injury crashes 632 441 185 

Under current fitment    

crashes saved 7 (1, 15) 2 (0, 3) 1 (0, 2) 

% 1 0 1 

With 100% fitment 

   

crashes saved 70 (6, 128) 49 (4, 88) 20 (2, 37) 

Additional potential  64 47 19 

Additional % 10 11 10 

Injury Crashes 1372 988 401 

Under current fitment 

   

crashes saved 146 (16,) 32 (3,) 23 (3,) 

% 10 3 6 

With 100% fitment 

   

crashes saved 804 (167,) 541 (112,) 225 (47,) 

    

Additional potential  658 509 201 

Additional % 43 50 47 

 
   

 

TABLE 47 LDW SAVINGS AND SENSITIVITY RELATIVE TO ALL FLEET INJURY CRASHES OF AGE 
GROUP – ANNUAL AVERAGE (2013-2017) (AUSTRALIA) 

 Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Injury Crashes    
 

crash reduction potential (100% 
fitment) 

5.9 6.6 5.8 

    

crash reduction currently 1.1 0.4 0.6 

    

proportion sensitive of injury crashes 10 12 10 

 

The savings potential for LDW was never greater in absolute terms for young drivers, however, in relative 
terms, a greater potential at injury crash reduction was observed, the cause of which may be attributed to 
similar factors as for ESC young driver benefits.  It must be noted that these savings are associated with LDW 
and not LKAA and that LDW is not an automated response.  Lane Departure Warning systems do not offer 
automated driver-assist in terms of steering corrections and braking.  Lane Departure Warning systems rely 
on a driver response to a warning and it was argued (section 1 and section 7.5 ) that LKAA systems were likely 
to be more effective and offer greater benefits to novice than to experienced drivers.  For the same reasons, 
it was also argued that LDW was likely to be less effective for young drivers.  Lane Departure Warning systems 
were found to be less effective for young drivers in the more aggressive vehicle types (section 8.4). Assuming 
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that the 2017 young driver vehicle technology fitment rates by market group may be applied, two of the saved 
young driver injury crashes were estimated to arise from commercial vehicles and five from SUV vehicles. 
Under the 100% fitment scenario, 106 of the saved young driver injury crashes are estimated to arise from 
commercial vehicles and 47 from SUV vehicles.  When the experience related LDW disbenefit is applied to 
this analysis, 153 fewer novice injury crashes were estimated under the 100% fitment scenario. 

In this analysis, LDW can be considered to indicate the potential of LKAA to reduce crashes and mitigate 
injuries. In using LDW based effectiveness estimates, this analysis is likely to be under-estimating the potential 
of LKAA. Furthermore, LKAA is likely to have greater effectiveness for young drivers. Consequently, the 
savings totals presented in Table 46 are likely to be conservative.   

Autonomous Emergency Braking was shown to have a greater relative potential for PDO and injury crash 
reduction.   Within the sensitive crash sets, the additional young driver savings potential was greater than for 
experienced drivers in relative terms only. The relative additional potential was not as great for AEB as it was 
for ESC which is likely due to the lesser representation of sensitive crashes in the young driver age group 
(Table 49). 

 

TABLE 48 AVERAGE ANNUAL CRASH SAVINGS (2013-2017) – AEB (CURRENT SYSTEM) FITMENT 
TO SENSITIVE CRASHES (NOT PEDESTRIAN) (AUSTRALIA) 

 Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Non-injury crashes 6190 3843 1812 

Under current fitment    
crashes saved 96  

(46, 163) 
19  

(10, 31) 
15  

(8, 24) 

% 1.5 0.5 0.8 

With 100% fitment 

   

crashes saved 1,677  
(698, 2,403) 

1,160  
(475, 1,656) 

543  
(222, 775) 

Additional potential  1581 1141 528 

Additional % 25 30 29 

Injury Crashes 5989 3302 1631 

Under current fitment 

   

crashes saved 108  
(48, 176) 

19  
(9, 30) 

16  
(7, 26) 

% 1.8 0.6 1.0 

With 100% fitment 

   

crashes saved 1,236  
(616, 1,782) 

672  
(342, 961) 

335  
(172, 477) 

Additional potential  1,128 653 319 

Additional % 18 20 19 

2017 fleet injury crash reduction 
potential 

9.7 7.4 7.8 
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TABLE 49 AEB SAVINGS AND SENSITIVITY RELATIVE TO ALL FLEET INJURY CRASHES OF AGE 
GROUP – ANNUAL AVERAGE (2013-2017) (AUSTRALIA) 

 Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Injury Crashes  

   
 

crash reduction potential (100% 
fitment) 

9.7 7.4 7.8 

    

crash reduction currently 0.4 0.1 0.2 

    

proportion sensitive of injury crashes 47 37 38 

 

TABLE 50 AVERAGE ANNUAL INJURY SAVINGS (2013-2017) - AEB (CURRENT SYSTEM) FITMENT 
(AUSTRALIA) 

 Driver age Groups 

 35 to 55  17 to 22 23 to 25  

Fatal & Serious Injuries 1910 1008 462 

Under current fitment    
crashes saved 52 

(13, 97) 
9  

(2, 16) 
7  

(2, 13) 

% 2.6 0.8 1.5 

With 100% fitment 

   

crashes saved 572  
(173, 903) 

294  
(88, 464) 

139  
(42, 219) 

Additional potential  520 285 132 

Additional % 27 28 28 

Minor Injuries 6845 3860 1892 

Under current fitment 

   

crashes saved 106 
(57, 160) 

19  
(10, 29) 

16  
(9, 24) 

% 1.5 0.5 0.8 

With 100% fitment 

   

crashes saved 1,237 
 (722, 1,710) 

698  
(413, 957) 

344  
(204, 471) 

Additional potential  1,130 679 327 

Additional % 16 17 17 

 

Through regression analysis (section 8.4.3), AEB fitment was found to be more effective in mitigating fatal 
and serious injuries from intersection sensitive crashes involving small and light vehicles and from narrowly 
sensitive crashes involving all vehicle types, when the driver was a young driver. Autonomous Emergency 
Braking fitment was also found to be more effective in preventing PDO crashes from narrowly sensitive 
crashes involving either all vehicle types or just small and light vehicles; and from narrowly sensitive crashes 
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when the driver was a young driver. Additional fatal and serious injury and property damage only crash savings 
estimated from the regression results (and not included in Table 44, Table 48 or Table 50), are presented in 
Table 51. Savings associated with small and light vehicles assume that the 2017 young driver vehicle fitment 
rates by market group for the whole fleet are the same in AEB sensitive vehicles and that the proportions of 
market groups within sensitive crash groups will be the same for crashes saved. 

Using the average number of fatal and serious injuries per fatal and serious injury crash for a sensitive crash 
group, the fatal and serious injury savings are estimated to represent, under current fitment, the mitigation of 
4 intersection sensitive fatal and serious injury crashes in small vehicles and 10 narrowly sensitive fatal and 
serious injury crashes in any light vehicle7.  Under the 100% fitment scenario, the additional fatal and serious 
injury crash savings estimated to arise from the fatal and serious injury savings are: 49 small light vehicle 
intersection sensitive crashes and 97 all vehicle6 narrowly sensitive crashes. 

 

TABLE 51 AVERAGE ANNUAL ADDITIONAL SAVINGS* (2013-2017) FROM AEB FITMENT IN YOUNG 
DRIVER VEHICLES (AUSTRALIA) 

 
Fatal and serious Injuries Property damage only crashes 

Under current fitment 

  

Small Vehicles 13  46 

Other vehicles 6 0 

With 100% fitment 

  

Small Vehicles 134 328 

Other vehicles 67 170 

Additional all crash % 1.9% 11.2% 

*savings from estimated additional effectiveness specifically for young drivers 

8.5.1 Savings by vehicle type 

Using the average 2013 to 2017 distribution of vehicle types or ages by driver age and crash sensitivity, and 
the 2017 distribution of fitment of vehicle safety systems by driver age and vehicle type or age, crash savings 
for each sensitive crash type were distributed into savings by vehicle type or age.  These were summed over 
all vehicle safety systems to yield overall savings by fitment scenario, driver experience and vehicle type or 
vehicle age (Figure 25 and Figure 26).  These savings were adjusted with the estimates of experience related 
increased effectiveness of AEB found for intersection and narrowly sensitive AEB crashes.  

The savings under both current and 100% fitment scenarios were much greater for young drivers (17 to 22 
years) when driving large, small or light cars.  The injury crash differences observed between novice and 
experienced drivers were not as large as those for PDO crashes.  The small and light car crash savings for 
young drivers are remarkable when taken in the context that these are absolute savings, and that the young 
driver group is significantly smaller than the experienced driver group.      

                                                      
7 A proportion of which will be small vehicles 
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Figure 25 Injury and PDO crashes saved by crashed vehicle type, driver age group and fitment scenario 

(Australia)  

 
Because fitment is generally not in vehicles aged over five years, PDO and injury crash savings are greatest 
in older vehicles under the 100% fitment scenarios.  Savings are additionally greater for experienced drivers 
in newer vehicles under both fitment scenarios because of the lower proportions of newer vehicles being driven 
by young drivers (Figure 26).  

 

 

Figure 26 Injury and PDO crashes saved by crashed vehicle age, driver group and fitment scenario (Australia) 
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The proportions that savings make of all crashes within the same vehicle, driver experience and severity group 
are plotted in Figure 28.  A relative novice-to-experienced driver comparison of these proportions is made in 
Figure 27 for young drivers aged 17 to 22.  Under 100% fitment scenarios the greatest proportions of both 
PDO and injury savings are made for young drivers in more aggressive vehicles. This can be interpreted to 
mean that greater proportions of aggressive light vehicles lack technology fitment for young drivers. 

Under all fitment scenarios, and for all vehicle types, a greater proportion of savings are available to young 
drivers than to experienced drivers, however in relative terms, the proportions of savings in small and light 
vehicles has the potential to be four to seven times greater for young drivers. The light car and small car8 
relative savings ratios are greatest largely due to the greater proportions of these types of vehicles being driven 
by young drivers, however the ratios have also been enhanced by the greater driver-assist systems 
effectiveness estimated for young drivers when driving these vehicles.  

 

 

Figure 27 Ratio of the proportion of vehicle type crashes saved for novice relative to experienced drivers, by 
fitment scenario and crash severity (Australia) 

 

                                                      
8 The small-SUV group was poorly populated, so the large ratio of Figure 27 is related to magnifying the estimate uncertainty with the 

experience-related relative effectiveness adjustment for small light vehicles.   
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Figure 28 The proportion of injury and PDO crashes saved within crashed vehicle type and driver age groups 
(Australia)  
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9. DISCUSSION AND CONCLUSIONS 

This analysis has demonstrated that, based on published literature on real-world effectiveness alone, a greater 
proportion of crashes are saved for young drivers than for experienced drivers under current fitment of ESC, 
AEB and LDW, and that the young driver crash savings are expected to greatly increase both in absolute and 
in relative terms when fitment is maximised in Australasia. Crashes targeted by ESC, AEB and LDW were all 
represented in greater proportions for young drivers than for experienced drivers in both the Australian and 
New Zealand data.  Furthermore, the proportion of Australian young driver (aged 17 to 22 years) crashes that 
were targeted by ESC was so large that the targeted crash count was similar in magnitude to that of the much 
larger cohort of older drivers (aged 35 to 55 years). The combination of over-representation of sensitive 
crashes for young drivers, and lower rates of young driver vehicle technology fitment rates, created a situation 
where the proportions of crashes potentially saved by LDW, ESC and AEB were estimated to be far greater 
for young and young drivers.  Overall, in the Australian data, the estimated additional proportion of young driver 
PDO crashes saved under 100% fitment was 15%, which is 50% higher than that estimated for experienced 
drivers.  For injury crashes the estimated additional proportion saved was 14%, which is 75% greater than that 
estimated for experienced drivers.  

Given current fitment rates of the technologies studied in the New Zealand crashed vehicle, around 2% of 
injuries arising from non-novice crashes would be expected to have been prevented by the three technologies 
combined. A somewhat smaller proportion can have been expected to be prevented in young drivers’ crashes, 
around 1.7%. This is largely due to a higher prevalence of older vehicles driven by young drivers, which do not 
have the safety technologies fitted. The additional proportion of injuries preventable by 100% fitment for non-
novice vehicles was estimated to be 24%, 18% and 16% for fatal, serious and minor injuries respectively. For 
young drivers, the equivalent estimates were higher: 28%, 23% and 21%. Property damage only crashes were 
not included in the analysis for New Zealand. Electronic stability control has been mandated in New Zealand 
vehicles recently for all new light passenger and goods vehicles from July 1, 2015, all used four-wheel-drive 
SUVs and off-road vehicles from January 1, 2016, and all used passenger cars with engine capacity greater 
than 2 litres from January 1, 2018. Nevertheless, as shown in Table 3, only around one fifth of young drivers’ 
vehicles and one third of non-novices’ vehicles are currently fitted with ESC. 

Currently, the driver-assist system benefits to young drivers arise mainly from ESC fitment, but increased fleet 
penetration in Australia was estimated to yield an injury crash savings potential of similar magnitude for all 
three diver-assist systems which could be up to 700 injury crashes per system per year.  Electronic Stability 
Control was estimated to have the potential to double its current young driver PDO crash savings to 
approximately 400 per year and AEB was estimated to have the potential to save almost 1200 young driver 
PDO crashes per year.   

In translating the effectiveness of AEB, ESC and LDW to crash savings, factors that influence the vehicle 
safety system effectiveness and differ by driver experience were not initially considered.  However, this 
potential source of savings bias was quantified by estimating the novice-to-experienced relative ratio of 
effectiveness for the system, which was found to be statistically significant.   The effectiveness of LKAA, AEB 
and AEB was expected to be higher for vehicles driven by young drivers because their lack of experience 
provides opportunity for a faster autonomous response. This analysis found AEB to be up to 60% more 
effective in young driver sensitive crashes depending on the vehicle type, crash severity and AEB sensitivity 
(narrow, broad or intersection).  The relative effectiveness of AEB corresponded to a further 2% of injury 
crashes and a further 11% of PDO crashes to be saved for young drivers. 

In absolute terms, the benefits available to young drivers from these three driver-assist systems were greatest 
for small and large cars and for vehicles aged greater than 5 years.  However, when expressed as a proportion 
of crashed vehicles of the same type, the greatest potential savings, by proportion, were available to large 
SUVs and to commercial utilities, which was approximately a quarter of all injury and PDO crashes.  Potential 
PDO savings of 25% were also available for young drivers of commercial vans. Greater proportional savings 
in vehicles with higher aggressivity indicate that LKAA, ESC and AEB also offer a protective effect for other 
road users.  The greater proportions additionally indicate that programs which encourage or mandate the 
uptake of LKAA, ESC and AEB for young drivers will have greater proportional benefits in crash avoidance 
and injury mitigation within young driver involved large SUV and commercial vehicle crashes.  

It is clear that much of the savings benefit arises as a result of the vehicle choices of young drivers.  For 
example, because ESC has not been mandated in all light vehicles manufactured prior to 2015, choosing older 
vehicles gives young drivers less access to ESC.  Furthermore, driver-assist technologies such as LKAA and 
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AEB are more likely to be standard within the medium and large new car markets than in the markets designed 
to be less expensive small and light car markets.  The tendency for young drivers to choose small and light 
cars will mean that young drivers will also likely miss the benefits of natural market penetration of LKAA and 
AEB.  Limiting young driver vehicle choices to vehicles with standard fitment of LKAA, ESC and AEB would 
clearly benefit young drivers, however restricting mandates to a standard fitment within specific market groups 
also has benefits.  For example, forcing young drivers to only be able to drive small and light vehicles if they 
have driver-assist systems fitted would help young drivers to benefit from future vehicle technology available 
in the more expensive market groups.  Considering benefits in particular market group, the greatest 
proportional benefit would be made from young driver mandates of driver-assist systems within commercial 
vehicles and large SUVs. 

This report presents an estimate of potential savings that is limited by many assumptions. First of all, the 
potential savings estimates assume that 100% fitment is possible. However, complete fitment of a vehicle fleet 
can only be achieved through either retirement of all unfitted vehicles or through retro-fitment.  This analysis 
also assumes 100% fitment within current crash conditions which also could change over time; market group 
distribution, crash type distribution and total counts of crashes observed could all change before this set of 
driver-assist systems reaches saturation. Each change could influence potential savings. The over-estimation 
of potential through the 100% fitment scenario presented here for Australia is counter-balanced by the fact that 
only 95% of Australian crashes have been considered; the crashes of the Act, Northern Territory and Tasmania 
were not available for this analysis.  Furthermore, it is also likely that under-estimation of savings is possible 
through ignoring the effects of optional fitment, technological advancements which would improve the 
effectiveness of these driver-assist systems over time.  For the most part, these factors are likely to similarly 
effect both novice and experienced drivers, so relative comparisons of crash savings are more robust to these 
limitations than absolute comparisons are. 

The use of LDW as a surrogate for LKAA in the current analysis is also expected to lead to under-estimation 
of crash savings.  To gain better insight into the effectiveness of LKAA, overall and by driver experience groups, 
it would be beneficial to repeat this analysis when both LDW and LKAA have better penetrated the Australian 
marketplace.  Furthermore, increased fleet penetration may allow future studies to have the power to evaluate 
the real-world effectiveness of LKAA, or to further examine the influences of driver behaviour on the 
effectiveness of LDW using Australian data. 

Driver-assist system effectiveness at reducing PDO and injury crashes for young drivers is limited by young 
driver acceptance and trust in these systems. Weiss et al. (2018) reported that many novice teen drivers had 
greater trust in their own abilities over advanced driver-assist systems (ADAS). However, Biassoni et al (2016) 
found that driver acceptance in ADAS could be improved with information about the level of automation and 
that acceptance for young drivers in particular could be improved with communication of safety benefits and 
with pleasantness of use. Therefore, it is important that implementation of programs which require young 
drivers to use driver-assist systems are supported with education programs and that the systems themselves 
have been proven to be attractive to young drivers and their parents, who are known to play an important part 
in young driver vehicle choice (Keall and Newstead, 2013).  

In conclusion this report presents evidence of greater benefits available to young drivers than to older, 
experienced drivers, through increased uptake of ESC, LKAA and AEB vehicle fitment. These benefits are 
considerable; the 2020 value of the potential PDO and injury crash savings from 100% fitment of ESC, LDW 
and AEB to young driver vehicles in Australia was estimated at $313 million. The corresponding social cost 
saving in New Zealand was estimated to be $135 million. This evidence provides support for policies that 

increase uptake of driver-assist system in the vehicles driven by young drivers. 
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APPENDIX 

A.1 DCA charts and RUM codes across each Australian jurisdiction 

 

 

Victoria 
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New South Wales 
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Queensland 
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Western Australia 
 

98 Pedest: Other 33 Same Dirn: Same Lane Right Rear 

1 Pedest: Near Side 34 Same Dirn: Same Lane U - Turn 

2 Pedest: Emerging From Near Side 35 Same Dirn: Parallel Lanes - S/swipe 

3 Pedest: Far Side 36 Same Dirn: Change Lanes - Right 

4 Pedest: Play / Work / Stand On Cway 37 Same Dirn: Change Lanes - Left 

5 Pedest: Walking With Traffic 38 Same Dirn: Parallel Lanes - Turn Right S/swipe 

6 Pedest: Walking Against Traffic 39 Same Dirn: Parallel Lanes - Turn Left S/swipe 

7 Pedest: In Driveway 40 Manoeuv: Other 

8 Pedest: On Footway 42 Manoeuv: Leaving Parking 

9 Pedest: Struck Boarding / Alighting 43 Manoeuv: Parking 

10 Intx: Other 44 Manoeuv: Parking Veh Only 

11 Intx: Thru - Thru 45 Manoeuv: Reversing In Traffic 

12 Intx: Right - Thru 46 Manoeuv: Reverse Into Fixed Obj 

13 Intx: Left - Thru 47 Manoeuv: Leaving Driveway 

14 Intx: Thru - Right 48 Manoeuv: Loading Bay 

15 Intx: Right - Right 49 Manoeuv: From Footway 

16 Intx: Left - Right 50 Overtaking: Other 

17 Intx: Thru - Left 51 Overtaking: Head On 

18 Intx: Right - Left 52 Overtaking: Out Of Control: 

19 Intx: Left - Left 53 Overtaking: Pulling Out 

20 Opposite Dirn: Other 54 Overtaking: Cutting In 

21 Opposite Dirn: Head On 55 Overtaking: Pull Out - Rear End 

22 Opposite Dirn: Thru - Right 56 Overtaking: Into Right Turn 

23 Opposite Dirn: Right - Left 60 On Path: Other 

24 Opposite Dirn: Right - Right 61 On Path: Parked 

25 Opposite Dirn: Thru - Left 62 On Path: Double Parked 

26 Opposite Dirn: Left - Left 63 On Path: Accident Or Breakdown 

27 Opposite Dirn: U - Turn 64 On Path: Open Car Door 

30 Same Dirn: Other 65 On Path: Permanent Obstruction 

31 Same Dirn: Same Lane Rear End 66 On Path: Temp Roadworks 

32 Same Dirn: Same Lane Left Rear 67 On Path: Temp Obj On Cway 

Western Australia continued 
 

69 On Path: Hit Animal   

70 Off Path On Straight: Other   

71 Off Path On Straight: Off Left Cway   

72 Off Path On Straight: Off Left Cway Obj   

73 Off Path On Straight: Off Rigth Cway   

74 Off Path On Straight: Off Right Cway Obj   

75 Off Path On Straight: Lost Control On Cway   

76 Loss Of Control: Left Turn - Intx   

77 Loss Of Control: Right Turn - Intx   

80 Off Path On Curve: Other   

81 Off Path On Curve: Off Cway Right Bend   

82 Off Path On Curve: Off Right Bend In Obj   

83 Off Path On Curve: Off Cway Left Bend   

84 Off Path On Curve: Off Left Bend In Obj   

85 Off Path On Curve: Lost Control On Cway   

90 Misc: Passenger Other   

91 Misc: Passenger Fell In / From Veh   
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92 Misc: Load Struck Veh   

93 Misc: Struck Train   

94 Misc: Struck Rail Xing Furniture   

95 Misc: Hit Animal Off Cway   

96 Misc: Parked Car Ran Away   

97 

 

 

Misc: Veh Movement Unknown   
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