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EXECUTIVE SUMMARY 
 
This report describes the development of further updated crashworthiness ratings (the 
relative safety of vehicles in preventing severe injury in crashes) for 1982-97 model 
vehicles based on crash data from Victoria and New South Wales during 1987-97 and from 
Queensland during 1991-96. Crashworthiness was measured by a combination of injury 
severity (of injured drivers) and injury risk (of drivers involved in crashes).  Injury severity 
was based on 113,531 drivers injured in crashes in the three States during 1987-97.  Injury 
risk was based on 518,726 drivers involved in crashes in New South Wales and Queensland 
where a vehicle was towed away. 
 
The crashworthiness ratings were adjusted for the driver sex and age, the speed limit at the 
crash location, the number of vehicles involved, the year in which the crash occurred and 
the state in which the crash occurred. These factors were found to be strongly related to 
injury risk and/or severity.  Adjustments were made with the aim of measuring the effects of 
vehicle factors alone, uncontaminated by other factors available in the data that affected 
crash severity and injury susceptibility. 
 
The rating scores estimate the risk of a driver being killed or admitted to hospital when 
involved in a tow-away crash, to a degree of accuracy represented by the confidence limits 
of the rating in each case. The estimates and their associated confidence limits were 
sufficiently sensitive that they were able to identify 55 models of passenger cars, four-wheel 
drive vehicles, passenger vans and light commercial vehicles that have superior or inferior 
crashworthiness characteristics compared with the average vehicle. 
 
It is concluded that the additional crash data has enabled the crashworthiness ratings to be 
obtained for a larger range of car models than previously. The new data set has been able to 
produce more up-to-date and reliable estimates of the crashworthiness of individual car 
models than those published previously.  However the results and conclusions are based on 
a number of assumptions and warrant a number of qualifications that should be noted. 
 
A second stage of the project investigated the relationship between vehicle crashworthiness 
and the year of manufacture of vehicles for the years of manufacture 1964 to 1997. This 
study updated an earlier one that studied vehicles manufactured in the years 1964 to 1996.  
 
The crashworthiness of passenger vehicles (cars, station wagons and taxis), measured by the 
risk of the driver being killed or admitted to hospital as the result of involvement in a tow-
away crash, has been estimated for the years of manufacture from 1964 to 1997.  This study 
showed similar patterns of improvements in crashworthiness over the period of study to the 
original study with the greatest gains over the years 1970 to 1979 during which a number of 
new Australian Design Rules aimed at occupant protection took effect. Gains in 
crashworthiness have also been observed over the years 1989 to 1997. 
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QUEENSLAND CRASHES DURING 1991-96 

 

1. INTRODUCTION 
 

1.1 Background 
 
In 1990, the NSW Roads and Traffic Authority (RTA) and the NRMA set out on a joint project 
to develop a ‘car safety rating’ system based on Police records of crash and injury involvement. 
The objective was to use vehicle crash records and injury data to develop ratings for the relative 
safety of vehicles. The NRMA and RTA entered into discussions with the CSIRO to conduct the 
necessary analysis, and by early 1991 had produced some relative ranking of vehicles. 
 
Also during 1990, the Victorian Parliamentary Social Development Committee (SDC) in its 
report on its inquiry into vehicle occupant protection recommended ways should be investigated 
for Victorian consumers to give high priority to motor vehicle occupant protection in the 
vehicles they purchase (SDC 1990). 
 
In the second half of 1990, the Monash University Accident Research Centre (MUARC) 
commenced a project to develop consumer advice on vehicle safety performance from mass 
accident data. The development of crashworthiness ratings (the relative safety of vehicles in 
preventing severe injuries in crashes) was given priority in the project because of their potential 
to find significant differences between makes and models. 
 
In mid 1991, the NSW and Victorian groups became aware of each others activities and, 
following discussions, agreed to proceed jointly rather than have two competing vehicle safety 
rating systems, one based on Victorian data and the other on NSW data. Later, the NSW RTA 
and NRMA agreed that MUARC should undertake the analysis of the joint NSW/Victorian data 
sets. The NSW RTA and NRMA perform preliminary work on the NSW data base to, as far as 
possible, provide a clean set of data with accurately inscribed models for each vehicle. The data 
are then handed over to MUARC for analysis. 
 
Crashworthiness ratings rate the relative safety of vehicles by examining injury outcomes to 
drivers in real crashes. The crashworthiness rating of a vehicle is a measure of the risk of serious 
injury to a driver of that vehicle when it is involved in a crash. This risk is estimated from large 
numbers of records of injury to drivers of that vehicle type involved in real crashes on the road. 
 
In 1994, MUARC produced vehicle crashworthiness ratings based on crash data from Victoria 
and New South Wales during 1987-92 (Cameron et al, 1994a,b). These ratings updated an earlier 
MUARC set produced by Cameron et al (1992).  Crashworthiness was measured in two 
components: 
 
1. Rate of injury for drivers involved in tow-away crashes (injury risk) 
2. Rate of serious injury (death or hospital admission) for injured drivers (injury severity). 
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The crashworthiness rating was formed by multiplying these two rates together; it then measured 
the risk of serious injury for drivers involved in crashes.  Measuring crashworthiness in this way 
was first developed by Folksam Insurance who publishes the well-known Swedish ratings 
(Gustafsson et al 1989). 
 
The results of these ratings are summarised in Cameron et al (1994a) with a full technical 
description of the analysis methods appearing in Cameron et al (1994b). These ratings use an 
analysis method, which was developed to maximise the reliability and sensitivity of the results 
from the available data.  In addition to the speed zone and driver sex, the method of analysis 
adjusts for the effects of driver age and the number of vehicles involved, producing results with 
all those factors taken into account. 
 
Subsequent to the ratings of Cameron et al (1994a,b), three further updated sets of ratings were 
produced during 1996, 1997 and 1998 (Newstead et al 1996, Newstead et al 1997, Newstead et 
al 1998). These covered vehicles manufactured over the period 1982-94, 1982-1995 and 1982-
96 respectively and crashing during 1987-94, 1987-95 and 1987-96 respectively incorporating 
some enhancements to the methods of statistical analysis. The 1998 crashworthiness ratings 
covered 130 individual models of sedans, station wagons, four wheel drives, passenger vans and 
light commercial vehicles and were given as estimates of risk of severe injury for each model 
along with 95% confidence limits on each estimate. These rating figures were widely distributed 
in the form of a "Used Car Safety Ratings" brochure, based on similar brochures produced from 
the earlier ratings. 
 
Another focus of the vehicle crashworthiness ratings study has been to track historical 
improvements in the average crashworthiness of the vehicle fleet since 1964. In 1994, the Royal 
Automobile Club of Victoria (RACV) commissioned a study to investigate the effects of the 
year of manufacture of vehicles (vehicle year) on their road safety (Cameron et al 1994c). This 
project focused on investigating the relationship between crashworthiness and vehicle year of 
manufacture for the years 1964 to 1992. The aim of the original study of Cameron et al (1994c) 
was, to the extent possible, to measure the crashworthiness of vehicles of different years of 
manufacture, after eliminating the influence of other key factors affecting the risk of injury 
which might also be associated with vehicle year (eg. driver age and sex, use on high speed 
roads, etc.).  
 
The original study of Cameron et al (1994c) showed that the crashworthiness of passenger 
vehicles in Australia has improved over the years of manufacture 1964 to 1992 with rapid 
improvement over the years from about 1970 to 1979.  Drivers of vehicles manufactured during 
1970 to 1979 could be expected to have benefited from the implementation of a number of 
Australian Design Rules (ADRs) for motor vehicle safety which previous research has shown to 
be effective in providing occupant protection. 
 

1.2 Project Aims 
 
The aim of this project was to update the previously published crashworthiness ratings of 
Newstead et al (1998) by inclusion of additional crash data from the year 1997 from Victoria 
and NSW and from the years 1991 to 1996 from Queensland. The updated ratings cover the 
drivers of cars, station wagons, four-wheel drive vehicles, passenger vans, and light commercial 
vehicles manufactured during 1982-97 and crashing in Victoria or NSW during 1987-97 or 
Queensland during 1991-96.  
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This project also aims to update the results of the study of crashworthiness by vehicle year of 
manufacture to include vehicles manufactured over the years 1964 to 1997. This component of 
this project also used the same methods and data sources as the crashworthiness ratings project 
(Newstead et al 1997), the exception being that pre-1982 vehicles were also included. 

2. CRASH DATA 
 
Data from Victoria and NSW used to produce the crashworthiness ratings of Newstead et al 
(1998) covering vehicles manufactured over the period 1982-96 and crashing during the years 
1987-96 was again used here. In addition, data for 1997 for both these states were obtained and 
integrated bringing the total period of crash data covered to 1987-97. A new addition to this 
update of the ratings was the integration of data from Queensland over the period 1991 to 1996. 
  

2.1 Victorian Crashes 
 
The Transport Accident Commission (TAC) and its predecessor, the Motor Accidents Board, as 
part of their responsibilities to provide road transport injury compensation, have collected 
detailed injury data.  For each claimant, a description of the injuries was recorded, as well as 
whether the person was admitted to hospital.  TAC obtained some details of the occupied vehicle 
(but not its model) from the VicRoads registration system.  When the TAC was established in 
1987, it introduced a requirement that the crashes resulting in an injury claim should be reported 
to the Police, and started adding Police accident numbers (if and when available) to the claims 
records. 
 
TAC injury claims from all types of road users who were involved in crashes in the period 1987 
to 1996 had been merged with Police crash reports for the previous crashworthiness ratings (see 
Cameron et al (1994a,b) for a description of the method of matching). The Police reports were 
for all persons involved in crashes, no matter whether the Police officer recorded the person as 
injured or uninjured (this procedure was followed because it was possible for an injury claim to 
be made in circumstances where injury was not apparent at the time of the crash).  Crashes are 
reported to the Police in Victoria if a person is killed or injured, if property is damaged but 
names and addresses are not exchanged, or if a possible breach of the Road Traffic Regulations 
has occurred (Green 1990). 
 
The levels of matching of TAC claims with persons recorded on Police reports for each year 
during 1987-96, achieved by Newstead et al (1998) for the last crashworthiness ratings, are 
shown in Table 1. To update the ratings, files on TAC claims during 1997 were obtained.  These 
were merged with the Police reports on crashes in Victoria during 1997, achieving the match 
rates also shown in Table 1. The methods of matching for the 1996 data were the same as used 
previously and detailed in Cameron et al (1994b). 
 
The merged files of TAC claims with Police reports for 1997 was added to the earlier data on 
crashes during 1987-96, which then represented 155,520 TAC claims for injury during 1987-97.  
The resulting file covered 33,234 injured drivers of 1982-97 model cars who had accepted TAC 
claims.  The information on these drivers was combined with data on drivers injured in NSW 
and Queensland (see Section 2.3) to produce the updated crashworthiness ratings. 
 
Table 1: TAC claims for injury compensation from crashes during 1987-97 
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Year TAC claims 
(all types of 
injured road 

users) 

TAC claims 
matched with 
Police reports 

Match rate 
(%) 

1987 30,892 17,509 56.7 
1988 28,427 16,672 58.6 
1989 25,399 17,494 66.3 
1990 19,633 13,886 70.7 
1991 19,538 12,774 65.4 
1992 19,251 13,118 68.1 
1993 18,590 12,618 67.8 
1994 19,341 11,927 61.6 
1995 20,189 12,452 61.7 
1996 19,954 14,034 70.3 
1997 18,754 13,036 69.5 

 
For the study of crashworthiness by year of vehicle manufacture, of the 155,520 merged TAC 
claims for injury during 1987-97, 69,553 were injured drivers of cars, station wagons or taxis 
manufactured over the years 1964-97. Again, the information on these drivers was combined 
with data on drivers injured in NSW and Queensland (see Section 2.2). 
 

2.2 New South Wales Crashes 
 
NRMA supplied files covering 456,628 light passenger vehicles involved in Police reported 
crashes during 1987-97 that resulted in death or injury or a vehicle being towed away. NRMA 
had added the model and year of manufacture to these vehicles after matching with the NSW 
vehicle register via registration number and vehicle make.  The files supplied covered only 
vehicles manufactured during 1982-97, but covered four-wheel drive vehicles, passenger vans, 
and light commercial vehicles as well as cars and station wagons. The method of assembly of 
this data is given in Cameron et al (1994b). 
 
The vehicle files (which also contained driver age and sex) were merged with files supplied by 
NSW RTA covering details of the person casualties (killed and injured persons) and the reported 
crashes for the same years.  Each vehicle/driver matched uniquely with the corresponding crash 
information, but only injured drivers could match with persons in the casualty files.  A driver 
who did not match was considered to be uninjured. Out of the 456,628 drivers involved in tow-
away crashes, 73,990 were injured. 
 
For the study of crashworthiness by vehicle year of manufacture, the NSW data represented 
1,173,099 drivers of cars, station wagons or taxis manufactured from 1964 to 1997 who were 
involved in tow-away crashes. Of these drivers, 194,734 were injured. 
 
The presence of uninjured drivers in the merged data file meant that it was suitable for 
measuring the risk of driver injury (in cars sufficiently damaged to require towing). This 
contrasted with the Victorian data file, which could not be used to measure injury risk directly 
because not all uninjured drivers were included. 
 

2.3 Queensland Crashes 
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Queensland Transport supplied files covering 86,402 light passenger vehicles involved in Police 
reported crashes during 1991-96 that resulted in death or injury or a vehicle being towed away. 
Data on crashes during 1997 in Queensland was not available at the time of analysis. The files 
supplied covered all years of vehicle manufacture up to 1996 but covered four-wheel drive 
vehicles, passenger vans, and light commercial vehicles as well as cars and station wagons.  
 
The vehicle files (which also contained links to separate files with driver age and sex) were 
merged with files supplied by Queensland Transport covering details of the person casualties 
(killed and injured persons) and the reported crashes for the same years. Each vehicle/driver 
matched uniquely with the corresponding crash information, but only injured drivers could 
match with persons in the casualty files. As for NSW, a driver who did not match was 
considered to be uninjured. Out of the 86,402 drivers involved in tow-away crashes, 17,923 were 
injured. 
 
For the study of crashworthiness by vehicle year of manufacture, the Queensland data 
represented 119,051 drivers of cars, station wagons or taxis manufactured from 1964 to 1997 
who were involved in tow-away crashes. Of these drivers, 25,611 were injured. 
 
As with the data from NSW, the presence of uninjured drivers in the data file meant that it was 
also suitable for measuring the risk of driver injury (in cars sufficiently damaged to require 
towing). This contrasted with the Victorian data file, which could not be used to measure injury 
risk directly because not all uninjured drivers were included. 
 

2.4 Combined Data from the Three States 
 
When the data on the injured drivers was combined for analysis, it covered 125,147 drivers of 
1982-97 model vehicles who were injured in crashes in Victoria or NSW during 1987-97 or in 
Queensland during 1991-96. This information was used to assess the injury severity of the 
injured drivers of the different makes and models. 
 
The information on the 543,030 drivers involved in tow-away crashes in NSW during 1987-97 
or Queensland during 1991-96 was used to assess the injury rate of drivers of the different 
makes and models. 
 
For the study of crashworthiness by year of vehicle manufacture, the combined data covered 
289,878 drivers of vehicles manufactured between 1964 and 1997 who were injured in crashes 
in Victoria or NSW during 1987-97 or Queensland during 1991-96 and 1,292,150 drivers 
involved in tow-away crashes in NSW during 1987-97 or Queensland during 1991-96. 
 
 

3. MODELS OF VEHICLES 
 
A procedure developed by the NRMA located the crashed vehicles in NSW vehicle registration 
records after matching by registration number and vehicle make. The Vehicle Identification 
Number (VIN) or chassis number obtained from the register was decided to determine the 
models of light passenger vehicles. The decoding identified some light truck and unusual 
commercial models that were not considered further.  Of the vehicles manufactured during 
1982-97, all but around 4% had their model identified.  Further details are given by Pappas 
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(1993). The same VIN decoding procedure was used to identify vehicle models in the 
Queensland data, achieving a similar level of decoding accuracy to NSW. 
 
The Victorian vehicle register provided the make and year of manufacture of the crashed vehicle 
but not the model. Models were initially derived for cars manufactured during 1982-88 using 
logic developed and supplied by the Royal Automobile Club of Victoria (RACV) based on the 
make, year and power-mass units. Power-mass units (PMU) are the sum of RAC horsepower 
units (PU) and the vehicle mass in units of 50kg (MU). Refined logic was developed by 
MUARC based on make, year, PMU, PU, MU and body type, and extended to cover 1989-93 
models.  The MUARC logic was applied to the combined Victorian data in conjunction with the 
RACV logic to derive passenger car models for the model years 1982-93. 
 
For vehicles crashing in the years 1994 to 1997, where available, the Victorian vehicle register 
provided the VIN of each crashed vehicle along with the information described above. VINs are 
recorded on the Victorian vehicle register for most vehicles from 1989 year of manufacture 
onwards. Where a VIN was available for a vehicle appearing in the 1994 to 1997 crash data, the 
model information was decoded from the VIN using the methods of Pappas (1993).  Where the 
VIN was not available, the RACV and MUARC logic, described above, was used to obtain 
model details. 
 
RACV, NRMA and the Federal Office of Road Safety (FORS) provided advice on the particular 
models which had experienced substantial changes in design (and hence potential 
crashworthiness) during model years 1982-97 and in which years the design was relatively 
constant. This resulted in certain models being split into ranges of years of manufacture.  Where 
the new model was introduced near the beginning or end of a year (up to two months either 
way), this process was relatively straightforward (accepting a small mis-classification in some 
circumstances). However, when the model changed near the middle of the year, the model for 
that year was kept separate and potentially treated as a "mixed" model (eg. the Daihatsu Charade 
1987 models). Where exact model decoding was possible from the VIN, without using year of 
vehicle manufacture, this was used. 
 
Advice had previously been provided by VicRoads regarding models (sometimes only for 
specific years) which were essentially the same design or construction, though registered as 
having different manufacturers, which could be combined with each other.  This information 
was used in the analysis to combine some models, otherwise one or both members of each such 
pair of models would have been excluded and a crashworthiness rating figure would not have 
been produced (Section 4.2). Model sharing in the automotive industry has declined in recent 
years alleviating this as an ongoing problem to a large degree. 
 
As in previous crashworthiness ratings, models were excluded with fewer than 20 injured drivers 
and/or fewer than 100 involved drivers appearing in the crash data. These selection criteria were 
used to ensure stability in fitting the logistic regression models along with suitably small 
confidence limits on the estimated crashworthiness ratings. 
 
For the purpose of publication, the models were also categorised in market groups as follows: 
 
• Passenger cars and station wagons: Large 

Medium 
Small 
Sports 
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Luxury 
• Four-wheel drive vehicles 
• Passenger vans 
• Commercial vehicles (less than 3000 kg GVM) 
 
It should be noted that some of the vehicle models identified in the Victorian and NSW crash 
data have optional safety equipment, such as air bags, which could significantly alter the 
crashworthiness rating of the vehicle model when fitted. Notable examples in local manufacture 
include the Holden Commodore VR/VS, Toyota Camry 1993-97 and Mitsubishi Magna TR/TS, 
and TE/TF, all of which have optional air bag fitment. It is, however, generally not possible to 
identify which particular vehicles of a model series do and do not have such optional safety 
equipment installed using the model decoding procedures described above. Consequently, for 
those vehicle models with optional safety equipment, the estimated crashworthiness rating 
represents an average of the safety performance for vehicles with and without the optional safety 
equipment weighted by the number of each in the crash data. 
 
In future updates of crashworthiness ratings, it may be possible to rate separately vehicles of 
certain model series with and without air bags in order to judge the safety benefits of this device. 
To achieve this, it will be necessary to seek the cooperation of vehicle manufacturers to advise 
on which particular vehicles in the crash data were fitted with air bags by checking the crashed 
vehicle VINs against the manufacturer’s build schedules. 
 

4. ANALYSIS 
 

4.1 Overview of the Analysis Methods 
 
The crashworthiness rating (C) is a measure of the risk of serious injury to a driver of a car when 
it is involved in a crash.  It is defined to be the product of two probabilities (Cameron et al, 
1992): 
 
i) the probability that a driver involved in a crash is injured (injury risk), denoted by R;  
 
and 
 
ii) the probability that an injured driver is hospitalised or killed (injury severity), denoted by 

S. 
 
That is 

C R S= × . 
 

Measuring crashworthiness in this way was first developed by Folksam Insurance who publishes 
the well-known Swedish ratings (Gustafsson et al, 1989). 
 
In the present report, each of the two components of the crashworthiness rating was obtained by 
logistic regression modelling techniques. Such techniques are able to simultaneously adjust for 
the effect of a number of factors (such as driver age and sex, number of vehicles involved, etc.) 
on probabilities such as the injury risk and injury severity. 
 

4.1.1 The Logistic Model 
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The logistic model of a probability, P, is of the form: 

 
That is, the log of the odds ratio is expressed as a linear function of k associated variables, 

.  Estimates of the parameter coefficients of the logit function, ie the  can be 
obtained by maximum likelihood estimation (Hosmer & Lemeshow, 1989).  The extension of 
this model to include interaction terms is straightforward. 

X i ki, , ,= 1K $βi

 
The expected value of the logit function can be calculated from the estimated coefficients and 
the mean level of each factor: 

 
 

4.1.2 Logistic Confidence Limits for the Vehicle Models or Year of Manufacture 
 
Whilst it is possible to calculate the variance of ( )Xf̂ , in the context of crashworthiness ratings 
we are only interested in the component of variance due to one factor in  with the variance 
due to the other factors in the model being of no interest. In practice, the component of variance 
due to the factor representing the vehicle model or year of manufacture is of interest, whilst the 
variance due to the remaining factors such as driver age and sex is common to all vehicle models 
or years of manufacture and hence of no interest. 

( )Xf̂

 
To isolate the component of variance in the logistic model due to only one factor, say factor , 
the remaining factors were fixed at a predetermined level (their mean value). The variance of 

, considering all factors apart from  to be fixed, is then given by 

X i

( )Xf̂ X i

 
( )( ) ( )Var f X X Vari i
$ $= 2 β i  

 
In the logistic models of injury risk or injury severity,  was a [0,1] indicator function of either 
a particular vehicle model or market group or year of manufacture, depending on the analysis 
being performed. Hence the variance function given above equalled the variance of the 
coefficient . 

X i

$β i

 
A 95% confidence interval for the logit function with respect to component  is given by  X i

 

( ) ( )( )$ . $f X Var f X i± 196 . 

 
Point estimates and confidence limits in the logistic space were transformed into probability 
estimates using the inverse logistic transform given by 
 

( )

( )Xf

Xf

e
eP ˆ

ˆ

1
ˆ

+
= . 
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4.2 Logistic Models for Each Component 
 

4.2.1 Obtaining the Covariate Models 
 
Before adjusted crashworthiness ratings could be obtained it was necessary to consider logistic 
models of each of the crashworthiness components separately to identify possible factors, other 
than vehicle design, that might have influenced the crash outcomes.  A stepwise procedure was 
used to identify which factors had an important influence.  This was done without considering 
the type of car or year of manufacture in the model as the aim was to determine which other 
factors were most likely to have an influence across a broad spectrum of crashes.  Furthermore, 
the car model variable had to be excluded from the logistic modelling process at this stage 
because of analysis convergence problems when the car model was competing against the other 
factors in the stepwise procedure. 
 
Logistic models were obtained separately for injury risk and injury severity because it was likely 
that the various factors would have different levels of influence on these two probabilities. 
 
The factors considered during this stage of the analysis for both injury risk and injury severity 
were 
 
• sex:  driver sex (male, female) 
• age:  driver age (≤25 years; 26-59 years; ≥60 years) 
• speedzone: speed limit at the crash location (≤75 km/h; ≥80 km/h) 
• nveh:  the number of vehicles involved (one vehicle; ≥1 vehicle) 
 
These variables were chosen for consideration because they were part of both the Victorian and 
New South Wales databases.  Other variables were only available from one source and their 
inclusion would have drastically reduced the number of cases that could have been included in 
the analysis. 
 
Unlike previous estimation of vehicle crashworthiness ratings, two further factors were included 
in the covariate models. These were: 
 
• state:  state of crash (Victoria, NSW or Queensland) 
• year:  year of crash (1987, 1988, … ,1997 ) 
 
The first of these additional factors was necessary because, in comparison to Victoria and NSW, 
which have similar proportions of crashes at each severity level, Queensland has a higher 
proportion of severe crashes in their reported data. Including the state factor in the covariate 
model is necessary to adjust for rating bias towards those vehicle models that are sold and driven 
more in Queensland.  Whether the noted severity difference is because crashes in Queensland 
are actually more severe on average than in Victoria or NSW or because of some reporting bias 
towards higher severity crashes in Queensland is unclear. Inclusion of a year of crash indicator 
in the model is necessary to adjust for the effects of trends in crash severity noted in Victoria and 
NSW (see section 4.6 below). 
 
All data was analysed using the LR procedure of the BMDP statistical package (BMDP, 1988).  
Estimates of the coefficients of the logit function, , together with their associated $ , , ,βi i = 1K k
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standard errors, were obtained by maximum likelihood estimation.  In the modelling process, 
design variables for the various factors were chosen in such a way that the estimated coefficients 
represented deviations of each of the variable levels from the mean (ie. the BMDP LR marginal 
method for forming design variables was used).   
 
For both injury risk and injury severity, a stepwise procedure was used to identify which factors 
and their interactions made a significant contribution to these probabilities.  All possible first 
and higher order interactions were considered.  A hierarchical structure was imposed so that 
interaction between two variables was included in the model only when the corresponding main 
effects were also included.  The resultant logistic regression models were referred to as the 
"covariate" models or equations. 
 
The average value of the injury risk or injury severity, and estimated 95% confidence intervals, 
were obtained directly from the "covariate" models by substituting mean values of each of the 
factors and their interactions into the regression equations. 
 

4.2.2 Assessing Car Model or Year of Manufacture Differences 
 
Injury risk and injury severity for individual cars were estimated after adding a variable 
representing car model or year of manufacture to the respective logistic "covariate" models.  The 
car model or year of manufacture variable was forced into the logistic equation and individual 
car model or year of manufacture coefficients computed to represent deviations of that car or 
year from the average.  As mentioned earlier, this was to avoid non-convergence problems in the 
analysis when car model or year of manufacture was allowed to compete with the other factors 
in the stepwise selection process. 
 
It was important to ensure that the logistic model adequately described the data and did not yield 
individual car model coefficients that were imprecise or unstable.  For this reason, individual car 
models with small frequencies were pooled with similar car models, if appropriate (see Section 
4.4) or they were excluded from the analysis.  Car models were excluded if, after pooling 
models, either: 
 
i) there were less than 100 involved drivers; or 
ii) there were less than 20 injured drivers. 
 
After exclusion, the regression analyses were performed on 140 individual car models (or pooled 
similar models).  The variable representing car model was therefore categorical with 140 
nominal levels.  The choice of the design for the logistic model allowed the injury risk and 
injury severity estimates for each individual car model to be compared with the overall (average) 
rating for all cars. No such criteria were necessary for the year of manufacture analysis. 
 
For each car model or year of manufacture, a 95% confidence interval for the logit functions of 
injury risk and injury severity was obtained after first adjusting for the average value of the 
"covariate" model and then allowing for the deviation from average for that particular car model. 
 
Estimates of injury risk and injury severity were obtained by de-transforming the logit functions 
as described in Section 4.1.2.  A 95% confidence interval was determined after adjusting for the 
average values of the significant factors and their interactions.  The precision of the estimates of 
injury risk and injury severity is measured by the width of these 95% confidence intervals. 
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4.2.3 Assessing Market Group Averages 
 
A similar approach to that for individual car models was used to assess car market group 
averages.  A variable with 8 nominal levels representing the different market groups (large, 
medium, small, luxury, sports, 4-wheel drive, passenger vans and commercial vehicles with 
GVM < 3000 kg) was added to each of the "covariate" models of Section 4.2.1.  Deviations of 
each market group from the average were also assessed.  Ninety-five percent confidence 
intervals for the estimates of both injury severity and injury risk were also obtained for each of 
the market groups. 
 

4.3 Combining the Injury Risk and Injury Severity Components 
 
The final combined ratings of vehicle crashworthiness are given by:  
 

Crashworthiness Rating = Injury risk  x  Injury severity. 
 
For a given model of car or year of manufacture, j, the crashworthiness rating, C , was therefore 
calculated as: 

j

 
C R Sj j j×  =

where 
 

Rj  denotes the injury risk for car model or year of manufacture j 
Sj  denotes the injury severity for car model or year of manufacture j 

 
Noting the form of the logistic inverse transformation in section 4.1.2 above, we have 
 

R e

e
S e

e
j j

j

j

j

j
=

+
=

+

α β

α β

1 1
,  

 
where α j  and β j  are the values of the logistic regression function  for injury risk and 
injury severity respectively for vehicle model or year of manufacture j. 

( )Xf̂

 
Taking the natural log of the crashworthiness rating and using asymptotic statistical theory, the 
asymptotic variance of the log of the crashworthiness rating is 
 

Var C
Var

e

Var

ee j
j j

j j
(log )

( )

( )

( )

( )
≈

+
+

+

α β
α β1 12 2

 

 
where the variances of α j  and β j  are as given in section 4.1.2 and the estimates of α j  and β j  
are considered independent. 
 
The 95% confidence interval for the natural log of the crashworthiness rating is then 
 

( ))(log96.1)(log jeje CVarC ⋅± . 
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The 95% confidence limit for the crashworthiness rating is obtained by taking the exponent of 
the confidence limit of the logged crashworthiness rating shown above. 
 
Because each of the two estimated crashworthiness components have been adjusted for the effect 
of other factors by logistic regression prior to their incorporation into the combined ratings, the 
resultant crashworthiness rating is also adjusted for the influence of these factors.  It should be 
noted that the confidence interval for the combined rate reflects the variability in the car model 
only and not the variability in the other factors included in the logistic models. 
 
The same procedure was used to obtain crashworthiness ratings of each distinct market group 
and for each year of vehicle manufacture. 
 

4.4 Individual Car Models 
 
Injury risk and injury severity for individual cars was estimated after adding the car model to the 
logistic model described in Section 4.1. 
 
In order to ensure that the logistic model adequately described the data and did not yield 
crashworthiness estimates that were imprecise, individual car models with small frequencies 
were pooled with similar models (Table 2) or excluded from the analysis.  The car models that 
were excluded from the analyses are indicated in Appendix 1.   
 
 
Table 2: Pooled Models of Cars 
 

Laser 82-89 with Mazda 323 82-88 
Telstar 83-87 with Mazda 626 83-86 
Telstar 88-91 with Mazda 626 88-91 
Telstar 92-96 with Mazda 626 92-96 
Falcon EA with Falcon EB Series 1 
Falcon ED with Falcon EB Series 2 
Corsair 89-92 with Pintara 89-92 
Commodore VR/VS with Lexcen 93-95 
Commodore VN-VP with Lexcen 89-92 
Nova 89-93 with Corolla 89-93 
Nova 95-96 with  Corolla 95-96 
Astra 84-86 with Pulsar/Vector 82-86 
Astra 87 with Pulsar/Vector 87 
Astra 88-89 with Pulsar/Vector 88-90 
Barina 85-88 with Suzuki Swift 85-88 
Barina 89-93 with Suzuki Swift 89-94 
Apollo JK/JL with Camry 88-92 
Apollo JM/JP with Camry 93-96 
Ford Maverick 88-97 with Nissan Patrol 88-97 
Suzuki Scurry 85-87 with Holden Carry 85-90 
Suzuki Sierra 82-96 with Holden Drover 85-87 
Nissan XFN Utility  with Ford Falcon Utility 

 

4.5 Market Group Analyses 
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In addition to the individual car model analyses, logistic regression analyses were performed 
based on broad market groups as defined in Section 3. The market group analyses provided 
reference ratings for models in each group. 
 
 

4.6 Trends in the Rating Criteria   
 
In both Victoria and New South Wales there have been major increases in road safety during the 
1990s and this may have produced a change in both the risk of serious injury in crashes as well 
as the number of crashes occurring.  There was therefore some concern that there may have been 
a bias in the crashworthiness ratings given that most vehicles were not on sale, and hence 
involved in crashes, for the entire period covered by the crash data. If, for example, there had 
been a general reduction in crash severity over time, the crashworthiness rating of the later 
model cars would tend to be lower, irrespective of design improvements, than would be 
expected if the general improvements in road safety had not occurred. 
 
This concern led to a need to investigate whether there were in fact, trends in the risk of driver 
injury in NSW, and/or driver injury severity in Victoria and NSW over time. If changes were 
found these would need to be taken into account in the crashworthiness ratings of specific years 
of the same models. 
 

4.6.1 Trends in Driver Injury Rate in NSW and Queensland 
 
The file of drivers involved in crashes in NSW used to measure the driver injury rate, the first 
component of the crashworthiness rating, was analysed by the year in which the crash occurred 
to assess any trends.  There was no real evidence of a consistent trend over the period (Table 3a). 
 
Table 3a: Numbers of drivers of light passenger vehicles manufactured in 1982-97 and 
involved in tow-away crashes in NSW during each of the years 1987-97. 
 

 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
Total injured 4249 4814 5307 5573 5410 5678 5843 6135 6490 6859 7408 
Total involved 33049 32673 36896 40208 39200 39579 40859 42433 45477 51931 53957 
Injury Rate (%) 12.9 14.7 14.4 13.9 13.8 14.3 14.3 14.5 14.3 13.2 13.7 

 
As for NSW, the file of drivers involved in crashes in Queensland, also used to measure the 
driver injury rate, was analysed by the year in which the crash occurred to assess any trends.  
There was strong evidence of a consistent trend over the period (Table 3b), much more than 
observed in the data from NSW. 
 
Table 3b: Numbers of drivers of light passenger vehicles manufactured in 1982-96 and 
involved in tow-away crashes in Queensland during each of the years 1991-96. 
 

 1991 1992 1993 1994 1995 1996 
Total injured 2565 4580 5298 6265 6984 7101 
Total involved 12342 20721 23015 25766 26992 27059 
Injury Rate (%) 20.8 22.1 23.0 24.3 25.7 26.2 

 
 

4.6.2 Trends in Driver Injury Severity in Victoria and NSW Combined and in 
Queensland 
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The file of drivers injured in crashes in the Victoria and NSW combined was used to assess the 
trend in driver injury severity, the second component of the crashworthiness rating. Again there 
was evidence of a consistent trend over the period (Table 4a), more so than in the injury risk 
analysis for NSW above. 
 
Table 4a: Numbers of drivers of light passenger vehicles manufactured in 1982-97 and 
injured in crashes in Victoria and NSW during each of the years 1987-97. 
 

Year of Crash 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
Total killed or 
admitted to hospital 

 
1380 

 
1499 

 
1664 

 
1644 

 
1735 

 
1772 

 
2008 

 
2221 

 
2438 

 
2670 

 
2945 

Total injured 6165 7126 8047 7697 7724 8215 8401 9344 9923 11119 11565 
Injury Severity (%) 22.4 21.0 20.7 21.4 22.5 21.6 23.9 23.8 24.6 24.1 25.5 

 
Similar analysis for trends in driver injury severity recorded in the Queensland crash data was 
also carried out. Again there was evidence of a consistent trend over the period (Table 4b), 
although the trend here was in the opposite direction to that observed in the injury risk analysis 
above. 
 
 
 
 
 
Table 4b: Numbers of drivers of light passenger vehicles manufactured in 1982-96 and 
injured in crashes in Queensland during each of the years 1991-96. 
 

Year of Crash 1991 1992 1993 1994 1995 1996 
Total killed or 
Admitted to hospital 

 
918 

 
1506 

 
1708 

 
2044 

 
2168 

 
2049 

Total injured 1647 3074 3590 4221 4816 5049 
Injury Severity (%) 55.7 48.9 47.6 48.4 45.0 40.6 

 
4.6.3 Trends in the Combined Rate 

 
The driver injury rate (Table 3) and driver injury severity (Table 4), for each crash year during 
1987-97, were multiplied separately for Victoria and NSW combined and Queensland to form a 
Combined Rate (Table 5a,b).  The Combined Rate measures essentially the same risk (ie. of 
death or hospital admission for drivers involved in tow-away crashes) as the crashworthiness 
rating.  However it should be noted that it has not been adjusted for the effect of various factors 
(eg. driver age and sex, speed zone of the crash, etc.) in the same way as the rating scores. 
 
Table 5a: Combined Rate for drivers of light passenger vehicles manufactured in 1982-97 
and involved in tow-away crashes in Victoria and NSW during each of the years 1987-97. 
 

Year of Crash 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 
Injury Rate (%) 12.9 14.7 14.4 13.9 13.8 14.3 14.3 14.5 14.3 13.2 13.7 
Injury Severity (%) 22.4 21.0 20.7 21.4 22.5 21.6 23.9 23.8 24.6 24.1 25.5 
Combined Rate (%) 2.89 3.09 2.98 2.97 3.11 3.08 3.38 3.45 3.51 3.18 3.85 

 
Table 5b: Combined Rate for drivers of light passenger vehicles manufactured in 1982-96 
and involved in tow-away crashes in Queensland during each of the years 1991-96. 
 

Year of Crash 1991 1992 1993 1994 1995 1996 
Injury Rate (%) 20.8 22.1 23.0 24.3 25.7 26.2 
Injury Severity (%) 55.7 48.9 47.6 48.5 40.5 40.6 
Combined Rate (%) 11.6 10.8 10.9 11.8 10.4 10.6 
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It was concluded that there was evidence of consistent trends in the injury risk and injury 
severity ratios, upon which the crashworthiness analysis is based, over the crash years 
considered. Consequently, it was necessary to take account in the analysis the fact that later 
model cars have crashed only in the later years by including a year of crash variable in the 
covariate models described above. 
 
A further point illustrated by comparison of Tables 5a and 5b is the difference in average injury 
severity between crashes in NSW and Victoria and crashes in Queensland. The raw injury rate 
observed in Queensland is of the order of three times higher than that observed in NSW and 
Victoria. As mentioned, whether this is because crashes in Queensland are actually more severe 
or because of a reporting bias towards more severe crashes in Queensland is unclear. To 
compensate for this difference in the analysis in order to avoid a rating bias against those vehicle 
models driven more in Queensland, it was necessary to include a variable indicating state of 
crash in the covariate model. 
 
 
 
 

5. RESULTS 
5.1 Vehicle Crashworthiness Ratings 
 

5.1.1 Injury Risk 
 
Injury risk was estimated from the data on 518,726 drivers involved in tow-away crashes in 
NSW and Queensland (as described in Section 2.2). This data set is referred to as the "involved 
drivers". Because of missing values in one or more of the covariates driver sex and age, 
speedzone and number of vehicles involved in crash amongst the 518,726 involved drivers, the 
final file used for analysis consisted of the 450,951 drivers for which all the covariate data was 
complete. The "covariate" model for injury risk was determined from the variables described in 
Section 4.2.1. 
 
The following terms were significantly associated with injury risk and were included in the 
logistic model:  
 

Base effect 
terms 

First order 
interactions 

Second order 
interactions 

Third order interaction 

Sex Sex*State Sex*Age*Nveh Sex*Speedzon*Nveh*State 
Speedzone Speedzone*Nveh Speedone*Age*Nveh  
Age Sex*Nveh Sex*Nveh*State  
Nveh Sex*Age Speedzone*Nveh*State  
State Age*Nveh Sex*Speedzone*State  
Year Speedzone*State Sex*Speedzone*Nveh  
 Speedzone*Age Sex*Speedzone*Age  
 Nveh*State   
 Sex*Speedzone   
 
No other term significantly improved the fit of the logistic model 
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The overall (average) injury risk for involved drivers in tow-away crashes in NSW and 
Queensland, after adjusting for differences in the factors in the “covariate” model given above, 
was 14.80 per 100 drivers.  In other words, the probability that a driver involved in a tow-away 
crash in NSW or Queensland was injured was 14.80%, after adjusting for other significant 
factors. 
 
Appendix 2 gives the estimates of injury risk derived by logistic regression for 145 individual 
car models, or sets of car models.  Injury risk ranged from 7.87 % for the Honda Legend to 
32.58% for the Subaru Sherpa/Fiori. 
 
An estimate of the variability in the injury risk estimates was calculated from the width of the 
corresponding 90% confidence intervals.  Individual confidence interval widths ranged from 
0.85% (Falcon XD-XF) to 11.33% for the Rover Quintet. The small variability for the Falcon X 
series Sedan is not surprising since there were more cars of this model than any other in the data 
set and precision is known to improve with increasing sample size. 
 
The estimated injury risk for each market group is also given in Appendix 2. The luxury vehicles 
had the lowest injury risk (12.30%) and the passenger van market group had the highest 
(18.74%). 
 

5.1.2 Injury Severity 
 
The data on "injured drivers" covered 113,531 drivers of 1982-97 model vehicles who were 
injured in crashes in Victoria or NSW or Queensland during 1987-97 (as described in Section 
2.3). Because of missing values in one or more of the covariates amongst the 113,531 injured 
drivers, the final file used for analysis consisted of the 88,588 drivers for which all the covariate 
data was complete. The "covariate" model for injury severity was determined from the variables 
described in Section 4.2.1. 
 
The following terms were significantly associated with injury severity and were included in the 
logistic model: 
 

Base effect terms First order interactions 
Sex Sex*State 
Speedzone Speedzone*Nveh 
Age Age*Sex 
Nveh Nveh*State 
State State*Speedzone 
Year Age*Nveh 

 
No other term significantly improved the fit of the logistic model. 
 
The overall (average) injury severity for injured drivers, after adjusting for differences in the 
associated factors, was 23.60 per 100 drivers.  In other words, the probability that a driver 
injured in a crash was severely injured was 23.60 %, after adjusting for other significant factors. 
 
Appendix 3 gives the estimates of injury severity derived by logistic regression for 145 
individual car models, or sets of combined models.  Injury severity ranged from 12.09% for the 
Holden Jackaroo (1982-1991) to 41.70% for the Honda Prelude (1992-1996). 
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An estimate of the variability in the estimates of injury severity was calculated from the width of 
the corresponding 90% confidence intervals.  Individual confidence interval widths ranged from 
2.48% Ford Falcon XD-XF (82-88) to 33.06% for the Honda Concerto (1988-1993). 
 
The estimated injury severity for each market group is also given in Appendix 3. Luxury 
vehicles performed best with respect to injury severity (ie they had the lowest injury severity - 
22.50%).  The Sports car market group had the highest injury severity (24.74%). 
 

5.1.3 Crashworthiness Ratings 
 

The crashworthiness ratings for each car model and market group were obtained by multiplying 
the individual injury risk and injury severity estimates.  Because each of the two components 
had been adjusted for the confounding factors, the resultant crashworthiness rating is also 
adjusted for the influence of them. 
 
Crashworthiness ratings were obtained for the "average" car as well as for each individual model 
and market group after adjusting for the confounding factors. 
 
Appendix 4 gives the crashworthiness ratings and the associated 95% confidence intervals for 
each of the 145 car models included in the analyses. Appendix 4 also gives the crashworthiness 
ratings with 90% confidence limits for each of the 145 vehicle models.  Each rating is expressed 
as a percentage, representing the number of drivers killed or admitted to hospital per 100 drivers 
involved in a tow-away crash.  Overall ratings for the market groups are also given.  The table 
indicates the overall ranking of the crashworthiness rating point estimates from 1 (lowest or best 
crashworthiness rating) to 145 (highest or worst crashworthiness rating). 
 
Each crashworthiness rating is an estimate of the true risk of a driver being killed or admitted to 
hospital in a tow-away crash and as such each estimate has a level of uncertainty about it.  This 
uncertainty is indicated by the confidence limits in Appendix 4.  There is 95% probability that 
the confidence interval will cover the true risk of serious injury (death or hospital admission) to 
the driver of the particular model of vehicle.   
 
The ratings in Appendix 4 exclude those models where: 
 
• the width of the confidence interval exceeded 7, or 
 
• the ratio of the confidence interval width to the rating score exceeded 1.6 (this criterion was 

also necessary because smaller confidence intervals tended to occur for the lower rating 
scores, but the confidence intervals were relatively wide in proportionate terms). This 
exclusion criterion is more stringent than that used by Cameron et al (1994a,b) reflecting the 
greater accuracy afforded in the current ratings as a result of larger quantities of data. 

 
5.1.4 Comparisons with the All Model Average Rating 

 
The confidence limits can be used to judge whether the true risk of death or hospitalisation for a 
driver of a specific model car involved in a tow-away crash is really different from the overall 
average for all models, ie. 3.63 per 100 involved drivers.  An upper limit below the average is 
indicative of superior crashworthiness, whereas a lower limit above the average suggests inferior 
crashworthiness.  Other models also have crashworthiness ratings at the low or high end of the 
scale, but their confidence limits overlap the all model average.  Although such models may also 
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have superior or inferior crashworthiness characteristics, the database did not contain sufficient 
numbers of these models for the data to represent scientific evidence that this is the case. 
 
Twenty-seven models had ratings representing evidence of superior crashworthiness because 
their upper confidence limits were less than the average rating. Ten of these were large cars and 
a further eight were luxury models.  Two were classified as medium cars, five were four wheel 
drives whilst the last two were passenger car based commercial vehicles. The specific models 
were (in order of estimated risk of serious driver injury in a crash, from lowest to highest): 
 
• Volvo 700 Series (1984-92) 
• Mitsubishi Pajero (1992-97) 
• Range Rover (1982-97) 
• Honda Accord (1986-90) 
• Holden Jackaroo (1982-91) 
• Peugeot 505 (1982-93) 
• BMW 5 Series (1982-88) 
• Mercedes Benz 300-600 Series (1982-97) 
• Ford Maverick (1988-97) / Nissan Patrol (1988-1997) 
• Saab 900 (1982-94) 
• Mitsubishi Magna TE/TF and Verada KE/KF (1996-97) 
• Volvo 200 Series (1982-93) 
• Toyota Landcruiser (1990-97) 
• Mitsubishi Magna TR/TS and Verada KR/KS (1991-96) 
• Toyota Cressida (1989-1993)  
• Holden Commodore VR/VS (1993-97)/Toyota Lexcen (1993-97) 
• Ford Fairlane N series and LTD D series (1989-97) 
• Ford Falcon EF (1994-96) 
• Subaru Liberty (1989-94) 
• Ford Panel Van (1982-1997) 
• Holden Apollo JM/JP (1993-97) / Toyota Camry (1993-97) 
• Ford Falcon EA/EB Series I (1988-March 1992) 
• Ford Falcon ED/EB Series II (April 1992-94) 
• Ford Falcon Ute (1982-97) / Nissan XFN UTE (1988-90) 
• Holden Commodore VN/VP (1989-93)/Toyota Lexen (1989-93) 
• Ford Falcon XD-XF (1982-88) 
• Mitsubishi Magna TM-TP (1985-90) 
 
 Twenty-eight models had ratings representing evidence of inferior crashworthiness 
because their lower confidence limits were greater than the average rating. Twenty-one were 
small cars, three were light commercial vehicles, one was a family of passenger vans, two were 
medium cars and one was a four-wheel drive. The specific models were (in order of estimated 
risk of serious driver injury in a crash, from highest to lowest): 
 
• Subaru Sherpa/Fiori (1982-92) 
• Daihatsu Handivan (1982-90) 
• Suzuki Hatch (1982-85) 
• Suzuki Mighty Boy (1985-88) 
• Honda City (1983-86) 
• Daihatsu Mira (1990-96) 
• Ford Festiva WA (1991-93) / Mazda 121 (1987-90) 
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• Daihatsu Charade (1982-86) 
• Subaru Brumby (1982-93) 
• Holden Barina (1985-88) / Suzuki Swift (1985-88) 
• Daihatsu Charade (1994-97) 
• Daihatsu Charade (1988-93) 
• Mitsubishi Passenger Vans (1982-97) 
• Ford Festiva WB/WD (1994-97) 
• Suzuki Sierra (1982-97) / Holden Drover (1985-87) 
• Hyundai Excel (1995-97) 
• Honda Civic (1984-87) 
• Hyundai Excel (1982-89) 
• Mazda 121 (1991-96) 
• Holden Barina (1989-93) / Suzuki Swift (1989-94) 
• Hyundai Excel (1990-94) 
• Holden Astra (1984-86) / Nissan Pulsar/Vector  (1984-86) 
• Mitsubishi Colt (1982-88) 
• Mazda 323 (1982-88) / Ford Laser/Meteor (1982-89) 
• Toyota Hiace/Liteace (1982-97) 
• Holden Astra (1988-92) / Nissan Pulsar/Vector  (1988-92) 
• Holden Camira (1982-89) 
• Ford Telstar (1983-87) / Mazda 626/MX6 (1983-87) 
 

5.1.5 Comparison with previous ratings 
 
Addition of data from Queensland has affected the average level of crashworthiness measured in 
these ratings compared to previous ratings. The all model average crashworthiness rating 
estimated here is 3.66 serious driver injuries per 100 crash involvements as compared with 2.6 in 
the ratings of Newstead et al (1998) based on only Victorian and NSW data. A further question 
that is raised by the addition of data from Queensland is the effect this has had on the relative 
crashworthiness ratings of individual vehicle models. Ideally, it would be hoped that the addition 
of extra crash data to estimate crashworthiness ratings would not alter the relative ratings of 
individual vehicle models but only serve to increase the accuracy of the ratings. It is hoped the 
extra complexity introduced in the covariate models for injury risk and severity would facilitate 
the desired consistency in the ratings by adjusting for any differences in data between states. 
 
To assess the effect addition of Queensland data has made, crashworthiness ratings based on 
1987-96 Victorian and NSW data (Newstead et al 1998) have been plotted against the 
crashworthiness ratings estimated here including Queensland data for the 125 vehicle models 
assessed under both analyses. Figure 1 shows this comparison. 
 
As evident from examination of Figure 1, the majority of points lie on or near a straight line. 
This shows that the relative crashworthiness ratings between vehicles estimated here using data 
from Queensland as well as Victoria and NSW are consistent with those estimated by Newstead 
et al (1998) using only Victorian and NSW data. Addition of crash data from Queensland has 
only resulted in an increase in the average crashworthiness rating across all vehicles and not a 
change in the relative rating of one vehicle model to the next. 
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FIGURE 1 
Comparison of estimated crashworthiness ratings: 

Vehicles rated using both 1987-96 Victorian and NSW data and 
1987-97 Victorian and NSW and 1991-96 QLD Data 
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FIGURE 2 
Comparison of crashworthiness rating coefficients of variation: 
Vehicles rated using both 1987-96 Victorian and NSW data and 

1987-97 Victorian and NSW and 1991-96 QLD Data 
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Figure 2 shows the effect the addition of extra crash data, including Queensland, has had on the 
estimation accuracy of the crashworthiness ratings. Figure 2 shows the coefficients of variation 
of the crashworthiness ratings of Newstead et al (1998) based on 1987-96 Victorian and NSW 
data plotted against those estimated in this report for the same 125 vehicle models assessed in 
both ratings and shown in Figure 1. The coefficient of variation is a scale independent measure 
of the estimation accuracy of the crashworthiness rating, being the estimated rating divided by 
the standard error of the estimate. It is necessary to use a scale independent measure to 
compensate for the effects of the noted shift in average crashworthiness rating between these 
ratings and those of Newstead et al (1998).  
 
The diagonal line in Figure 2 represents the line of equivalent estimation accuracy between the 
two sets of ratings. As evident from Figure 2, all of the points lie on or above the line of 
equivalent estimation accuracy, with the majority of points above the line. This shows that there 
is a higher degree of accuracy, as reflected in reduced coefficients of variation, in the estimated 
crashworthiness ratings presented in this report as compared to those of Newstead et al (1998). 
This is a direct result of the greater volumes of data used in the analysis stemming from the 
addition of Queensland data and 1997 data from both Victoria and NSW. 
 

5.2 Crashworthiness by Year of Manufacture  
 

5.2.1 Injury Risk 
 
Injury risk was estimated from the data on 1,292,150 drivers involved in tow-away crashes in 
NSW and Queensland (as described in Section 2.2.3).  This data set is referred to as the 
"involved drivers".  Because of missing values of some of the factors to be included in the 
logistic regression, and the exclusion of pre-1964 vehicles and unknown years, analysis was 
performed on data relating to 878,621 involved drivers, 144,494 of whom were injured. 
 
The "covariate" model for injury risk was determined from the variables described in Section 
4.2.1 The following covariates and interactions were statistically significantly associated with 
injury risk and were included in the logistic regression model.  
 

 
Base effect 

terms 
First order 
interactions 

Second order 
interactions 

Sex Sex*Speedzone Speedzone*Sex*Nveh 
Nveh Speedzone*Nveh Sex*Speedzone*Age 
Speedzone Sex*Nveh  
Age Speedzone*Age  
State Age*Sex  
Year (of crash)   

 
No other variable or interaction term significantly improved the fit of the logistic model. 
 
The overall (average) injury risk for involved drivers in tow-away crashes in NSW, after 
adjusting for the significant main effects and interactions described above, was 16.07%.  In other 
words, the estimated probability that a driver involved in a tow-away crash in NSW was injured 
was 16.07%, after adjusting for other significant factors. 
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Appendix 5 gives the estimates of injury risk derived by logistic regression for the individual 
years of manufacture. The variability in the injury risk estimates relative to the year of 
manufacture can be seen from the width of the corresponding 95% confidence intervals. 
 

5.2.2 Injury Severity 
 
The data on "injured drivers" covered 309,729 drivers who were injured in crashes in Victoria or 
NSW during 1987-97 or Queensland during 1991-96 (as described in Sections 2.1 and 2.2.3).  
Because of missing values of some of the associated crash factors, and the exclusion of pre-1964 
vehicles and unknown years, logistic regression was performed on data relating to 184,716 
injured drivers, 44,918 of whom were severely injured (killed or admitted to hospital). 
 
The "covariate" model for injury severity was determined from the variables described in 
Section 4.2.1. The analysis identified a number of statistically significant covariate effects. 
These were:  
 

 
Base effect 

terms 
First order 
interactions 

Second order 
interactions 

Sex Speedzone*Nveh Sex*State*Age 
Age Sex*Age Age*Nveh*State 
Speedzone Age*State Speedzone*Nveh*State 
Nveh Nveh*State  
State Age*Nveh  
Year (of crash) Sex*State  

 
No other variable or interaction term significantly improved the fit of the logistic model. 
 
The overall (average) injury severity for injured drivers, after adjusting for differences in the 
associated factors, was 24.32%. In other words, the estimated probability that a driver injured in 
a crash was severely injured was 24.32%, after adjusting for the significant factors described 
above. 
 
Appendix 6 gives the estimates of injury severity derived by logistic regression for the 
individual years of manufacture. The variability in the estimates of injury severity relative to 
year of manufacture can be seen from the width of the corresponding 95% confidence intervals. 
 
 

5.2.3 Crashworthiness by Year of Manufacture 
 

The crashworthiness estimates for each year of manufacture were obtained by multiplying the 
individual injury risk and injury severity estimates.  Because each of the two components has 
been adjusted for the confounding factors, the resultant crashworthiness estimate is also adjusted 
for the influence of them. 
 
Appendix 7 gives the crashworthiness estimates and the associated 95% confidence intervals for 
each of the 34 years of manufacture included in the analysis. Each estimate is expressed as a 
percentage, representing the number of drivers killed or admitted to hospital per 100 drivers 
involved in a tow-away crash.   
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The true risk of a driver being killed or admitted to hospital in a tow-away crash is only 
estimated by each figure, and as such each estimate has a level of uncertainty about it. This 
uncertainty is indicated by the confidence limits in Appendix 7. There is 95% probability that 
the confidence interval will cover the true risk of serious injury (death or hospital admission) to 
the driver of a vehicle of the particular year of manufacture. 
 
The crashworthiness estimates and their confidence limits are plotted for each year of 
manufacture in Figure 3.  The relatively wide confidence intervals observed on the estimates of 
crashworthiness for years of manufacture 1964 to 1969 and 1997 are a reflection of the smaller 
numbers of crashes involving vehicles manufactured in these years appearing in the data. 
 
Figure 3 shows general and significant improvement in vehicle crashworthiness with increasing 
year of manufacture over the years considered. Specifically, little improvement can be seen in 
the years 1964 to 1969 followed by rapid improvement over the period 1970 to 1978 with a 
plateau from 1979 to 1984. There is visual evidence of a decreasing trend in the period after 
1984 with vehicles manufactured after 1991 being statistically significantly safer on average 
than those manufactured before 1986. 
 
To summarise the magnitude of the improvement in crashworthiness seen in vehicles during the 
1970's, the average crashworthiness estimate for the 1978-82 year vehicles was compared with 
the average for those manufactured during 1964-69.  This showed a reduction of approximately 
36% in the risk of serious injury for drivers involved in tow-away crashes between these two 
time periods. Further statistically significant improvements in crashworthiness have also been 
observed over the period 1986 to 1996. Comparing average crashworthiness of vehicles 
manufactured in the period 1978-82 with those manufactured from 1992-97 showed a further 
28% reduction. 
 
The injury risk component of the crashworthiness estimate, together with its 95% confidence 
limits, is plotted in Figure 4.  In a similar way, the injury severity component is plotted in Figure 
5.  Examination of these figures together shows the improvements in crashworthiness with year 
of manufacture observed in Figure 3 are due largely to a decrease in the probability of any injury 
given crash involvement (injury risk) with year of manufacture shown in Figure 4.  There was a 
strong downward trend in injury risk with vehicle year of manufacture whilst Figure 5 shows a 
weaker, but still of the same general trend, effect of vehicle year of manufacture on injury 
severity. Of note, however, is the apparent downward trend in injury severity for vehicles 
manufactured since 1991, of similar magnitude to the trend observed between 1970 and 1978.  
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FIGURE 3 
Crashworthiness by year of manufacture 

(with 95% confidence limits) 
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FIGURE 4 
Injury risk by year of manufacture 

(with 95% confidence limits) 
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FIGURE 5 
Injury severity by year of manufacture 

(with 95% confidence limits) 
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5.2.4 Discussion on the Analysis of Crashworthiness by Year of Manufacture  
 
The findings of this research are closely consistent with those of the original study by Cameron 
et al (1994a). This is as expected given that the data used in the analysis here is an extension of 
that used in Cameron et al’s study with the addition of crashes occurring in Victoria and NSW 
during 1993 to 1997 and Queensland during 1991-96. As shown by Cameron et al, after a period 
of little change during the late 1960's, there was rapid improvement over the years from about 
1970 to 1979. Drivers of vehicles manufactured during these years could be expected to have 
benefited from the implementation of a number of Australian Design Rules (ADRs) for motor 
vehicle safety which previous research has shown to be effective in providing occupant 
protection (Cameron 1987), namely: 
 
• ADR 4 (seat belts fitted in front seats) from January 1969 
• ADR 2 ("anti-burst" door latches and hinges) from January 1971 
• ADR 10A ("energy-absorbing" steering columns) also from January 1971 
• ADR 22 (head restraints) from January 1972 
• ADR 10B (steering columns with limited rearward displacement) from January 1973 
• ADR 4B (inertia reel seat belts fitted in front seats) from January 1975 
• ADR 22A (minimum-height adjustable head restraints) from January 1975 
• ADR 29 (side door strength) from January 1977. 
 
In addition, the following ADRs introduced over the same period could also be expected to have 
provided increased injury protection for drivers: 
 
• ADR 5A (seat belt anchorage points for front seats) from January 1969 
• ADR 3 (strengthened seat anchorages) from January 1971 
• ADR 8 (safety glass in windscreens and side windows) from July 1971 
• ADR 11 ("padded" sun visors) from January 1972 
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• ADR 14 ("breakaway" rear vision mirrors) from January 1972 
• ADR 21 ("padded" instrument panels) from January 1973 
• ADR 4A (improved seat belt buckles), effective from April 1974 
• ADR 5B (improved location of seat belt anchorages) from January 1975 
• ADR 4C (dual-sensing locking retractor inertia reel seat belts) from January 1976. 
 
The years of implementation of these ADRs are shown on Figure 3 for comparison with the 
crashworthiness estimates for the vehicles manufactured during the 1970's. 
 
This study extends previous work to provide estimates of the relative crashworthiness of 
vehicles manufactured in 1997. For a number of reasons, it may have been expected that these 
years of manufacture have shown an improvement in crashworthiness. Improvement may have 
stemmed from vehicle manufacturer reaction to two areas of activity in vehicle safety which 
have emerged during the 1990’s, namely; 
 
• The introduction of programs to advise consumers of relative vehicle safety. Vehicle 

crashworthiness ratings ranking vehicles’ relative driver protection based on real crash data 
were first published in 1992 and updated in 1994, 1996 and 1998 (Cameron, Newstead and 
Le (1998)). The Australian New Car Assessment Program, which rates relative driver and 
front left passenger protection based on controlled laboratory impact testing of vehicles, first 
published test results in April 1993 for 9 popular vehicle models. To date ANCAP has 
published relative safety ratings for over 50 vehicle models (see Figure 1). 

• Drafting of Australian Design Rule (ADR) 69 specifying standards for frontal impact 
occupant protection in passenger cars as part of the Motor Vehicle Standards Act. ADR 69 
was approved as a national standard by the Minister for Land Transport on 16th December 
1992, coming into effect for all newly released car models on 1st July 1995 and for all new 
passenger cars sold from 1st January 1996. 

 
It might be expected that consumer vehicle safety advice such as crashworthiness ratings and 
NCAP, which rate a vehicle’s relative occupant protection, may encourage vehicle 
manufacturers to consider safety as a top priority in vehicle design so as to have their product 
perform well in these safety ratings. The implementation of ADR 69 occurred at the beginning 
of the second last year of vehicle manufacture on which this study focuses. It is also possible 
that manufacturers worked towards meeting this standard in their new vehicles from its approval 
in December 1992, hence showing benefits over the period 1993 to 1997. 
 
Figure 3 shows general and significant improvement in vehicle crashworthiness with increasing 
year of manufacture over the years considered. It should be noted that whilst the trend in 
crashworthiness during the 1990s was not statistically significant, vehicles manufactured over 
the period 1990 to 1997 have an average crashworthiness statistically significantly better than 
those manufactured before 1985.  
 
Further updates of the study planned for the future and adding additional years’ crash data  will 
also improve the statistical accuracy of estimated crashworthiness for the years 1992 onwards. In 
this study, these years estimates have relatively wide confidence limits reflecting the smaller 
quantities of crash data for vehicles manufactured in these years, particularly 1997. 
 

6. CONCLUSIONS 
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Additional crash data has enabled the crashworthiness ratings to be obtained for a larger range of 
car models than previously now covering 145 different vehicle models. The new data set has 
been able to produce more up-to-date and reliable estimates of the crashworthiness of individual 
car models than those published previously. 
 
The rating scores estimate the risk of a driver being killed or admitted to hospital when involved 
in a tow-away crash, to a degree of accuracy represented by the confidence limits of the rating in 
each case.  The estimates and their associated confidence limits are sufficiently sensitive that 
they are able to identify 55 models of passenger cars, four-wheel drive vehicles, passenger vans 
and light commercial vehicles that have superior or inferior crashworthiness characteristics 
compared with the average vehicle. 
 
The crashworthiness of passenger vehicles (cars, station wagons, four wheel drives, vans and 
taxis), measured by the risk of the driver being killed or admitted to hospital as the result of 
involvement in a tow-away crash, has been estimated for the years of manufacture from 1964 to 
1997. This study further updates the original one by Cameron et al (1994a) for years of 
manufacture 1964 to 1992. It shows similar patterns of improvements in crashworthiness with 
the greatest gains over the years 1970 to 1979 during which time a number of new Australian 
Design Rules aimed at occupant protection took effect. Further gains in crashworthiness have 
also been observed over the years 1986 to 1997. 
 

7. ASSUMPTIONS AND QUALIFICATIONS 
 
The results and conclusions presented in this report are based on a number of assumptions and 
warrant a number of qualifications that the reader should note. These are listed in the following 
sections. 
 

7.1 Assumptions 
It has been assumed that: 
 
• TAC claims records and NSW and Queensland Police crash reports accurately recorded 

driver injury, hospitalisation and death. 
 
• There was no bias in the merging of TAC claims and Victorian Police crash reports related 

to the model of car and factors affecting the severity of the crash. 
 
• Crashed vehicle registration numbers were recorded accurately on Police crash reports and 

that they correctly identified the crashed vehicles in the Victorian, NSW and Queensland 
vehicle registers. 

 
• The adjustments for driver sex, age, speed zone, the number of vehicles involved, the state of 

crash and year of crash removed the influences of the main factors available in the data that 
affected crash severity and injury susceptibility. 

 
• The form of the logistic models used to relate injury risk and injury severity with the 

available factors influencing these outcomes (including the car models) was correct. 
 

7.2 Qualifications 
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The results and conclusions warrant at least the following qualifications: 
 
• Only driver crash involvements and injuries have been considered.  Passengers occupying 

the same model cars may have had different injury outcomes. 
 
• Some models with the same name through the 1982-97 years of manufacture may have 

varied substantially in their construction and mass.  Although there should be few such 
models in these updated results, the rating score calculated for these models may give a 
misleading impression and should be interpreted with caution. 

 
• Other factors not collected in the data (eg. crash speed) may differ between the models and 

may affect the results.  However, earlier analysis has suggested that the different rating 
scores are predominantly due to vehicle factors alone (Cameron et al 1992). 
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APPENDIX 1 
 
 
 
 
 
 
 
 
 

MAKES AND MODELS OF CARS INVOLVED IN 
VICTORIAN AND NSW CRASHES DURING 1987-97 
AND QUEENSLAND CRASHES DURING 1991-96 
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LOGISTIC REGRESSION ESTIMATES OF 
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LOGISTIC REGRESSION ESTIMATES OF 
INJURY SEVERITY BY MODEL AND MARKET GROUP 
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CRASHWORTHINESS RATINGS OF 
1982-97 MODELS OF CARS INVOLVED IN 

CRASHES DURING 1987-97 
with 

(1) 95 % CONFIDENCE LIMITS 
(2) 90 % CONFIDENCE LIMITS 
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