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EXECUTIVE SUMMARY 

The aim this study was to investigate whether the correlation between vehicle secondary 
safety ratings developed from crash tests conducted by the Australasian New Car 
Assessment Program (ANCAP) and those developed using real world crash data could be 
improved. The research investigated how ANCAP test scores could be re-weighted to 
improve their relationship with the Used Car Safety Rating (UCSR) crashworthiness scores 
derived using Australasian police reported crash data. The re-weighted ANCAP scores 
were then examined to determine whether they reflected relationships that would be 
expected from existing knowledge of injury outcomes real world crashes and the ANCAP 
crash tests. In addition to this, Transport Accident Commission (TAC) claims data, which 
contain information on body regions injured for each claimant, were used to compare 
whether the alternative weightings of the body region sub-scores from each ANCAP crash 
test derived through the analysis reflected real world injury distributions.  

ANCAP crash test results for 171 models tested in the period 1997 to 2007 were 
investigated. Australasian UCSR crashworthiness estimates were available for 69 of these 
models. Analysis of the correlation between the overall ANCAP test scores and the UCSR 
crashworthiness estimates indicated that approximately 35% of the variation in the UCSR 
crashworthiness estimates for the 69 vehicle models could be explained by the overall 
ANCAP test score as currently calculated.  

Logistic regression was used to determine the relative weighting of components of the 
ANCAP test score so that the correlation with the UCSR crashworthiness ratings could be 
maximised subject to various restriction on the re-weighting of the ANCAP test scores. 
The re-weighted overall ANCAP scores derived from the logistic regression models were 
then compared with the UCSR crashworthiness estimates for each model. The R-squared 
value of a linear regression between the re-weighted ANCAP estimates and the UCSR 
crashworthiness estimates was used to assess how each strategy to re-weight the ANCAP 
scores improved the correlation with the UCSR crashworthiness estimates. 

In order to determine the extent to which the current ANCAP scoring system needed to be 
modified to improve the relationship with the UCSR crashworthiness rating, the following 
strategies to re-weight ANCAP scores were explored through restricting the form of the 
logistic models: 

 Using aggregated frontal offset crash test scores and wide object side impact crash 
test scores only in the models;  

 Using body region sub-scores from each crash test;  

 Using the minimum body region sub-score from each crash test;  

 Using the product of body region sub-scores from each test; and  

 Applying a stepwise selection modelling technique using the ANCAP body region 
sub-scores from each crash test to construct a model with the best predictive power.  

The effects of including vehicle mass and ANCAP bonus points associated with seatbelt 
reminder systems and performance in the optional side impact pole test as factors in the 
model were also investigated.  
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Results from the logistic regression modelling identified that, in general, better (increasing) 
scores in the wide object side impact test and the frontal offset test were associated with 
better crashworthiness performance (reduced risk of serious injury to the vehicle driver in a 
crash). When including only the aggregate ANCAP side impact and offset frontal impact 
scores in the model, scores in the frontal offset ANCAP test had a much greater predictive 
power of UCSR crashworthiness than scores for the wide object side impact test. This was 
also true for models in which the scores for each ANCAP crash test were defined in terms 
of the product of body region sub-scores or the minimum body region sub-score.  

Analysis of TAC claims data indicated that a greater proportion of seriously injured road 
users were injured in frontal collisions compared with side impacts. This may explain to 
some extent why the crashworthiness estimates based on real world data were more 
sensitive to changes in the ANCAP frontal offset test score than changes in the ANCAP 
wide object side impact score. However, it is likely that other factors are also contributing 
to the lower predictive power of the wide object side impact score in predicting UCSR 
crashworthiness estimates. The wide object side impact crash test show much lower 
variation in performance between vehicles compared to the offset frontal crash 
performance. This might indicate that the ANCAP side impact test may be too close to the 
regulatory standard for side impact protection when compared with the frontal offset test. 

For models that considered the effects of adjusting for pole test and seat belt reminder 
bonus points, bonus points for performance in both these items were found to be associated 
with a reduced risk of serious injury. Furthermore, models that included the bonus points 
as covariates resulted in better correlation with the UCSR crashworthiness rating than 
models that did not include the bonus points. 

In models that included vehicle mass as a covariate, it was found that the risk of serious 
injury as measured by the UCSR crashworthiness metric reduced with increasing mass. 
Furthermore, models that included vehicle mass along with the ANCAP scores better 
predicted crashworthiness estimates derived using real world crash data than models that 
did not include vehicle mass as a covariate. This reflects that the frontal offset crash test 
and to some degree the wide object side impact test are designed to replicate crashes 
between vehicles of equal mass compared the UCSR crashworthiness which is not adjusted 
for the effects of vehicle mass. The base relationship between vehicle mass and 
crashworthiness was explored in some detail. It was concluded that the relationship 
between vehicle mass and crashworthiness was not a necessarily simple one and that a 
greater understanding of this relationship though specific research focusing on this issue 
may improve the way in which vehicle mass can be included in models of real world crash 
injury outcomes such as those derived in this study. 

The models that resulted in the best predictions of real world crashworthiness estimates 
and from ANCAP score components were those that included the body region sub-scores 
from each of the crash tests as covariates, along with vehicle mass. Including each body 
region sub-score, vehicle mass and bonus points associated with seatbelt reminder systems 
and the optional side impact pole test in the model, resulted in a model which explained 
65% of the variation in the UCSR crashworthiness ratings. This was a significant 
improvement over the current ANCAP overall scoring protocol which explains only 35% 
of the variation in the UCSR crashworthiness ratings. When a stepwise selection method 
was used to select only the best predictive subset of ANCAP component measures in the 
model the proportion of variation explained rose to 66%. These results demonstrate that 
calculating the total score for the ANCAP frontal offset test and the side impact test by 
simply adding body region sub-scores, as is currently done, does not result in an the 
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highest possible correlation between ANCAP occupant protection scores and 
crashworthiness estimates derived from real world data. 

For models that re-weighted the body region sub-scores from the wide object side impact 
crash test and the frontal offset crash test, it was found that most of the coefficients 
associated with each body region had the expected direction of relationship. That is a better 
body region score was associated with a better UCSR crashworthiness rating. The only 
exception was the head sub-score for the frontal offset crash test, which was had a 
relationship opposite to that expected and was statistically significantly (p<0.05). In other 
words higher scores in the ANCAP frontal offset test for the head were associated with 
poorer UCSR crashworthiness scores. It is difficult to explain why this is the case. 
Analysis of TAC claims data show that for all types of impacts, the head was the body 
region to be most-commonly seriously injured. One would therefore expect that measuring 
the risk of head injury in different crash tests should be a relevant predictor of overall 
serious injury risk in the real world. Two possible reasons for this apparently anomalous 
result have been identified. Firstly, it is possible that the good head protection offered to 
drivers in the frontal offset test is offered at the cost of protecting other body regions in a 
wider range of crashes. Secondly, the measurements taken during the frontal offset crash 
test to estimate the level of head protection a vehicle provides (through the Head Injury 
Criteria) may not accurately reflect the real risk of serious head injury. This result needs 
further exploration however previous research has questioned the value of the Head Injury 
Criteria, on which the ANCAP head score is based, on representing real world head injury 
risk. 

Analysis of TAC claims data also show potential ways in which ANCAP crash tests could 
be enhanced to improve the correlation between ANCAP scores and crashworthiness 
estimates based on real world data. The claims data showed that serious leg injuries are 
almost as common in side impact crashes as they are in frontal impact crashes. However, 
while measurements of the risk of serious injury to the leg do contribute to the overall 
score for the frontal offset crash test, they do not contribute to the overall score for the 
wide object side impact crash test. It is possible that the correlation between the UCSR 
crashworthiness estimates and ANCAP scores could be improved if the ANCAP testing 
protocol included measurements of the risk of serious injury to the legs in the wide object 
side impact crash test.  

Ways of improving the correlation between the ANCAP and UCSR crashworthiness 
measures were also explored with a focus on injury distributions for other body regions 
such as the upper extremities and the abdomen and pelvic region. For the latter, it was 
found that although the TAC claims data indicate that serious injuries to the abdomen and 
pelvic region only occur relatively infrequently in cases of a road user being seriously 
injured, the ability of a vehicle to protect against injuries to the pelvic region in the wide 
object side impact crash test was a good predictor of the UCSR crashworthiness measure. 
It is possible that the pelvis sub-score for the wide object side impact test is a good 
predictor of serious injuries to other body regions adjacent to the pelvis such as the spine or 
chest that are injured more often in real world crashes. 

In summary, Analysis undertaken in this study has shown that the correlation between 
ANCAP scores and the UCSR crashworthiness estimates could be improved greatly by 
weighting the component ANCAP measures differently from how they are combined in the 
current ANCAP summary measure. Two broadly different approaches have been utilised to 
achieve this. The first re-weighted the current summary scores from the offset frontal and 
side impact test the second re-weighted each of the individual body region scores from 
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each test. The second method produced slightly higher correlation with the UCSR 
crashworthiness measure however the first method had better face validity when validated 
against real world crash and injury distributions. Consequently, a new ANCAP summary 
measure based on the first method would be preferred for adoption in practice. 

Including bonus points given for performance in the optional side impact pole test and the 
presence of seatbelt reminder systems improved the relationship with the UCSR 
crashworthiness measure in all instances. Including vehicle mass in the new ANCAP 
summary scores investigated resulted in the highest correlations with the UCSR 
crashworthiness measure. However including mass effects in an ANCAP summary 
measure is problematic from the perspectives of the objectives of ANCAP and would need 
to be considered carefully. At best, the new ANCAP summary measures proposed could 
explain between 55% and 65% of the variation in UCSR crashworthiness scores 
highlighting that the current ANCAP protocols still do not reflect all important real world 
crash configurations and injury outcomes to key body regions. 
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PREDICTING THE USED CAR SAFETY RATINGS 
CRASHWORTHINESS RATING FROM ANCAP 

SCORES 

1. INTRODUCTION 

1.1 BACKGROUND 

Within Australasia there are currently two prominent sources of information available to 
consumers rating the relative secondary safety of vehicles; the Australasian New Car 
Assessment Program (ANCAP) and the Used Car Safety Ratings (UCSRs), the latter 
produced by the Monash University Accident Research Centre (MUARC).  

ANCAP aims to provide information to consumers about the level of protection provided 
by specific vehicle models in serious front and side impact crashes. Vehicles are awarded a 
star rating up to a maximum of 5 stars on the basis of the vehicle’s performance across a 
range of measures obtained from a series of defined crash tests undertaken in laboratories. 
The ANCAP program is supported by the major automobile clubs and government road 
and transport authorities in Australia and New Zealand. Whilst being focused primarily on 
secondary safety performance, the ANCAP scoring system also accommodates primary 
safety performance in the form of assessing whether Electronic Stability Control is fitted to 
the vehicle. Only the occupant protection tests are the focus of this study. 

The crashworthiness component of the UCSRs produced by MUARC aims to provide 
information to purchasers of second hand vehicles about the relative risk of death or 
serious injury to drivers of vehicles when involved in a crash. These ratings are derived by 
applying advanced statistical techniques to police reported crash data from Australia and 
New Zealand to estimate the contribution of vehicle design and safety feature specification 
to injury outcomes. As far as possible, the effects of the driver demographics and crash 
circumstances are controlled in the analysis to leave the ratings only reflecting vehicle 
related effects on injury outcomes. The UCSRs are also supported by the major automobile 
clubs and government road and transport authorities in Australia and New Zealand.  

Ostensibly, both ANCAP and UCSRs are concerned with rating vehicle secondary safety 
performance, albeit using different methods. In the interests of providing consistent 
consumer information on relative vehicle safety, it would be hoped that the relative safety 
ratings provided by ANCAP and the UCSR crashworthiness measure are highly consistent. 
Because of this, it is relevant to assess the consistency between the two measures in rating 
relative vehicle secondary safety where data is available from both sources for identical 
vehicle makes and models.  

Such an analysis was conducted in the European context by Delaney, Newstead & 
Cameron (2006) as part of the European Commission funded SARACII program. Their 
study identified 138 models of vehicles that had been given crash test scores under the 
EuroNCAP program  of which 69 had sufficient police reported crash data to develop 
reliable crashworthiness scores for comparison. A principal finding from the study was that 
there was a correlation between ANCAP and UCSR crashworthiness ratings with vehicles 
with a higher ANCAP star rating having superior UCSR crashworthiness on average. 
However, they also identified that this correlation was not very high with significant 
variation observed in the UCSR crashworthiness ratings for vehicles with the same 
ANCAP star rating.  
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In an attempt to improve the relationship between the two measures, Delaney, Newstead & 
Cameron (2006) investigated alternative weightings for the component crash test measures 
making up the EuroNCAP scores. They constructed regression models of the real world 
crashworthiness ratings for these 69 models as a function of both vehicle mass and the 
EuroNCAP component test scores. It was found that a better relationship with the 
crashworthiness ratings derived from real world data could be achieved by re-weighting 
the EuroNCAP component crash test measures. In particular, re-weighting the EuroNCAP 
crash test measures and adjusting for the role of vehicle mass, improved the fit between the 
EuroNCAP score and the crashworthiness ratings derived from real world crash data from 
an R-squared value of 0.1088 to 0.5235 (with the R-squared value representing the 
proportion of variation in the crashworthiness rating explained by the measure derived 
from the NCAP scores).  

In their approach, Delaney, Newstead & Cameron (2006) re-weighted the EuroNCAP 
crash test component measures into a new summary score with the sole aim of optimising 
the correlation and no other constraints were set. In particular, the component weightings 
in the new score were not constrained to have entirely plausible relationships with 
individual biomechanical measures. For example, the correlation between the crash test 
head injury measure and real world injury risk did not have to be positive as would be 
expected based on biomechanical information. Delaney, Newstead & Cameron (2006) 
reported that the re-weighted scores derived from their regression model indicated that 
“improved performance in the EuroNCAP front impact test is associated with inferior real 
world injury outcome whilst improved performance in the EuroNCAP side impact test is 
associated with improved real world injury outcome” (p.28). The inverse relationship 
between frontal impact crash test scores and crashworthiness was not expected, nor could it 
be explained using the physical properties of the cars tested or the EuroNCAP test 
procedures. The counter intuitive results mean that although the new summary EuroNCAP 
score based measure better predicted the real world crashworthiness measure, it lacked 
face validity and hence was unlikely to be adopted by EuroNCAP as a summary rating 
score. 

1.2 AIMS AND SCOPE 

This study aimed to re-visit the SARACII research and investigate whether the correlation 
between vehicle secondary safety ratings developed from crash tests and those developed 
using real world crash data can be improved in the Australasian setting. In particular, the 
research aimed to assess whether the component ANCAP crash test measures could be re-
weighted into a new summary measure that had a closer relationship with Used Car Safety 
Rating (UCSR) crashworthiness scores derived from Australasian crash data. This aim was 
similar to that of the work of Delaney, Newstead & Cameron’s (2006) investigation. 

This research also aimed to extend the work of Delaney, Newstead & Cameron’s (2009) by 
examining whether the new weightings assigned to each ANCAP crash test component in 
the summary score reflect relationships that would be expected from existing knowledge 
concerning the physical properties of real world crashes. To avoid the potential of newly 
assigned weightings being counter to existing knowledge, the study aimed to pursue 
restricted methods of re-weighting if necessary. Several methods of identifying alternative 
weightings were considered, with each involving re-weighting body region sub-scores 
from the different crash tests in the ANCAP protocol. Transport Accident Commission 
(TAC) insurance claims data for road crash injury compensation, which contain 
information on the body regions injured for each claimant was used to compare whether 
the alternative weightings of the body region sub-scores reflect real world injury 
distributions reflected in the claims data.  
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It was envisaged that the results of the analysis would highlight potential changes to the 
weighting of ANCAP test score components to improve the consistency of the overall 
ANCAP score with UCSRs in rating relative secondary safety performance of vehicles. 
Furthermore, restricting the analysis to ensure that the re-weighted summary ANCAP score 
components are consistent with existing knowledge of the physical properties of real world 
crashes would increase the acceptability of adopting the proposed new ANCAP summary 
score for real world application.  

1.3 A BRIEF INTRODUCTION TO ANCAP 

The ANCAP crash test protocols are the same as that used under EuroNCAP. However, it 
is opportune to briefly explain how a rating for the safety of a particular vehicle is 
determined under ANCAP. 

The ANCAP score for each vehicle model tested is the sum of the following separate 
scores:  

 a score that rates the vehicle’s performance in a frontal offset crash test;  

 a score that rates performance in a side impact (referred to here for clarity as the 
wide object side impact test);  

 bonus points associated with performance in an optional side impact pole test; and 

 bonus points awarded for the fitment of an advanced seatbelt reminder system.  

A maximum of sixteen points can be awarded for performance in each of the two 
mandatory crash tests. Up to two bonus points are available if the vehicle performs well in 
the optional side impact pole test, while three bonus points are available if each seat in the 
vehicle is fitted with an advanced seatbelt reminder system (less than three points are 
awarded if the seatbelt reminder system is not fitted on all seats in the vehicle).  

For the frontal offset crash test, a maximum of four points are awarded for the ability of the 
vehicle to protect the following four groups of body regions:  

1) head and neck;  

2) chest;  

3) knee, femur and hip (which will be referred to as the “upper leg” body region from 
this point forward); and 

4) leg and foot (which will be referred to as the “lower leg”) 

Similarly, for the wide object side impact crash test, a maximum of four points can be 
awarded for the vehicle’s ability to protect the following four body regions: 

1) head; 

2) chest; 

3) abdomen; and 



4 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

4) pelvis. 
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2. DATA 

ANCAP crash test results conducted from 1997 to 2007 were collated and covered 
results for 171 models, including 23 of the 70 EuroNCAP crash tested vehicle models 
studied by Delaney, Newstead & Cameron (2006). Of the 171 models, some had 
insufficient data for a reliable crashworthiness rating to be estimated from police 
reported crash data as reported in Newstead, Watson & Cameron (2009). Used Car 
Safety Ratings are not estimated for vehicle models where there are less than 20 injured 
drivers and/or less than 100 involved drivers in the Australasian crash data as the 
resulting ratings estimates from smaller quantities of data than this are considered too 
statistically unreliable. Of the 171 models for which ANCAP crash data were available, 
crashworthiness estimates based on Australasian data were available for 69 vehicle 
models. Table A1 in Appendix A shows the UCSR crashworthiness estimates and the 
aggregated ANCAP score for each of the 69 models used in the analyses. 
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3. METHODOLOGY 

The first part of this project followed very closely the methodology employed by Delaney, 
Newstead & Cameron (2009) as part of sub-task 2.4 of the SARAC II work program albeit 
the focusing on the relationship between ANCAP test scores and UCSR crashworthiness 
ratings derived from Australasian rather than European crash data. The Australasian 
crashworthiness estimates used in this report were taken from the 2009 release of the Used 
Car Safety Ratings by Newstead, Watson & Cameron (2009). 

The analysis was divided into three components, each of which considers changes to the 
weighting of different components of the ANCAP test score that may improve the 
correlation with UCSR crashworthiness estimates. The first analysis component considered 
the relative weighting of the frontal offset score and the side impact score. The second 
analysis component considered the relative weighting of the body region scores that 
contribute to the frontal offset score and the side impact score. The third analysis 
component considered two alternative methods for calculating the front offset score and 
the side impact score and then examines the relative weighting of the two new measures.  

Across the three analysis components, the correlation between ANCAP scores and the 
UCSR crashworthiness estimates was estimated under each of the following scenarios:  

 no adjustment for vehicle mass, the side impact pole test or the presence of seatbelt 
reminder systems 

 adjustment for vehicle mass but no adjustment for the side impact pole test or the 
presence of seatbelt reminder systems 

 adjustment for the side impact pole test or the presence of seatbelt reminder 
systems but no adjustment for vehicle mass 

 adjustment for vehicle mass, the side impact pole test and the presence of seatbelt 
reminder systems. 

3.1 LOGISTIC REGRESSION ANALYSIS OF ANCAP CRASH TEST SCORES 

As identified by Delaney, Newstead & Cameron (2006), altering the weightings for each 
component of the ANCAP crash test score may improve the level of correlation between 
the ANCAP scores and the UCSR crashworthiness estimates. Furthermore, adjusting the 
ANCAP score for vehicle mass may also improve the correlation between the two 
measures.  

To determine the optimum weightings to maximise the correlation subject to the model 
constraints, analysis used logistic regression. Logistic regression is the most appropriate 
analysis framework as it reflects that the dependent variable, the UCSR crashworthiness 
measure, is a risk and hence naturally bounded between 0 and 1. The various ANCAP 
measures considered have been include as covariates in the logistic regression models. 
Models that include vehicle mass as a covariate have also been compared with models that 
did not adjust for vehicle mass. Similarly, an evaluation of whether bonus points associated 
with the optional side impact pole test and seatbelt reminders was carried out by comparing 
the fit of models that include these bonus scores with models that do not.  
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The logistic model used to determine the optimal weighting of the frontal offset crash test 
score and the wide object side impact score where vehicle mass and bonus scores are not 
considered is of the following form: 

)scoreoffset front ()(itlog ifi ANCAPCWR           

                                                             is ANCAP scoreimpact  side   (Eqn. 1) 

where i is the vehicle model index and  and f and s are parameters of the logistic model. 

Similarly, the model that adjusts for vehicle mass but not the bonus scores can be written 
as: 

)scoreoffset front ()mass()(itlog i ifmi ANCAPCWR       

                                                             is ANCAP scoreimpact  side  . (Eqn. 2) 

The model that adjusts for the bonus points associated with seatbelt reminders and 
performance on the optional side impact pole test but not vehicle mass can be written as: 

)scoreoffset front ()(itlog ifi ANCAPCWR         

  )score pole ()scoreimpact  side ( ipis ANCAPANCAP      

    )scorereminder seatbelt  ( ir ANCAP .  (Eqn. 3) 

Finally the model that adjusts for vehicle mass as well as the bonus points can be written as 

)scoreoffset front ()mass()(itlog i ifmi ANCAPCWR         

  )score pole ()scoreimpact  side ( ipis ANCAPANCAP      

    )scorereminder seatbelt  ( ir ANCAP .  (Eqn. 4) 

The SAS statistical package (SAS, 1989) was used to fit each of the models defined by 
equations 1 to 4. As explained by Delaney, Newstead & Cameron (2006), the parameters 
of each model represent the weighting of the components of the ANCAP score that result 
in the highest correlation between the UCSR crashworthiness ratings derived from real 
world data and the re-weighted ANCAP test score. The parameters of each fitted model 
can be used to calculate the re-weighted aggregated ANCAP score for each vehicle model 
using the following transformation:  
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In the above, XBT represents the inner product of the vector of model parameters (B) and 
the vector of ANCAP component scores (X). For example, for the model defined by 
Equation 4, the inner product XBT  is 

XBT
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After using equations 1 to 4 to calculate the UCSR crashworthiness score predicted from 
the ANCAP component measures, ANCAP(New), the R-squared value of a linear 
regression, being the square of the correlation between the predicted crashworthiness score 
(ANCAP(New)) and the UCSR crashworthiness estimates, was used to assess how re-
weighting the components of the ANCAP scores improved the correlation with the UCSR 
crashworthiness estimates. The R-squared value represents the “proportion of total 
variation in the dependant variable, the UCSR crashworthiness measure, explained by the 
explanatory variable, ANCAP(New). 

3.2 LOGISTIC REGRESSION ANALYSIS OF ANCAP BODY REGION 
SCORES 

As described, the side impact component and the frontal offset component of the overall 
ANCAP score are each equal to the sum of four scores, each which rates the ability of the 
vehicle to protect one of four different body regions. A maximum of sixteen points can be 
awarded for both the side impact crash test and the frontal offset crash test. For the side 
impact crash test, each vehicle is assessed in terms of how it protects the head, chest, 
abdomen and pelvis. In the frontal offset crash test, each vehicle is assessed according to 
how effectively it protects the head, chest, upper legs (from hip to knee) and lower legs 
(including the foot). 

Logistic models were estimated again using the UCSR crashworthiness measure as the 
dependent variable but this time including each body region sub-score from the frontal 
offset crash test and the wide object side impact crash test as covariates. Additional logistic 
models based on the body region sub-scores were estimated also including the one or both 
of vehicle mass and the bonus points awarded for the optional side impact pole test and the 
presence of seatbelt reminder systems.  

R-squared values were again used to investigate whether adjusting for the bonus scores and 
vehicle mass resulted in better performance of the models in predicting the UCSR 
crashworthiness ratings. It also allowed direct comparison with the models based on the 
aggregated ANCAP frontal offset score and the side impact score. 

3.3 LOGISTIC REGRESSION ANALYSIS USING ANCAP CRASH TEST 
SCORES DERIVED USING ALTERNATIVE OPERATIONS INVOLVING 
BODY REGION SCORES 

The ANCAP frontal offset score is calculated by adding the sub-score for each of the four 
body regions observed in the frontal offset crash test. Similarly, the side impact score is 
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calculated by adding the sub-score for each body region observed in the side impact test. 
This means that a vehicle can score no points for an individual body region in the frontal 
offset crash test, but still receive a rating of 12 points for the frontal offset crash test score. 
The same applies for the side impact score. In practice, this means a vehicle can have a 
critical problem in protecting a particular body region which may result in serious injury to 
the occupant to that body region in every crash but as long as it protects all other body 
regions well can still score well in the current ANCAP scoring protocol. 

There are alternative ways of using the body region sub-scores to calculate the overall 
score for the frontal offset test and the wide object side impact crash test. In particular, the 
overall crash test scores for the frontal offset test and the side impact crash test could be set 
to be equal to the minimum of the four body region sub-scores. Alternatively, the scores 
for each crash test could be set to be equal to the product of the individual body region sub-
scores. Both of these strategies would give greater penalty to vehicles that offered poor 
protection to one body region, but good protection to other regions.  

After adopting each of these approaches to calculating the overall score for the frontal 
offset and side impact tests, logistic regression was used to re-weight the new frontal offset 
crash test score and the new wide object side impact score to determine the weightings that 
result in the strongest correlation with the UCSR crashworthiness estimates. The level of 
correlation derived for models in which the crash test scores were calculated using the 
alternative methods was compared with the level of correlation derived when the frontal 
offset score and the side impact score were calculated in the standard way. 



10 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

4. RESULTS 

Table A1 in Appendix A shows the UCSR crashworthiness ratings along with the 95% 
confidence interval of the rating for each of the 69 models that had both a UCSR 
crashworthiness rating and an ANCAP rating.  

Figure 1 presents the UCSR ratings for the 69 vehicle models plotted against the 
aggregated ANCAP score for each model. The ANCAP score presented includes bonus 
points associated with the optional side impact pole test and the fitment of seatbelt 
reminder systems. 

 

Figure 1: Overall ANCAP test score (including pole and seatbelt reminder bonuses) vs 
UCSR crashworthiness (69 models) 

Comparing the mean crashworthiness ratings of the 69 models grouped by ANCAP star 
rating using an Analysis of Variance test found that there were significant differences in 
the UCSR crashworthiness point estimates between groups of models defined by their star 
ratings (F(3,65)=11.1, p<0.001). The mean UCSR crashworthiness estimate for the six 
models rated as two star vehicles under ANCAP was 3.93%, compared with 3.39% for the 
eighteen models with three star ratings, 2.42% for the 39 models with four star ratings and 
1.73% for the six models with five star ratings. The Games and Howell post-hoc procedure 
was used to show that the mean UCSR crashworthiness estimates were significantly 
(p<0.05) different for the following pairs of vehicles: two star and five star vehicles; three 
star and four star vehicles; and four star and five star vehicles.  

The R-squared value for the relationship between the overall ANCAP test scores and the 
UCSR crashworthiness estimates shown in Figure 1 was 0.347. That is, approximately 
35% of the variation in the UCSR crashworthiness estimates for the 69 vehicle models can 
be explained by the overall ANCAP test scores. Some of the variation in the UCSR 
crashworthiness estimates within each ANCAP star category can be explained by 
estimation errors associated with the UCSR crashworthiness ratings. That is, the 
crashworthiness ratings are estimates only, with the level of uncertainty surrounding each 
estimate depicted by the 95% confidence intervals shown in Figure 1. However, as 
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described by Delaney, Newstead & Cameron (2006), the fact that the 95% confidence 
intervals for some vehicle models within the same ANCAP star category do not overlap, 
suggests that factors other than those represented by the overall ANCAP score are 
influencing injury outcomes in real world crashes. 

The following sections present the results of the analysis that investigated whether 
components of the ANCAP frontal offset scores and side impact scores can be re-weighted 
via a logistic regression analysis to improve the correlation between the overall ANCAP 
scores and the UCSR crashworthiness estimates. In presenting the results in the following 
sections, the UCSR crashworthiness ratings estimated from the ANCAP scores via the 
logistic regression are referred to as re-weighted ANCAP scores.  

4.1 LOGISTIC REGRESSION ANALYSIS OF ANCAP CRASH TEST SCORES 

Using the methods described in Section 3.1, logistic regression analysis was applied to re-
weight the ANCAP frontal offset test score and the side impact test score to maximise the 
correlation between the overall ANCAP scores and the UCSR crashworthiness estimates. 
Four distinct models, each using different covariates, were estimated. Figures 2 to 5 plot 
the UCSR crashworthiness estimates against the re-weighted overall ANCAP scores. Each 
figure shows the R-squared value of the linear regression between the re-weighted overall 
ANCAP scores and the UCSR crashworthiness estimates.  

 

Figure 2: Overall ANCAP test score re-weighted using wide object side impact crash test 
score and frontal offset crash test score only vs UCSR crashworthiness 

In Figure 2, the re-weighted overall ANCAP score did not include the bonus points for the 
optional side impact pole test or the bonus points for seatbelt reminder systems. Only the 
aggregate frontal offset score and the side impact score were included as covariates in the 
logistic regression model. The correlation between the re-weighted overall ANCAP score 
and the UCSR crashworthiness estimates was 0.295. This correlation was poorer than that 
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achieved when the overall ANCAP score was calculated using current practices ( 2R
=0.347). 

When vehicle mass was added to the logistic regression as a covariate along with the side 
impact scores and the frontal offset scores, the correlation between the re-weighted overall 
ANCAP score and the UCSR crashworthiness estimates was much higher ( 2R =0.5335), as 
shown in Figure 3. 

 

Figure 3: Overall ANCAP test score re-weighted using wide object side impact crash test 
score, frontal offset crash test score and vehicle mass vs UCSR crashworthiness  

Figure 4 shows the correlation between the UCSR crashworthiness estimates and the re-
weighted overall ANCAP scores in which the frontal offset and side impact component 
scores were included as covariates in the logistic model along with bonus points associated 
with the optional side impact pole test and seatbelt reminder systems. No adjustment was 
made for vehicle mass. It can be seen that the R-squared value for the correlation between 
these two scores was 0.351, which was about the same as the level of correlation between 
the UCSR estimates and the overall ANCAP scores calculated using current procedures (

2R =0.347) which also includes the pole impact and seat belt reminder bonus points. 
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Figure 4: Overall ANCAP test score re-weighted using wide object side impact crash test 
score, frontal offset crash test score and bonuses for the optional side impact pole test 

and seatbelt reminders vs UCSR crashworthiness  

Figure 5 plots the UCSR crashworthiness estimates against the re-weighted ANCAP scores 
where vehicle mass was included along with the ANCAP scores for each crash test and the 
bonus scores associated with the optional side impact pole test and seatbelt reminder 
systems. The R-squared value of the correlation between the two measures of vehicle 
safety was 0.555, which was a higher correlation than when the overall ANCAP score was 
calculated using current procedures ( 2R =0.347).  

Of all the alternative weightings considered in this section, the model that included vehicle 
mass and bonus points associated with seatbelt reminder systems and the optional side 
impact pole test resulted in the highest correlation with the UCSR crashworthiness 
estimates. Even though the correlation between the UCSR estimates and the re-weighted 
ANCAP data when all factors were included in the model was only slightly higher than 
that when the bonus points were excluded from the model (i.e. 2R =0.555 compared with 

2R =0.534), a likelihood ratio test comparing the two models showed that adjusting for the 
bonus points significantly improved the model ( 2 (2)=8.97, p<0.025). 
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Figure 5: Overall ANCAP test score re-weighted using wide object side impact score, 
frontal offset score, vehicle mass and bonuses for the optional side impact pole test and 

seatbelt reminders vs UCSR crashworthiness 

Table 1 summarises the results of the analysis presented in this section. The logistic 
regression output from each of the models derived is shown in Appendix B. Appendix B 
shows that for each of the four models derived in this section, the coefficients associated 
with each covariant were negative, as expected. That is, increasing scores in the side 
impact test and the frontal offset test were associated with reduced risk of serious injury as 
measured by the UCSR crashworthiness rating. Similarly, where the logistic model 
included covariates for bonus points, achieving the bonus points for performance in the 
optional side impact pole test and the presence of seatbelt reminder systems was also 
associated with reduced risk of serious injury as measured by the UCSR crashworthiness 
rating. Finally, all logistic models that included the effect of vehicle mass, demonstrated 
that the risk of serious injury reduced with increasing mass. 

Table 1: Summary of the R-squared measures of correlation between UCSR 
crashworthiness estimates and re-weighted ANCAP scores 

 Covariates included in the model R-Squared value 

Original  0.347 

Model 1 Side impact & frontal offset only 0.294 

Model 2 Side impact, frontal offset & mass 0.534 

Model 3 Side impact, frontal offset & bonus points 0.351 
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Model 4 Side impact, frontal offset, mass & bonus points 0.555 

 

In summary, Table 1 shows that the models that included vehicle mass showed better 
correlation with the UCSR crashworthiness estimates derived using real world crash data 
than models that did not. Similarly, models that included the bonus points as covariates 
resulted in better correlation with UCSR crashworthiness estimates than models that did 
not. 

4.2 LOGISTIC REGRESSION ANALYSIS OF ANCAP BODY REGION 
SCORES 

Using the methods described in Section 3.2, logistic regression has been used to re-weight 
individual body region sub-scores from the side impact and frontal offset crash tests to 
maximise the correlation between the re-weighted overall ANCAP score and the UCSR 
crashworthiness estimates. Four distinct models, each using different combinations of 
covariates, were estimated. Figures 6 to 9 plot the actual UCSR crashworthiness estimates 
against those predicted from the ANCAP scores via the logistic regression analysis. 

In Figure 6, the logistic regression did not include bonus points for the side impact pole 
test or the bonus points for seatbelt reminder systems. The only covariates included in the 
logistic regression model were the body region sub-scores for both the frontal impact crash 
test and the side impact test. The correlation between the re-weighted overall ANCAP 
score and the actual UCSR crashworthiness estimates was 0.540. This correlation is better 
than that achieved by the two models presented in Section 4.1 in which the weightings 
were applied to aggregate scores for the frontal offset test and the wide object side impact 
test without adjusting for vehicle mass. 
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Figure 6: Overall ANCAP test score re-weighted using body region sub-scores only vs 
UCSR crashworthiness  

Figure 7 plots the UCSR crashworthiness estimates against the logistic regression model 
estimates derived by including the body region sub-scores from both the wide object side 
impact test and the frontal offset test as covariates as well as vehicle mass. Adding vehicle 
mass as a covariate resulted in the correlation between the overall ANCAP score and the 
crashworthiness estimates improving from 2R =0.540 to 2R =0.642.  
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Figure 7: Overall ANCAP test score re-weighted using body region sub-scores and vehicle 
mass vs UCSR crashworthiness 

Figure 8 shows the correlation between the UCSR crashworthiness estimates and the re-
weighted overall ANCAP scores where the body region sub-scores for the frontal offset 
and the side impact crash tests were included as covariates along with bonus points 
associated with the optional side impact pole test and seatbelt reminder systems. No 
adjustment was made for vehicle mass. The R-squared value for the correlation between 
these two scores was 0.565, which was slightly higher than when the bonus points were not 
included in the logistic regression model ( 2R =0.540).   

Figure 9 plots the UCSR crashworthiness estimates against the re-weighted ANCAP scores 
where the body region sub-scores for the frontal offset and side impact crash tests were 
included as covariates in the logistic model along with vehicle mass and bonus points 
associated with the optional side impact pole test and seatbelt reminder systems. The 
R-squared value of the correlation between the two scores was 0.650, which was about the 
same as when the bonus points were not included as covariates (see Figure 7). A likelihood 
ratio test comparing the models depicted in Figures 7 and 9 showed that adjusting for the 
bonus points significantly improved the model ( 2 (2)=7.45, p<0.025). 
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Figure 8: Overall ANCAP test score re-weighted using body region sub-scores and 
bonuses for the optional side impact pole test and seatbelt reminders vs UCSR 

crashworthiness 

 

Figure 9: Overall ANCAP test score re-weighted using body region sub-scores, vehicle 
mass and bonuses for the optional side impact pole test and seatbelt reminders vs UCSR 

crashworthiness  
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Table 2 summarises the results presented in this section. The logistic regression output 
from each of the models derived is shown in Appendix C. Appendix C shows that for each 
of the four models derived in this section, the vast majority of the coefficients of the 
covariates were negative. This means that for these variables, increasing scores were 
associated with reduced risk of serious injury as measured by the UCSR crashworthiness 
estimates. However, for each of the four models derived in this section, the parameter 
associated with the head sub-score for the frontal offset test was significantly (p<0.05) 
greater than zero for three of the four models. That is, while higher sub-scores for most 
body regions were associated with reduced risk of serious injury, higher sub-scores in the 
frontal offset test for the head was actually associated with an increased risk of serious 
injury as measured by the UCSR crashworthiness estimates.  

One reason for this surprising result may be that the head sub-score in the frontal offset test 
was highly correlated with several other body region sub-scores, including the chest, upper 
leg and lower leg for the frontal offset test and the abdomen for the side impact test. 
However, when these covariates were removed from the model, the coefficient for the head 
sub-score for the frontal offset test still indicated that a higher head sub-score for the 
frontal offset test was associated with an increased risk of serious injury as measured by 
the UCSR crashworthiness estimates. Further possible reasons for this counter intuitive 
result are explored in Section 5. 

Table 2: Summary of the R-squared measures of the correlation between UCSR 
crashworthiness estimates and re-weighted ANCAP body region sub-scores 

 Covariates included in the model 
R-Squared 

value 

Original  0.347 

Model 1 Body region scores from side impact & front offset tests only 0.540 

Model 2 Body region scores & mass 0.642 

Model 3 Body region scores & bonus points 0.565 

Model 4 Body region scores, mass & bonus points 0.650 

 

The tables in Appendix C also show that for some models, the parameters associated with 
the chest sub-score in the side impact test and bonus points for seatbelt reminder systems 
were also positive. However, the Wald Chi Square statistic shows that these coefficients 
were not significantly (p<0.05) greater than zero. The tables in Appendix C also show that 
the bonus points awarded for performance in the optional side impact pole test were 
associated with reduced risk of serious injury. Finally, as demonstrated in the previous 
section, the risk of serious injury reduced with increasing mass in logistic models that 
adjusted for the effect of vehicle mass. Furthermore, models that adjusted for vehicle mass 
showed better correlation with UCSR crashworthiness estimates derived using real world 
crash data than models that did not include vehicle mass as a covariate. 



20 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

4.3 LOGISTIC REGRESSION ANALYSIS USING ANCAP CRASH TEST 
COMPONENT SCORES DERIVED USING ALTERNATIVE METHODS 
OF COMBINING BODY REGION SCORES 

This section reports on the logistic regression analysis used to re-weight the aggregate 
frontal offset test score and the side impact test score where the aggregate test scores for 
each crash test configuration have been derived in ways different to the linear additive 
method used in the standard ANCAP summary measure. Logistic regression models have 
been again used to estimate the weights that should be applied the newly defined crash test 
scores for each crash configuration to maximise the correlation between the overall 
ANCAP scores and the UCSR crashworthiness ratings.  

Two sets of alternative definitions for the frontal offset score and the wide object side 
impact score are considered. The first involves setting each score to be equal to the 
minimum body region sub-score. The results of applying this definition are presented in 
Section 4.3.1. The second alternative definition involves multiplying the body region sub-
scores (instead of adding them). The results obtained using this definition of the crash test 
score are presented in Section 4.3.2. 

4.3.1 ANCAP crash test score equal to the minimum body region sub-score 

The first alternative summary side impact and frontal offset crash test score was defined as 
the minimum body region sub-score observed in the each crash test configuration. Logistic 
regression was used to weight each alternative crash test configuration score so that the 
correlation between the overall ANCAP score and the UCSR crashworthiness estimates 
was maximised. Figures 10 to 13 plot the UCSR crashworthiness against the re-weighted 
ANCAP scores for four distinct models, each using different covariates.  

Figure 10 shows the plot of UCSR crashworthiness estimates against the re-weighted 
ANCAP scores in which only the minimum body region sub-scores for the frontal offset 
and side impact crash tests were included as covariates in the logistic model. The R-
squared value of the correlation between the two scores was 0.306, which was less than 
that achieved when the overall ANCAP score was calculated in the standard manner ( 2R
=0.347). When vehicle mass was added to the covariates used in the logistic model, the 
correlation between the UCSR crashworthiness estimates and the re-weighted ANCAP 
scores improved, with the R-squared value increasing to 0.527, as shown in Figure 11. 
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Figure 10: UCSR crashworthiness vs the overall ANCAP score re-weighted only using the 
minimum body region sub-scores for the frontal offset test and the wide object side impact 

crash test 

 

Figure 11: UCSR crashworthiness vs the overall ANCAP score re-weighted using vehicle 
mass and the minimum body region sub-scores for the frontal offset test and the wide 

object side impact crash test 
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Including the bonus scores associated with seatbelt reminders and the optional side impact 
pole test but not including vehicle mass resulted in a correlation of 2R =0.340, as shown in 
Figure 12. The strength of the correlation between the UCSR estimates and the re-weighted 
ANCAP score calculated in this manner was about the same as the correlation when the 
ANCAP score was derived in the usual manner. 

Figure 13 plots the UCSR crashworthiness scores against the re-weighted overall ANCAP 
score when vehicle mass, bonus scores associated with the optional side impact pole test 
and seatbelt reminders and the minimum body region sub-scores for the frontal offset and 
side impact crash tests were included as covariates in the logistic model. It can be seen that 
the correlation between the two scores had an R-squared value of 0.561, which is higher 
than the correlation achieved when the overall ANCAP score is calculated in the usual 
manner ( 2R =0.347), but inferior to some of the correlations for models derived in Section 
4.2. 

 

Figure 12: UCSR crashworthiness vs the overall ANCAP score re-weighted using 
bonuses for the optional side impact pole test and seatbelt reminders and the minimum 
body region sub-scores for the frontal offset test and the wide object side impact crash 

test 

Table 3 summarises the results presented in this section that assess the extent to which the 
ANCAP scores derived from each of the logistic models using the minimum body region 
score correlated with the UCSR crashworthiness estimates. It can be seen that including 
vehicle mass and bonus points associated with the optional side impact pole test and 
seatbelt reminders resulted in the highest correlation ( 2R =0.561) between the re-weighted 
ANCAP scores and the UCSR crashworthiness estimates. However, the correlation for 
each of the models presented in this section was not as high as the correlation for 
analogous models presented in Section 4.2 in which weights were applied to each body 
region sub-score. 
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Figure 13: UCSR crashworthiness vs the overall ANCAP score re-weighted using vehicle 
mass, bonuses for the optional side impact pole test and seatbelt reminders and the 

minimum body region sub-scores for the frontal offset test and the wide object side impact 
crash test 

Table 3: Summary of R-squared measures of the correlation between UCSR 
crashworthiness estimates and re-weighted minimum ANCAP body region scores  

 Covariates included in the model 
R-Squared 

value 

Original  0.347 

Model 1 Minimum body region scores from side impact & front offset 
tests only 

0.306 

Model 2 Minimum  body region scores & mass 0.527 

Model 3 Minimum  body region scores & bonus points 0.340 

Model 4 Minimum  body region scores, mass & bonus points 0.561 

 

The logistic regression output from each of the models derived in this section is shown in 
Appendix D. It can be seen from Appendix D that for three of the four models derived in 
this section, the coefficients of each of the covariates were negative. This means that as the 
minimum body region score of both the wide object side impact test and the frontal offset 
test increased, the risk of serious injury decreased. However, for the model depicted in 
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Table D.4, which is plotted in Figure 13, the covariate associated with the minimum body 
region sub-score in the side impact test was greater than zero which is counter to 
expectation. However the parameter value was not significantly greater than zero 
(p=0.953). 

4.3.2 ANCAP crash test score equal to product of body region sub-scores 

The next set of analyses considered component scores of the side impact crash test and the 
frontal offset test defined as the product of the body region sub-scores for each individual 
crash test. As before, logistic regression was used to re-weight each of the crash test scores 
into an aggregate score so that the correlation between the aggregate ANCAP based score 
and the UCSR crashworthiness estimates were maximised. Figures 14 to 17 plot the UCSR 
crashworthiness against the re-weighted overall ANCAP scores. Four distinct models were 
estimated each using different covariates following the combinations used in the previous 
sections. 

Figure 14 plots UCSR crashworthiness estimates against the re-weighted ANCAP scores in 
which the product of the body region sub-scores for the frontal offset and side impact crash 
tests were included as covariates in the logistic model. The R-squared value of the 
correlation between the two scores was 0.284, which was less than that for when the 
overall ANCAP score was calculated in the standard manner ( 2R =0.347). 

 

Figure 14: UCSR crashworthiness for all crash types vs the overall ANCAP test score re-
weighted using only the product of body region sub-scores within the frontal offset test 

and the wide object side impact crash test (69 models) 

Figure 15 shows the plot of the UCSR crashworthiness ratings against the re-weighted 
ANCAP scores in which vehicle mass was included as a covariate along with crash test 
scores defined as the product of the body region sub-scores. The R-squared value of the 
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correlation between the two scores was 0.504. This R-squared value compares poorly to 
the models in Sections 4.1, 4.2 and 4.3.1 which also adjusted for vehicle mass. 

 

Figure 15: UCSR crashworthiness vs the overall ANCAP score re-weighted using vehicle 
mass and the product of body region sub-scores within the frontal offset test and the wide 

object side impact test 
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Figure 16: UCSR crashworthiness vs the overall ANCAP score re-weighted using 
bonuses for the optional side impact pole test and seatbelt reminders and the product of 

body region sub-scores for the frontal offset test and the wide object side impact test 

Figure 16 shows the plot of the UCSR crashworthiness ratings against the re-weighted 
ANCAP scores in which vehicle mass is not included as a covariate but the bonus scores 
associated with seatbelt reminders and the optional pole test are included. The frontal 
offset test score and side impact test score, each defined as product of their respective body 
region sub-scores, are also included as covariates. The R-squared value of the correlation 
between the re-weighted ANCAP scores and the UCSR crashworthiness estimates was 
0.323. This R-squared value also compares poorly to the models in Sections 4.1, 4.2 and 
4.3.1 which also adjusted for the bonus scores but not vehicle mass. 
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Figure 17: UCSR crashworthiness vs the overall ANCAP score re-weighted using vehicle 
mass, bonuses for the optional side impact pole test and seatbelt reminders and the 
product of body region sub-scores for the frontal offset test and the wide object side 

impact test 

Figure 17 shows the UCSR crashworthiness scores plotted against the re-weighted overall 
ANCAP score when vehicle mass, bonus scores associated with the optional side impact 
pole test and seatbelt reminders are all included as covariates along with the frontal offset 
score and the side impact score, which are each defined as product of their respective body 
region sub-scores. The R-squared value of the correlation between the real world crash 
data and the re-weighted ANCAP scores was 0.527.  

Table 4 summarises the results presented in this section that assess the extent of the 
correlation between the ANCAP scores derived from each of the logistic models and the 
UCSR crashworthiness estimates. As in the preceding sections, the models that adjusted 
for vehicle mass showed better correlation with the UCSR crashworthiness estimates 
derived using real world crash data than models that did not. 

Comparing these R-squared values of Table 4 with those in Table 3, it can be seen that 
defining the ANCAP frontal offset score and side impact score to be the minimum body 
region sub-score for each test resulted in a stronger correlation with UCSR crashworthiness 
estimates than when each ANCAP score was defined as the product of the body region 
sub-scores. Neither of them achieved the same level of correlation as when the body region 
scores from each of the two crash test configurations wee considered individually in the 
regression. 
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Table 4: Summary of R-squared measures of the correlation between UCSR 
crashworthiness estimates and re-weighted ANCAP scores defined as the product of 
ANCAP body region sub-scores  

 Covariates included in the model 
R-Squared 

value 

Original  0.347 

Model 1 Product of body region scores from side impact & front offset 
tests only 

0.284 

Model 2 Product of body region scores & mass 0.504 

Model 3 Product of body region scores & bonus points 0.323 

Model 4 Product of body region scores, mass & bonus points 0.527 

 

The logistic regression output for each of the models derived in this section is shown in 
Appendix E. 

4.4 CHOOSING ONLY A SUB-SET OF BODY REGION SUB-SCORES USING 
STEPWISE SELECTION 

A stepwise selection (Hosmer & Lemeshow, 2000) method was used to build a logistic 
model of real world crashworthiness using the ANCAP body region scores, vehicle mass 
and bonus points as potential covariates. The stepwise process eliminated covariates that 
have no predictive power on the outcome variable, in this case UCSR crashworthiness, 
being considered. It was found that the model with the best predictive power did not 
include covariates associated with the risk of chest injuries in the offset frontal or the side 
impact crash test. The parameters of this optimal model are shown in Table 5. The 
correlation between the crashworthiness estimated by re-weighted ANCAP body region 
scores in the manner described in Table 5 and the crashworthiness estimates based on real 
world data was slightly better ( 2R =0.661) than that for when all body region scores were 
included in the model, irrespective of whether they improved the predictive power of the 
model. Like the model including all body regions, the co-efficient for the offset frontal 
impact head score was negative which is counter to expectation. All other covariates had 
coefficient signs as expected. Figure 18 shows the UCSR crashworthiness scores plotted 
against the re-weighted overall ANCAP scores predicted from the logistic regression 
model using the stepwise selection process to identify statistically significant covariates. 
The re-weighted overall ANCAP scores are derived from the model parameters given in 
Table 5.  
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Table 5: Parameters of the logistic model of UCSR crashworthiness ratings derived 
by using the stepwise selection approach described by Hosmer & Lemeshow (2000) 
which results in only significant covariates being included in the model 

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -1.7184 0.4085 17.6954 <.0001

KERBMASS 1 -0.00041 0.000047 75.235 <.0001

F_HEAD 1 0.0511 0.0224 5.2289 0.0222

F_UPPER 1 -0.0946 0.0167 32.0775 <.0001

F_LOWER 1 -0.0881 0.0131 45.1553 <.0001

S_HEAD 1 -0.0941 0.0484 3.7851 0.0517

S_PELVIS 1 -0.1645 0.0889 3.4229 0.0643

POLE 1 -0.1234 0.0604 4.177 0.041

Likelihood Ratio: 2 (7)=267.3, p<0.0001 

 

Figure 18: UCSR crashworthiness vs the overall ANCAP test where re-weighted 
covariates were chosen using a stepwise selection method with the list of potential 

covariates including vehicle mass, bonuses for the optional side impact pole test and 
seatbelt reminders and each body region sub-score from the frontal offset test and the 

wide object side impact test 
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4.5 SUMMARY OF LOGISTIC REGRESSION ANALYSES 

From Sections to Sections 4.1 to 4.4, the following general conclusions concerning the 
strategies that can be employed to re-weight ANCAP scores and improve their correlation 
with crashworthiness estimates based on real world crash data can be made: 

Conclusion 1: Calculating the total score for the ANCAP frontal offset test and the side 
impact test by simply adding body regions sub-scores observed for each test does not result 
in an optimal correlation between ANCAP test scores and crashworthiness estimates 
derived from real world data. Re-weighting the aggregate scores for each crash test 
improves the correlation with UCSR crashworthiness. Re-weighting the individual body 
region scores within each crash test configuration further improves the correlation. 

Conclusion 2: The fit between ANCAP test scores and crashworthiness estimates derived 
from real world crash data is greatly improved when vehicle mass is included as a 
covariate in the logistic model. 

Conclusion 3: Including covariates associated with bonus scores given for performance in 
the optional side impact pole test and the presence of seatbelt reminder systems improves 
the fit between ANCAP test scores and crashworthiness estimates derived from real world 
crash data. 

 

4.6 THE PLAUSIBILITY OF RELATIONSHIPS SUGGESTED BY LOGISTIC 
MODELS THAT RESULTED IN SUPERIOR CORRELATION BETWEEN 
UCSR CRASHWORTHINESS ESTIMATES AND ANCAP TEST SCORES 

The analysis presented to this point describes the results of applying different strategies to 
construct a summary ANCAP test score so that the correlation between it and 
crashworthiness estimates derived from real world data as part of the Used Car Safety 
Ratings program is maximised. The ideal alternative strategy for re-weighting ANCAP 
scores would result in a better correlation with UCSR estimates and the re-weighted scores 
that were not counter to existing knowledge of the physical properties of real world crashes 
that are being captured by each specific. Analysis in this section aimed to assess the latter.  

The specific goal of this component of the research was to determine whether each of the 
new summary ANCAP scores derived reflect relationships that would be expected given 
existing knowledge of the physical properties of real world crashes and the ANCAP crash 
tests. This section of the study examined how the re-weighted ANCAP scores derived in 
the preceding sections can be explained in terms of pre-existing knowledge of the causes of 
serious injury. Transport Accident Commission (TAC) claims data were used to determine 
the plausibility of the relationships suggested by the re-weighted ANCAP scores that 
resulted in better correlation with UCSR crashworthiness estimates.  

As the strategies to re-weight ANCAP test scores that result in the strongest correlation 
with crashworthiness estimates from real world crash data are those that include vehicle 
mass and bonus points associated with performance in the optional side impact pole test 
and seatbelt reminder systems, the following section only assesses the plausibility of the 
physical relationships suggested by models from Sections 4.1 through 4.3 that included 
these three covariates. Specifically, only the models labelled as “model 4” in Tables 1 
through 4 of Sections 4.1 through 4.3 are considered in the following section. An exception 
will be made in the case of the model described in Section 4.4, where covariates were 
chosen using the stepwise selection process (as described by Hosmer & Lemeshow (2000). 
This model included vehicle mass and bonus points associated with performance in the 



PREDICTING THE UCSR CRASHWORTHINESS RATINGS FROM ANCAP SCORES 31 

optional side impact pole test as covariates, but not bonus points associated with seatbelt 
reminder systems. 

Transport Accident Commission (TAC) claims data collected during the period 2000-2004 
were examined to determine how the re-weighted ANCAP test scores and the body region 
sub-scores of the logistic models derived in Sections 4.1 through 4.3 can be interpreted in 
the light of real world injury outcomes. The purpose of the analysis presented was to 
examine to what extent the re-weighted ANCAP scores reflect the profile of injury in real 
world crashes. The TAC claims data represent the best means of achieving this goal as they 
contain detailed injury information that can be categorised by applicable body region for 
crashes of a wide range of severities. The TAC claims data include information on the 
severity of injuries to different body regions for people injured in crashes in Victoria who 
submitted a claim to the TAC for injury compensation resulting from a motor vehicle 
crash.  

4.6.1 Models based on current overall scores for the ANCAP frontal offset test and 
the wide object side impact crash test 

For the period 2000-2004, the TAC claims database contained data on 92,230 people who 
submitted claims because they were injured in road crashes. For the purposes of this 
exercise it was necessary to categorise each of these crashes by the crash configuration. 
The ANCAP crash test program seeks to replicate injury occurrence in a finite set of 
serious crashes; a frontal offset collision with another vehicle and a crash in which the side 
of a vehicle is struck by the front of another vehicle. In addition to these two tests, in 
instances were a vehicle has head protecting side airbags, the manufacturer may choose to 
have their vehicle tested in an optional side impact pole test. The side impact pole test 
gives the vehicle the opportunity to score 5 stars in the overall ANCAP assessment. The 
ANCAP program does not test vehicle performance in other types of impacts such as rear 
impacts, full width frontal impacts with a fixed object or occupant protection and roof 
strength in rollovers.  

Using the Definition for Classifying Accident (DCA) codes and variables related to the 
part of the vehicle damaged in the crash, the TAC claims data could be classified according 
to crash type. Of the 92,230 individual records in the database, 11,921 (12.9%) contained 
insufficient data to enable categorisation by crash type. Table 6 shows the distribution of 
the remaining 80,309 records by crash type. Of these 80,309 records, 23,196 (28.9%) were 
claims in which the road user was seriously injured, where a serious injured is defined as 
an injury with an Abbreviated Injury Scale (AIS) severity code (AAAM, 2001) of two or 
more. 
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Table 6: Distribution of TAC claims records by valid crash type category (2000-2004) 

  Total Claims AIS2+ Claims 

  N % N %

Frontal Impacts         

- vehicle to vehicle 17,224 21.4% 4,795 20.7%

- fixed object 6,744 8.4% 2,749 11.9%

- all 23,968 29.8% 7,544 32.5%

Side Impacts         

- vehicle to vehicle 12,572 15.7% 3,529 15.2%

- fixed object 4,331 5.4% 1,843 7.9%

- all 16,903 21.0% 5,372 23.2%

Other Impacts 39,438 49.1% 10,280 44.3%

All Crash Types 80,309 100.0% 23,196 100.0%

 

From Table 6 it can be seen that of the 23,196 claims involving serious injury, 20.7% 
involved a frontal impact with another vehicle and 15.2% involved a side impact with 
another vehicle. This means that the two crash tests on which the ANCAP ratings are based 
might be expected to represent no more than 36% of crashes resulting in a road user being 
seriously injured. If a vehicle is subjected to the optional side impact pole test, the tests 
used in the ANCAP crash test protocol might be expected to at best represent only 48% of 
crashes involving serious injury. Of course it is not possible to simulate every type of crash 
that is likely to lead to injury. Even the broad types of crashes that are simulated under the 
ANCAP crash test protocol are only approximations of frontal impact crashes with other 
vehicles and side impact crashes involving either other vehicles or fixed objects. They also 
cannot hope to encapsulate all the subtle variations in crash configuration and occupant 
characteristics within the types of crash configurations represented. In addition, Table 6 
demonstrate that for about half of road users seriously injured, the crashes types in which 
they were injured are not simulated by the ANCAP crash test protocol. This could explain 
why no more than 65% of the variation in UCSR crashworthiness estimates based on real 
world data could be explained by ANCAP test scores using the modes derived in Sections 
4.1 to 4.3. The relationship between ANCAP test scores and UCSR crashworthiness 
estimates in some of these models is explored further below.  

Table 1 in Section 4.1 shows that logistic regression models that included vehicle mass and 
bonus points as covariates showed better correlation with UCSR crashworthiness estimates 
than models that did not. Figure 19 shows the risk of serious injury as a function of the 
frontal offset crash test score and the side impact crash test score calculated using the 
coefficients from model 4 in Table 1 that included vehicle mass and bonus points as 
covariates.  
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Figure 19: The risk of serious injury (predicted UCSR crashworthiness score) as a 
function of the ANCAP frontal offset test score and the wide object side impact test 

score for vehicles of average mass and average bonus point score 

 

Figure 19 shows the effect of changes in scores for the frontal offset crash test and the side 
impact test for vehicles of average mass (1,434.6kg) which were awarded average bonus 
scores (i.e. 0.25 for the pole test and 0.45 for the seatbelt reminder systems). It can be seen 
that, under this model, the ANCAP frontal offset score was more strongly related to the 
UCSR crashworthiness estimate than the side impact test score. For example, the risk of 
serious injury measured by the UCSR crashworthiness estimate was approximately 2.3% 
for a car that scored full points for both the frontal offset test and the side impact test. 
However, reducing the frontal offset score to zero and keeping the side impact score equal 
to 16 increased the risk of serious injury measured by the UCSR crashworthiness estimate 
to 3.9%. Conversely, if the frontal offset score remained at 16 and the side impact score 
was set at zero, the UCSR crashworthiness estimate only increased from 2.3% to 2.6%. 
This means that UCSR crashworthiness estimates derived from real world data were much 
more sensitive to changes in the vehicles’ ability to protect occupants in frontal impacts 
than changes in their ability to protect occupants in side impacts as measured by the 
ANCAP test protocol.  

The TAC data demonstrate that a greater proportion of seriously injured road users are 
injured in frontal impacts than side impacts. This is consistent with the increased 
sensitivity of UCSR crashworthiness estimates to frontal offset crash test scores compared 
to side impact crash test scores demonstrated in Figure 19 and in the relative weights of the 
regression coefficient in the models including the aggregate offset frontal and side impact 
test scores. 
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4.6.2 Models based on ANCAP body region scores  

Across all the re-weighting strategies considered in this study, the correlation between 
UCSR crashworthiness estimates derived using real world crash data and re-weighted 
ANCAP test scores was highest for those models that re-weighted each ANCAP body 
region sub-score. The only exception was the re-weighting strategy in which the stepwise 
selection procedure of Hosmer & Lemeshow (2000) was used to select a sub-set of 
covariates for inclusion. This procedure resulted in a similar level of correlation as the 
model 2 of Table 2 that included all body region sub-scores and all bonus points as 
covariates, with the former having an R-square value of 0.661 and the latter an R-squared 
value of 0.650 when fitted to UCSR crashworthiness estimates. By comparison, the best 
correlation between UCSR crashworthiness estimates and re-weighted ANCAP scores 
defined as either the minimum, product or aggregate of body region sub-scores from each 
crash test was 2R =0.561 (see Table 3 of Section 4.3.1).  

In this section the frequency with which different body regions are injured, as estimated 
using TAC claims data is compared to the relationships suggested by the parameters of 
each body region sub-score from the logistic model. The logistic model used included 
vehicle mass and the bonus points as covariates along with each body region score. 
Appendix F contains the distribution of serious injuries (i.e. those with AIS severity scores 
of two or greater) recorded in the TAC claims database for the period 2000-2004 by the 
body region of the injury and crash type. A summary of these distributions is provided in 
Table 7. 

Table 7: Percentage of road users who were seriously injured in a particular type of 
crash who received a serious injury (AIS2+) to a particular body region, from the 
TAC Claims database, 2000-2004 

 Frontal Impacts Side impacts   

 
Veh. to 

veh. 
Fixed 
object All 

Veh. to 
veh. 

Fixed 
object All 

Other 
impacts 

All 
impacts 

Head 30.3 37.1 32.8 37.4 36.3 37 36.7 35.5

Face 4.2 7.2 5.3 2.9 3.8 3.2 4.3 4.4

Neck 0.1 0.1 0.1 0.0 0.1 0.0 0.2 0.1

Chest 21.5 17.3 19.9 19.5 15.7 18.2 14.3 17.0

Spine 7.2 9.6 8 6.4 8.2 7 10.1 8.7

Abdomen 
& pelvis 

5.4 6.8 5.9 6.5 5.4 6.1 5.2 5.7

Lower ext. 25.2 23.9 24.7 21.5 24.4 22.5 32.8 27.8

Upper ext. 23.3 24.2 23.6 19.4 27.4 22.1 25.4 24.1

External 26.9 26.8 26.9 26.4 26.9 26.5 24.1 25.6
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Table 7 shows that among seriously injured road users, 36% received a serious head injury, 
while 28% received a serious lower extremity (leg) injury, 24% received a serious upper 
extremity (arm or hand) injury, 26% received a serious external injury (i.e. an injury to the 
surface of the body, such as a bruise or laceration) and 17% received a serious chest injury. 
Serious injuries to the remaining body regions occurred relatively infrequently. It should 
be noted that very few of the serious injuries to the external body region or to the upper 
extremities were of AIS severity three or more. In fact, of occupants receiving at least one 
injury of AIS severity three or greater, only 4.5% received an upper extremity injury of 
severity three or greater while only 0.2% received an external injury of severity three or 
greater. Conversely, of the 6,060 occupants who received at least one injury of AIS 
severity three or greater, 26.6% received a spinal injury of AIS severity three or greater. 
This shows that most serious spinal injuries were of AIS severity three or greater. 

Section 4.2 shows the logistic models that included ANCAP body region sub-scores, 
vehicle mass and bonus scores as covariates returned a positive coefficient for the head 
sub-score of the frontal offset crash test. The same results was obtained when stepwise 
selection was used to choose which body region sub-scores should be included in the 
model. Both models indicated that a higher score for the head body region in the frontal 
offset test was actually associated with an increased risk of serious injury as measured by 
the UCSR crashworthiness measure derived from real world crash data. Table 7 shows that 
for all types of impacts, the head was the most-common body region to sustain a serious 
injury among seriously injured road users. This should mean that a good measurement of 
head injury risk in different crash tests should be a good predictor of serious injury in the 
real world. This was not the results obtained in the analysis here. Possible explanations for 
this counterintuitive result are explored in the Discussion (Section 5). 

Although the positive covariate for the head sub-score in the frontal offset crash test was 
counterintuitive to the identified importance of head injury in Table 7, this was not the case 
for the head sub-score for the side impact test. Table C4 in Appendix C shows that the 
model coefficient for the head sub-score in the side impact crash test was negative, 
meaning that a higher head sub-score in the side impact test was associated with a reduced 
risk of serious injury. The same was true for the model derived using the stepwise selection 
process (see Table 5 of Section 4.4). 

Table 7 shows that of the other body regions, the lower extremities were most often 
seriously injured, with 28% of seriously injured road users sustaining a serious leg injury. 
Table C4 of Appendix C shows that for the logistic model that controlled for vehicle mass 
and bonus points, both sub-scores associated with lower extremity injuries in the frontal 
offset crash test (i.e. “F_LOWER”, indicating the lower leg, and “F_UPPER”, indicating 
upper leg) were significant predictors of the risk of serious injury as measured by the 
UCSR crashworthiness measure. Furthermore, the coefficients associated with the lower 
extremities sub-scores were negative, indicating that a better score for the lower 
extremities was associated with a reduced risk of serious injury in the real world as 
expected. Similar results were obtained when the stepwise selection procedure was applied 
to choose covariates. 

There is no sub-score for the lower extremities in the current aggregated side impact score 
under the ANCAP protocol. This is contrary to the expectation from Table 7 where lower 
extremity injuries appear to be almost as common in side impact collisions as frontal 
collisions. Furthermore, neither the aggregated score for the side impact crash test nor the 
aggregated score for the frontal offset crash test measures the risk of injury to the upper 
extremities under the ANCAP protocol. From Table 7 it can be seen that 24% of seriously 
injured road users received a serious upper extremity injury. Even though most of the 
serious upper extremity injuries in the TAC dataset were injuries of AIS severity two (i.e. 
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injuries of “moderate” threat to life), it is possible that the correlation between the UCSR 
crashworthiness estimates and the ANCAP ratings could be improved if measurements of 
the risk of serious injury to the upper and lower extremities were able to be taken from the 
anthropomorphic dummies used in the crash tests and included in the calculations of the 
side impact test score and the frontal offset test score.  

Table 7 also shows that nearly 26% of seriously injured road users received serious 
external injuries. It is difficult for crash test protocols such as ANCAP to account for the 
ability of a vehicle to protect against serious external injuries as opposed to serious injuries 
to other body regions. The TAC claims data indicated that very few of the serious external 
injuries were of AIS severity greater than two. This suggests that accounting for the 
occurrence of external injuries under the ANCAP protocol is unlikely to significantly 
improve the correlation between the UCSR crashworthiness estimates derived from real 
world data and ANCAP test scores. 

Serious chest injuries were sustained by 17% of seriously injured road users. Table C4 of 
Appendix C shows that the logistic model including vehicle mass and bonus points for the 
optional side impact pole test and seatbelt reminder systems, the chest sub-scores for both 
the frontal offset test and the side impact crash test were not significant predictors of the 
UCSR crashworthiness estimates. This was also true for the model derived using stepwise 
selection. Further investigation is required to determine why serious chest injuries 
commonly occurred in real world serious crashes but the measure of chest injury risk 
determined through the ANCAP testing protocol was not associated with a vehicle’s UCSR 
crashworthiness estimate.  

Another relevant result presented in Table 7 is that serious injuries to the abdomen and 
pelvic region appear to occur relatively rarely in cases of a road user being seriously 
injured. However, Table 5 of Section 4.4 suggests that the ability of a vehicle to protect 
against injuries to the pelvis region in the side impact crash test is a good predictor of a 
vehicle’s UCSR crashworthiness estimate. This could be explained if the pelvis sub-score 
for the side impact test is a good predictor of serious injuries to other body regions, such as 
the spine or chest in real world crashes. Further investigation would be required to 
determine whether measurements of injury risk for the pelvic region taken during the 
ANCAP side impact test correctly predict injuries to the pelvic region or whether they in 
fact predict injuries to other body structures. 

4.6.3 Summary of Comparisons with Real World Crash Type and Serious Injury 
Distributions 

The following summary points can be made from the analysis of real world distributions of 
crash type and injury outcomes compared against the results of the logistic regression 
analyses detailed in the previous sections of this report: 

 The logistic regression analysis predicting UCSR crashworthiness from aggregate 
ANCAP offset frontal and side impact scores gave much higher weight to the offset 
frontal test score compared to the side impact test score. This is consistent with real 
world data which shows much higher prevalence of serious injuries from frontal 
impacts compared to side impacts. 

 The logistic regression models based on individual ANCAP body region scores are 
less consistent with real world injury distributions. 

o Significance of the offset frontal impact head and leg assessments in the 
regression equation is consistent with the high prevalence of these serious 
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injury types in real world crashes. However, sign of the regression co-
efficient for head score in the frontal impact is inconsistent with expectation 
that better head score will be associated with better UCSR crashworthiness. 
Explanation of this result is difficult 

o The relative weighting of the significant head and pelvis ANCAP measures 
from the side impact are in the regression equation are contrary to real 
world data with serious head injuries being much more prevalent than 
pelvic injury in the real world data for side impacts. 

o Serious chest injury is highly prevalent in both frontal and side impacts 
however the ANCAP chest injury measure in both offset frontal and side 
impact tests is not a significant predictor in the data. 

o A number of predominant injury types in real world crashes are not 
represented at all in the ANCAP test protocol. These include upper and 
lower extremities in the side impact test and external injuries (cuts and 
contusions) in both ANCAP test configurations.  
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5. DISCUSSION 

This study has quantified the extent to which the current practice of aggregating ANCAP 
body region sub-scores to give overall scores for the frontal offset crash test and the side 
impact crash test reflect the UCSR crashworthiness estimates derived using real world 
crash data.  

When the UCSR crashworthiness ratings for the 69 models included in the analysis were 
averaged within ANCAP star rating there were significant differences between the 
averages. The average UCSR crashworthiness estimates became significantly better with 
increasing ANCAP star ratings. This result is similar to that reported by Lie & Tingvall 
(2002) who also compared average real world injury risk amongst EuroNCAP star ratings 
using police reported crash data from Sweden. 

Some concern has been raised that finite crash test programs such as ANCAP may 
encourage manufacturers to produce cars designed to perform well in the tests at the cost 
of performance in other types of crashes (see Norin, Koch, Ryrberg & Svensson, 1995; 
O’Donnell, 2003; English, 2004). The analysis presented in this report does not provide 
any evidence to support these concerns. In fact, Figure 1 in Section 4 shows that none of 
the models that performed particularly well in the ANCAP assessment, performed poorly 
when assessed by the UCSRs using real world crash data. 

However, under the present method of calculating the ANCAP score for a vehicle, there 
was significant variation in the UCSR crashworthiness ratings for vehicles within each 
individual ANCAP star rating category. This shows that the real world crashworthiness 
performance can vary greatly for vehicle given the same safety assessment by ANCAP. 
This is further evidenced in that the ANCAP scores only explained 35% of the variation in 
the UCSR crashworthiness estimates. This is low for 2 programs that are ostensibly both 
attempting to measure the same characteristic being the occupant protection performance 
of vehicles. The primary motivation of this study was to see if the correlation between the 
ANCAP summary score and the UCSR crashworthiness measure could be improved to 
provide greater consistency in consumer information on relative occupant protection 
performance of vehicles. 

Logistic regression techniques have been used to determine whether ANCAP scores could 
be re-weighted so as to increase the correlation between UCSR crashworthiness estimates 
the ANCAP test scores. In particular, logistic regression techniques were applied to 
identify strategies for re-weighting components of the ANCAP scores for crash tests 
undertaken as part of the current ANCAP testing protocol. The aim was to better use 
existing ANCAP measures rather than to redefine the ANCAP test protocols. 

A very small improvement in the correlation between the ANCAP ratings and the UCSR 
crashworthiness ratings was achieved by re-weighting the overall scores for the frontal 
offset crash test, the side impact test and the bonus scores associated with performance in 
the optional side impact pole test and the presence of seatbelt reminder systems. This 
re-weighting resulted in 35.1% of the variation in UCSR crashworthiness being explained 
(see Table 1). When a parameter for vehicle mass was added to the model, this increased to 
55.5%.  

For each of the different strategies for re-weighting ANCAP scores investigated in this 
report, adding vehicle mass as a covariate in the logistic model significantly improved the 
correlation between the ANCAP test scores and UCSR crashworthiness estimates derived 
from real world data. This demonstrates that the UCSR crashworthiness rating a vehicle 
receives is dependant on its mass, with heavier vehicles being more likely to receive a safer 
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rating than light vehicles. Conversely, the ANCAP frontal offset crash test and the side 
impact test are generally considered to replicate collisions between vehicles of roughly 
equal mass and hence the overall score is also mass independent. This explains the need to 
introduce a mass correction factor through the regression approach to get a reasonable 
level of concordance between the ANCAP score and the UCSR crashworthiness measure. 

The role of vehicle mass is considered further in the following. 

5.1 THE ROLE OF VEHICLE MASS 

Evans (1994) demonstrated that in collisions between two vehicles the risk of death for the 
driver of each vehicle is related to the ratio of the masses of the two vehicles. The ratio of 
the fatality risk of the driver of the lighter vehicle to the fatality risk of the driver of the 
heavier vehicle is expected to increase as the ratio of the mass of the heavier car to the 
mass of the lighter car increases. In general, in two car crashes heavier cars offer better 
protection to their occupants than lighter cars.  

The UCSR crashworthiness estimates derived from real world crash data by Newstead, 
Watson & Cameron (2009) did not adjust for the mass of the vehicle. This means that 
heavier vehicles are more likely than lighter vehicles to receive good crashworthiness 
ratings because the statistical models used to derive the crashworthiness ratings do not 
remove the protective effect of vehicle mass. Vehicles heavier than the fleet average will 
more often collide with vehicles that are lighter. In contrast, it is stated that the ANCAP 
test scores do not account for the protective benefits of vehicle mass. Both the frontal 
offset crash test and the side impact test simulate crashes between vehicles of generally 
equal mass. As a result, lighter vehicles are not be penalised under the ANCAP rating 
system in the same way that they are penalised under UCSR crashworthiness ratings. 
Analysis results in this study show that adjusting for the effects of vehicle mass within the 
UCSR crashworthiness estimates would result in an improved correlation with the ANCAP 
rating. Conversely, it would be possible to achieve the same result by adjusting the 
ANCAP test scores to reflect the effects of vehicle mass using the methods demonstrated 
in this study. 

To further explore the relationship between vehicle mass and UCSR crashworthiness 
estimates, a logistic model was created that used only vehicle mass to explain the variation 
in the UCSR crashworthiness estimates. Crashworthiness estimates were only used for the 
69 models where both UCSR estimates and ANCAP test scores were available. Figure 22 
shows the resulting curve for the risk of serious injury (crashworthiness) as a function of 
vehicle mass (see the blue line), along with its 95% confidence intervals. Also plotted in 
Figure 22 are the standard UCSR crashworthiness estimates for each vehicle model derived 
from real world crash data (red dots).  
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Figure 20: UCSR crashworthiness estimates based on real world data (red points) and the 

risk of serious injury with respect to vehicle mass (blue line) 

It can be seen from Figure 20 that the UCSR crashworthiness estimates for some vehicle 
models fall above the mass-adjusted crashworthiness estimates while the crashworthiness 
estimates for other vehicles fall below the mass-adjusted crashworthiness estimates. The 
difference between the standard UCSR crashworthiness estimates and those in which 
vehicle mass is the explanatory variable represents the effect of non-mass related vehicle 
characteristics on occupant safety.  

It is useful to separate the effects of vehicle mass on crashworthiness from other vehicle 
factors. For each of the 69 vehicle models included in the analysis, the effect of vehicle 
mass on real world crashworthiness was standardised to that of a vehicle of average mass. 
The average mass of the 69 vehicles included in the analysis is 1,434.6kg. According to the 
logistic model represented in Figure 21, the best estimate of the crashworthiness of a 
vehicle of this mass is 2.95%. The non-mass component of the crashworthiness estimate 
for each vehicle is approximated by flattening the blue line in Figure 20 so that it is 
horizontal along the 2.95% crashworthiness value. Each UCSR data estimate is moved so 
that the distance between it and the blue line remains as it was before. This method of 
separating the effects of vehicle mass on crashworthiness from other vehicle factors is the 
same as that used by Newstead, Narayan, Cameron & Farmer (2003) in their comparison 
of results from crash tests conducted under the US NCAP program and by the Insurance 
Institute for Highway Safety (IIHS) with real world crash data from the US. The process, 
as applied in the present analysis is depicted graphically in Figure 21.  
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Figure 20: Adjustment of the UCSR crashworthiness estimates to remove the protective 

influence of vehicle mass.  

The broken blue line represents the estimated crashworthiness of a vehicle of average mass 
(2.95%), while the solid blue line represents estimated crashworthiness as a function of 
vehicle mass only. The solid red data points represent the UCSR defined crashworthiness 
ratings. The red crosses represent the values of the UCSR crashworthiness estimates after 
standardising for the effects of vehicle mass. That is, the red crosses represent the non-
mass component of the UCSR crashworthiness estimates.  

Fitting the non-mass components of the crashworthiness ratings to the re-weighted 
ANCAP scores derived in the previous sections did not result in a superior fit compared to 
the previous analyses presented. For example, including vehicle mass, the frontal offset 
test score and the side impact test score explicitly in the logistic model of UCSR 
crashworthiness produced an R-squared value of 0.534 (53.5% of variation explained - see 
Table 1). However, the correlation between the re-weighted ANCAP scores and the mass-
adjusted UCSR crashworthiness scores was considerably poorer, with an R-squared value 
of only 0.166. This was worse than the correlation between the ANCAP scores calculated 
using current procedures and the original UCSR crashworthiness scores ( 2R =0.347, see 
Table 1).  

It is possible that removing the effect of vehicle mass on the UCSR crashworthiness 
estimates did not improve the fit between the re-weighted ANCAP ratings and the mass-
adjusted UCSR crashworthiness ratings because the model used to show the effect of 
vehicle mass on real world crashworthiness was not adequate.  

Figure 20 shows that for vehicles of mass ranging from 1,100kg to 1,600kg, there were 
many UCSR crashworthiness scores below the crashworthiness by vehicle mass curve (the 
blue line). Specifically, 86% of the 36 vehicle models of mass between 1,100kg and 
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1,600kg had a UCSR crashworthiness rating below the vehicle mass curve. In contrast, 
53% of the fifteen vehicles weighing less than 1,100 kg had a UCSR crashworthiness 
rating below that estimated where vehicle mass was the only explanatory variable included 
in the logistic model. For the eighteen vehicles of mass greater than 1,600 kg, 56% had a 
UCSR crashworthiness rating below that estimated where vehicle mass was the only 
explanatory variable. This suggests that the relationships between vehicle mass and 
crashworthiness for very light cars and heavier vehicles may skew the curve that describes 
the overall relationship between these two variables.  

The relationship between vehicle mass and crashworthiness was derived using a linear 
logit function. It is possible that a better relationship between vehicle mass and 
crashworthiness can be derived using a more sophisticated logit function, perhaps one 
involving fractional polynomials. Nirula et al. (2004) used fractional polynomials to derive 
a logistic model describing the relationship between the change in velocity experienced by 
a vehicle and estimates of the risk of serious injury derived from US (NASS) crash data. 
They found that the relationship was best described using a combination of square root and 
cubic functions. As the change in velocity that a vehicle experiences in a vehicle to vehicle 
crash is dependent on its mass relative to the mass of the other vehicle, the results of Nirula 
et al. (2004) suggest that the use of fractional polynomials would probably result in a more 
accurate model for the data used in the current study. 

Another possibility is that the relationship between vehicle mass and crashworthiness is of 
a different nature for small vehicles compared to medium or large vehicles. Occupants of 
smaller vehicles are likely to have more severe outcomes when involved in crashes with 
larger vehicles because the larger vehicles may not contact the load bearing structures of 
the smaller vehicle during the collision. This suggests that mass versus crashworthiness 
curves may need to be developed separately for different vehicle classes to adequately 
represent the relationship. 

These results demonstrate that, in general, the level of protection that a vehicle provides to 
its occupants increases with vehicle mass. Results also suggest the relationship between 
vehicle mass and crashworthiness is not a simple one. More accurately modelling the 
relationship between vehicle mass and crashworthiness may increase the correlation 
between ANCAP test scores and UCSR crashworthiness estimates derived from real world 
crash data. However, the results also point to the method of including mass as a predictor 
of the ANCAP score in the modelling process along with ANCAP specific measure as 
being superior to adjusting the UCSR crashworthiness scores for the effect of vehicle mass 
when attempting to improve the relationship between ANCAP and UCSR crashworthiness 
measures. 

5.2 REPRESENTATIVENESS OF ANCAP CRASH TESTS 

In addition to the effects of vehicle mass, the relatively low correlation between ANCAP 
test scores and real world crashworthiness ratings may be partly explained by the crash 
tests included in the ANCAP test protocol. The analysis presented in Section 4 suggest 
that, ANCAP crash tests are not representative of the full range of crashes occurring in the 
real world. Nor do the ANCAP test protocols consider the full range of likely serious 
injury outcomes in those crashes. 

In Section 4.6.1 TAC claims data were used to demonstrate that if a vehicle is subjected to 
the optional side impact pole test, the tests used in the ANCAP crash test protocol at best 
represent only 48% of crashes involving serious injury. That is, over half the crashes that 
result in serious injury are not modelled in ANCAP. Furthermore, the three crash tests 
conducted under the ANCAP protocol are only approximations of a broad range of frontal 
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offset crashes, wide object side impacts and side impact collisions with a narrow object. 
Most collisions that can be broadly classified into these three crash types are likely to vary 
from the type of crash simulated under the ANCAP test protocol in several ways. These 
include: 

- impact speed; 

- mass and geometry of colliding object/vehicle; 

- direction of impact; and 

- position of the impact zone in relation to occupant. 

- Occupant characteristics including height, weight, gender and seating position 

Sections 4.1 and 4.3 describe alternative methods of calculating overall ANCAP test scores 
using individual body region scores from the frontal offset crash test and the side impact 
crash test. The overall scores for each crash test were defined in one of three ways: 

- by adding the body region sub-scores (as is standard under the current ANCAP 
protocol); 

- by defining the overall score for each test as the minimum body region score; or 

- by defining the overall score for each test as the product of body region scores. 

These overall scores were then re-weighted to maximise the correlation with the UCSR 
crashworthiness estimates. For each of the 3 strategies considered, the side impact crash 
test had much lower predictive power on the UCSR crashworthiness estimates compared to 
the frontal offset test. This accorded with the relatively smaller proportion of real world 
serious injuries that are sustained in side impact crashes compared to frontal crashes.  

The lack of sensitivity of the UCSR crashworthiness estimates to variations in scores for 
the side impact tests may be a result of the limited range of side impact collision types 
simulated under the ANCAP side impact test. The side impact test may also lack 
sensitivity because it is too close to the regulatory standard for protection that vehicles 
must offer occupants in side impact collisions. This is supported by the observation that of 
the 69 models examined in this report, 75% had an overall score for the wide object side 
impact test of thirteen or above out of a maximum score of 16, compared with only 9% of 
the 69 models scoring thirteen or more in the frontal offset test. Other researchers have also 
suggested that the side impact crash test is not sufficiently demanding to distinguish 
between vehicles that perform well in side impact collisions and those that do not (for 
example, Griffiths, Paine & Haley, 1999). The side impact test could be made more 
demanding by increasing the mass of the trolley used in the test. Currently the mass of the 
trolley is 950 kg, which is substantially less than the mass of the average passenger vehicle 
in Australasia. Another option would be to increase the velocity at which the trolley strikes 
the vehicle being tested. Currently the trolley strikes the vehicle at 50 km/h. 

5.3 ANALYSIS OF INDIVIDUAL BODY REGION SCORES WITHIN EACH 
ANCAP CRASH TEST 

Section 4.2 showed that when individual body region sub-scores from the frontal offset 
crash test and the wide object side impact test were re-weighted along with bonus points 
associated with seatbelt reminder systems and performance on the optional side impact 
pole test, the correlation between overall ANCAP scores and UCSR crashworthiness 
estimates was higher than when new ANCAP overall scores were derived from the existing 
aggregate scores from each ANCAP crash test. When the existing aggregated ANCAP 
scores for each crash test were re-weighted along with bonus points and vehicle mass, the 
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proportion of variation in the UCSR crashworthiness cores explained was 55.5%. When 
each body region score was re-weighted instead of the aggregated scores, this rose to 65%. 

Section 4.6 compared the distribution of seriously injured body regions, as observed from 
TAC claims data, with the weights assigned to the covariates of the model that returned a 
correlation of 2R =0.650. Surprisingly it was found that when the individual body region 
sub-scores were re-weighted, the parameter associated with the head and neck score for the 
frontal offset crash test was positive. This indicated that the risk of an occupant being 
seriously injured as measured by UCSR crashworthiness estimate was inversely related to 
the protection offered by a vehicle to the head and neck regions as measured by the 
ANCAP frontal offset crash test. This is particularly surprising as the TAC claims data 
indicated that 36% of occupants who were seriously injured received a serious head injury. 
Thus, it would be expected that vehicles that offered good head protection should 
demonstrate good overall crashworthiness. One possible explanation is that the good head 
protection offered to drivers in the frontal offset test is offered at the cost of protecting to 
other body regions in a wider range of crashes that are not reflected in the other ANCAP 
body region scores. Whilst this explanation is possible, it would need further in-depth 
investigation to either confirm or refute. 

Another possibility is that the measurements taken during the frontal offset crash test to 
estimate the level of head protection provided by a vehicle do not accurately reflect the risk 
of serious head injury. There has been much debate in the literature about whether the 
Head Injury Criterion (HIC), which is used to estimate the risk of serious injury from 
anthropomorphic test device (dummy) responses in the ANCAP tests, accurately reflect the 
actual risk of serious injury. For example, Nirula, Mock, Nathens & Grossman (2004) 
found that HIC was a poor predictor of traumatic brain injury in US crash data. They also 
found similar lack of agreement between the probability of serious chest injuries derived 
by NCAP ratings and those derived from real world crash data from the analysis of NASS 
data. TAC claims data also showed that other body regions such as the chest were 
commonly seriously injured, however the chest sub-scores for the both the frontal offset 
crash test and the side impact test were not significant predictors of serious injury risk as 
measured by the UCSR crashworthiness estimates.  

Finally, some body regions were not represented in the body region sub-scores for either 
the frontal offset crash test or the wide object side impact crash test despite TAC claims 
data indicating that it is common for a seriously injured road user to receive a serious 
injury to these body regions. Such body regions include the upper extremities and the 
lower extremities. It is possible that measurements specific to these body regions are not 
included in the overall ANCAP score due to the difficultly of predicting the severity of 
injuries of this type from dummy responses. 

Results of the analysis of real world injury distributions in relation to the coverage of 
various body regions by the ANCAP test protocols along with consideration of the factors 
that were statistically significant in the logistic models predicting UCSR crashworthiness 
highlights some potential problems in deriving new ANCAP summary measures based on 
re-weighting individual ANCAP body region scores. A relationship that is counter to 
expectation between the offset frontal impact head score and the UCSR crashworthiness 
measure diminished the face validity of these new ANCAP summary measures and poses 
significant problems for their practical application. A summary ANCAP score including 
head score in this way would not encourage manufacturers to focus on improving occupant 
head protection in frontal impacts. It highlights the need to further examine whether HIC is 
an appropriate measure of real world head injury risk, a point queried many times in the 
literature. The lack of representation of many key body areas in the ANCAP test protocol 
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also poses a problem for constructing a summary ANCAP measure from body region 
component scores. However, it also casts a query on any possible summary score, 
including the one currently used, and suggests those developing NCAP type test protocols 
and anthropomorphic dummies used in the test perhaps should look to include ways of 
measuring those body regions not currently represented in the tests. These include the 
upper and lower extremities in side impact crashes and soft tissue injuries in all test 
configurations. 

5.4 SELECTION AND USE OF AN ALTERNATIVE ANCAP SUMMARY 
MEASURE FROM THOSE CONSIDERED 

Reflecting the problems noted with the summary scores based on body region scores and to 
ensure the face validity of a newly proposed ANCAP summary occupant protection score, 
results from this study suggests the most viable of the measures proposed in this study to 
adopt as a new ANCAP summary score would be one of those based on the current 
aggregate offset frontal and side impact scores. Model 4 from section 4.1 including the 
current aggregate offset frontal and side impact scores along with the bonus points for the 
pole test and seat belt reminder system would seem the most appropriate. The proportion 
of variation in the UCSR crashworthiness measure is explains is 55% which is only 
slightly less than the best analysis model derived from individual body region scores. It 
also has good face validity in that it gives weights to the offset frontal score and side 
impact score which reflect the relevant importance of these 2 crash configurations in the 
real world. 

The inclusion of vehicle mass in a new summary ACNAP score has the principle 
advantage of dramatically improving the association with the UCSR crashworthiness score 
hence allowing the most consistent possible presentation of consumer information on 
relative vehicle safety. However, inclusion of vehicle mass in an ANCAP summary score 
is inherently problematic since it would allow manufacturers to achieve a good ANCAP 
score by simply adding mass rather than improving the inherent design of the vehicle for 
good occupant protection performance. Consequently, any decision to include the effects 
of relative vehicle mass in a summary ANCAP score would require careful consideration 
of the primary objectives of the ANCAP program and would require very careful 
consideration. The consequence of not including vehicle mass in the ANCAP summary 
measure is the inevitable reduced concordance with the UCSR crashworthiness measures. 
This is not necessarily a problem providing a carefully considered marketing strategy 
explaining the fundamental differences between the ANCAP and UCSR ratings regarding 
the treatment of vehicle mass effects is formulated. 

5.5 PRESENTATION OF THE NEW SUMMARY ANCAP SCORE 
ALONGSIDE USED CAR SAFETY RATINGS 

Choosing to adopt a new ANCAP summary scoring method which gives the closest 
possible relationship with the UCSR crashworthiness measure would allow the two ratings 
to be presented in a unified way. Achieving an integrated presentation would be relatively 
simple. Current presentation of the UCSR crashworthiness rating utilises the fact that each 
crashworthiness rating derived from the analysis protocol gives a point estimate of the 
rating along with a two-sided statistical confidence limit reflecting the precision of the 
rating estimate which is strongly related to the amount of data from which it was estimated. 
The UCSR crashworthiness rating presented for consumer information classifies each 
rating into one of 5 performance bands based on the relationship between the lower 
confidence limit on the rating an pre-determined performance cut-off bands. The cut-off 
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bands are derived by setting a performance benchmark and then setting various distance 
bands from the benchmark (e.g. 30% worse, 60% worse etc). This process is described in 
detail in Newstead et al (2009). 

Each of the new ANCAP summary measures proposed in this study is derived from a 
logistic regression analysis. The estimates derived from these models are and estimate of 
the UCSR crashworthiness performance of the vehicle derived using the particular 
ANCAP score components included. Because logistic regression is a statistical model, a 
confidence limit can also be calculated for each estimate derived from the model. Since the 
ultimate product from the model is an estimate of UCSR crashworthiness with a 
confidence limit, the UCSR predictions derived from the ANCAP scores can be categorise 
into the same 5 performance bands in the same manner as the original UCSR estimates are. 
This would allow seamlessly integrated presentation of the UCSR scores calculated 
directly with those derived from the ANCAP measures. When a UCSR measure could be 
calculated from the real world data directly, the ANCAP derived measure would be 
removed from the presentation.  

Figure 22 illustrates the process of calculating the UCSR style star rating from the ANCAP 
measure derived estimate. It shows the point estimate and statistical confidence limit on the 
ANCAP derived measure for a selection of vehicles, the UCSR performance bands derived 
from the benchmark comparison rating and the ultimate star rating which is shown 
underneath each block of ratings to which they pertain.  

 

Figure 21: Estimation of UCSR ratings and star rating categories from the re-weighted 
ANCAP summary score.  

 

A particular advantage in deriving this approach has been identified for New Zealand. The 
New Zealand vehicle has a number of poplar vehicle models that are imported second hand 
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from Japan that are not found in the Australian fleet. Since a vehicle can only be rated in 
the Australasian UCSR ratings if it is sold in both Australia and New Zealand (due to the 
need to have non injury crash data linked to vehicle information which is generally not 
suitable for analysis in New Zealand) these grey imports unique to the New Zealand fleet 
do not appear in the UCSRs. Many of these grey import vehicles have been tested under 
JNCAP which uses crash test protocols very similar to ANCAP. Using the JNCAP test 
results and the new ANCAP summary scores derived in this study that predict the UCSR 
crashworthiness rating would allow UCSR crashworthiness ratings to be estimated for the 
New Zealand unique grey imports and presented in the UCSRs for consumer information. 
This process has the potential to enhance the proportion of the NZ vehicle fleet represented 
in the UCSRs. 
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6. CONCLUSION  

The research presented in this report has considered whether the correlation between 
vehicle secondary safety ratings developed from crash tests and those developed using real 
world crash data could be improved. The analysis is based on vehicles tested by ANCAP 
that are also rated for crashworthiness performance under the Used Car Safety Ratings 
(UCSRs) developed by the Monash University Accident Research Centre.  

Analysis confirmed that, in general, when vehicles are grouped according to their ANCAP 
star rating, average UCSR crashworthiness performance improves with higher ANCAP 
star rating score. This confirms that vehicles that perform well in the ANCAP test protocol 
on average provide comparatively good protection for their occupants from death and 
serious injury in real world crashes. However, amongst vehicles with the same ANCAP 
star rating for occupant protection, there is significant variation in the real world 
crashworthiness performance as measured by the UCSR crashworthiness rating. The 
current ANCAP summary occupant protection rating only predicts 35% of the variation 
explained in the UCSR crashworthiness measure.  

Analysis undertaken in this study has shown that the correlation between ANCAP scores 
and the UCSR crashworthiness estimates could be improved greatly by weighting the 
component ANCAP measures differently from how they are combined in the current 
ANCAP summary measure. Two broadly different approaches have been utilised to 
achieve this. The first re-weighted the current summary scores from the offset frontal and 
side impact test, the second re-weighted each of the individual body region scores from 
each test. The second method produced slightly higher correlations with the UCSR 
crashworthiness measures however the first method had better face validity when validated 
against real world crash and injury distributions. Consequently, a new ANCAP summary 
measure based on the first method would be preferred for adoption in practice. 

Including bonus points given for performance in the optional side impact pole test and the 
presence of seatbelt reminder systems improved the relationship with the UCSR 
crashworthiness measure in all instances. Including vehicle mass in the new ANCAP 
summary scores investigated resulted in the highest correlations with the UCSR 
crashworthiness measure. However including mass effects in an ANCAP summary 
measure is problematic from the perspectives of the objectives of ANCAP and would need 
to be considered carefully. At best, the new ANCAP summary measures proposed could 
explain between 55% and 65% of the variation in UCSR crashworthiness scores 
highlighting that the current ANCAP protocols still do not reflect all important real world 
crash configurations and injury outcomes to key body regions. 
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APPENDIX A: SUMMARY OF ANCAP AND UCSR DATA 

Table A1: Used car safety ratings and ANCAP ratings for the 69 models included in the analysis 

Vehicle 
Index 

Vehicle Make / Model 

ANCAP 

test year 
CWR Risk Severity 

95% CWR CL Total 
ANCAP 
Score* 

Star 
Rating 

Lower Upper 

3 Nissan Micra 1996 6.31% 22.34% 28.26% 4.87% 8.19% 16.00 2 

18 Vauxhall Vectra 1997 2.80% 16.19% 17.30% 2.31% 3.39% 18.00 3 

31 VW Golf 1998 2.26% 15.26% 14.80% 1.63% 3.14% 25.69 4 

34 Merc E Class 1998 2.71% 11.54% 23.46% 1.74% 4.20% 27.14 4 

39 Ford Focus 1999 2.97% 17.31% 17.17% 2.20% 4.02% 25.68 4 

40 Mercedes A-Class 1999 3.40% 17.61% 19.30% 1.59% 7.27% 27.27 4 

60 Volkswagon New Beetle 1999 1.44% 13.88% 10.35% 0.54% 3.83% 26.94 4 

82 Peugeot  307 2001 2.12% 12.63% 16.78% 1.17% 3.84% 29.60 4 

106 Suzuki Grand Vitara 2002 3.17% 15.52% 20.41% 2.19% 4.57% 22.94 3 

112 Mazda MX-5 2002 2.40% 16.81% 14.25% 1.23% 4.68% 25.10 4 

113 Mercedes SLK 2002 1.70% 14.61% 11.65% 0.44% 6.65% 26.13 4 

132 Opel Vectra 2002 2.20% 13.37% 16.47% 1.14% 4.24% 27.86 4 

137 VW Polo 2002 2.52% 14.98% 16.84% 0.97% 6.57% 27.75 4 

146 Hyundai Sonata 1998 4.27% 16.27% 26.25% 3.05% 5.97% 9.80 2 



PREDICTING THE UCSR CRASHWORTHINESS RATINGS FROM ANCAP SCORES 51 

155 Ford Courier 1999 3.03% 13.77% 22.00% 2.40% 3.82% 16.49 2 

156 Ford Falcon AU 2000 2.83% 14.82% 19.07% 2.61% 3.06% 24.20 3 

157 Toyota RAV4 2002 3.05% 14.95% 20.40% 2.41% 3.86% 25.12 4 

158 
Ford / Mazda Escape / 
Tribute 2001 2.64% 13.22% 19.97% 1.91% 3.65% 24.67 4 

159 Subaru Impreza 2001 2.42% 13.79% 17.52% 1.77% 3.29% 27.50 4 

160 Ford Falcon BA 2002 2.43% 13.71% 17.69% 2.14% 2.74% 27.27 4 

161 Holden Commodore VY 2002 2.32% 14.35% 16.17% 2.06% 2.62% 26.75 4 

162 Hyundai Getz 2002 4.87% 18.16% 26.82% 3.95% 6.00% 21.78 3 

163 MG TF 2002 2.31% 12.59% 18.35% 1.03% 5.19% 26.03 4 

165 Mitsubishi Triton 2005 2.09% 12.34% 16.96% 1.41% 3.10% 13.56 2 

167 Toyota Avalon 2001 2.68% 14.21% 18.88% 2.11% 3.41% 17.76 3 

168 Toyota Camry 2002 2.22% 15.16% 14.66% 1.84% 2.69% 26.31 4 

169 Toyota Corolla 2003 3.24% 16.34% 19.84% 2.87% 3.66% 27.33 4 

170 Toyota Landcruiser 2004 2.51% 12.18% 20.57% 2.17% 2.89% 24.90 4 

172 BMW X5 2003 1.43% 10.94% 13.04% 0.45% 4.49% 32.66 5 

174 Daewoo Kalos 2003 4.93% 20.09% 24.56% 3.08% 7.90% 17.64 3 

175 Mazda Bravo 2005 3.68% 16.94% 21.72% 2.74% 4.94% 16.49 2 

176 Holden Cruze 2002 5.85% 21.91% 26.70% 4.26% 8.02% 19.53 3 
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177 Holden Rodeo 2005 2.66% 12.99% 20.46% 2.10% 3.36% 23.51 3 

178 Honda Jazz 2003 3.07% 16.90% 18.19% 2.21% 4.28% 25.91 4 

179 Hyundai Accent 2003 4.43% 18.33% 24.17% 3.83% 5.13% 18.95 3 

181 Mazda 2 2003 3.34% 16.29% 20.52% 2.25% 4.97% 25.38 4 

183 Mitsubishi Magna 2003 2.10% 15.08% 13.93% 1.36% 3.24% 22.20 3 

184 Mitsubishi Outlander 2003 2.63% 15.58% 16.86% 1.22% 5.64% 28.00 4 

185 Nissan Pulsar 2004 3.75% 17.80% 21.09% 3.29% 4.28% 22.34 3 

189 Toyota Echo 2003 4.39% 18.45% 23.79% 3.86% 4.98% 23.64 3 

190 Toyota Kluger 2005 2.58% 11.69% 22.04% 1.51% 4.40% 26.43 4 

191 Toyota Prado 2005 1.31% 8.79% 14.95% 0.86% 2.00% 27.53 4 

197 Ford Falcon BA Ute 2005 1.99% 11.90% 16.71% 1.47% 2.69% 25.92 4 

198 Holden Astra 2004 3.01% 15.01% 20.07% 1.99% 4.56% 31.54 4 

199 Holden Monaro 2004 3.21% 14.67% 21.88% 2.13% 4.85% 26.89 4 

202 Mercedes C-Class 2001 2.88% 13.55% 21.28% 1.73% 4.82% 32.69 4 

203 Nissan Patrol 2004 2.17% 10.23% 21.17% 1.77% 2.65% 22.17 3 

209 Saab 9-5 2003 1.59% 16.46% 9.64% 0.52% 4.86% 32.66 5 

211 Subaru Liberty / Outback 2004 2.50% 11.14% 22.42% 1.60% 3.89% 32.57 5 

214 BMW 3-series 2005 1.05% 20.97% 4.99% 0.15% 7.48% 34.65 5 
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218 Holden Barina 2005 4.19% 18.19% 23.04% 2.66% 6.60% 14.89 2 

219 Holden Viva 2005 2.79% 17.29% 16.15% 1.53% 5.11% 25.09 4 

226 Mercedes M-Class 2002 1.32% 9.31% 14.21% 0.58% 3.04% 29.71 4 

227 Mitsubishi 380 2005 1.54% 15.21% 10.13% 0.56% 4.26% 28.09 4 

228 Mitsubishi Pajero 2004 1.80% 8.63% 20.80% 1.18% 2.74% 25.88 4 

230 Suzuki Swift 2004 3.35% 19.25% 17.42% 2.16% 5.20% 26.52 4 

231 Toyota Hiace 2006 3.37% 12.72% 26.48% 1.84% 6.17% 23.50 3 

232 Toyota Hilux 2005 2.83% 12.11% 23.39% 2.08% 3.86% 27.31 4 

233 Toyota Yaris 2006 3.11% 15.22% 20.44% 2.13% 4.53% 29.46 4 

234 Volkswagen Golf 2004 0.91% 11.58% 7.87% 0.42% 2.00% 32.83 5 

242 Ford Territory 2006 2.06% 9.09% 22.64% 1.28% 3.30% 29.56 4 

243 Ford Transit 2008 1.15% 10.32% 11.12% 0.61% 2.17% 22.53 3 

244 Holden Commodore VE 2006 2.04% 12.80% 15.93% 1.40% 2.97% 26.75 4 

256 Mitsubishi Colt 2005 3.95% 12.94% 30.52% 2.06% 7.55% 23.75 3 

259 Nissan Maxima 2006 2.36% 13.15% 17.98% 1.09% 5.12% 28.08 4 

268 Toyota Camry 2006 1.34% 15.16% 8.84% 0.43% 4.16% 27.53 4 

269 Toyota RAV4 2007 1.80% 11.15% 16.10% 0.81% 3.97% 29.93 4 

287 Kia Cerato 2005 3.03% 17.97% 16.87% 1.59% 5.76% 19.89 3 
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288 Kia Rio 2005 2.74% 17.51% 15.63% 1.31% 5.74% 23.41 3 

* ANCAP Score includes pole and seatbelt reminder bonus tests 
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APPENDIX B: OUTPUT OF LOGISTIC REGRESSION ANALYSIS 
USING ANCAP CRASH TEST COMPONENT SCORES 

Table B1: Parameters of the logistic model of UCSR crashworthiness ratings with the 
ANCAP offset frontal component score (T_FRONTAL) and the ANCAP side impact 
component score (T_SIDE) as explanatory variables 

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -2.6317 0.1136 536.4493 <.0001 

T_FRONT 1 -0.0409 0.00572 51.0566 <.0001 

T_SIDE 1 -0.034 0.00772 19.3919 <.0001 

Likelihood Ratio: 2 (2)=77.5, p<0.0001 

Table B2: Parameters of the logistic model of UCSR crashworthiness ratings with 
vehicle mass, the ANCAP offset frontal component score (T_FRONTAL) and the 
ANCAP side impact component score (T_SIDE) as explanatory variables 

Parameter DF Estimate
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -2.2231 0.1193 347.351 <.0001

KERBMASS 1 -0.0005 0.0000 123.5262 <.0001

T_FRONT 1 -0.0418 0.0058 51.5251 <.0001

T_SIDE 1 -0.0086 0.0079 1.1791 0.2775

Likelihood Ratio: 2 (3)=205.1, p<0.0001 
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Table B3: Parameters of the logistic model of UCSR crashworthiness ratings with the 
ANCAP offset frontal component score (T_FRONTAL), the ANCAP side impact 
component score (T_SIDE) and bonus points associated with the optional side impact 
pole test and seatbelt reminder systems as explanatory variables 

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -2.7262 0.1164 548.3433 <.0001 

T_FRONT 1 -0.0289 0.00656 19.3917 <.0001 

T_SIDE 1 -0.0333 0.0611 2.8502 0.0914 

POLE 1 -0.1031 0.0363 11.5146 0.0007 

SEATBELT 1 -0.1231 0.0363 11.5146 0.0007 

Likelihood Ratio: 2 (4)=95.5, p<0.0001 

Table B4: Parameters of the logistic model of UCSR crashworthiness ratings with 
vehicle mass, the ANCAP offset frontal component score (T_FRONTAL), the 
ANCAP side impact component score (T_SIDE) and bonus points associated with the 
optional side impact pole test and seatbelt reminder systems as explanatory variables 

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -2.2919 0.1230 347.1191 <.0001 

KERBMASS 1 -0.0005 0.0000 114.5577 <.0001 

T_FRONT 1 -0.0353 0.0066 28.1872 <.0001 

T_SIDE 1 -0.0082 0.0079 1.0785 0.299 

POLE 1 -0.1297 0.0613 4.4732 0.0344 

SEATBELT 1 -0.0560 0.0361 2.3986 0.1214 

Likelihood Ratio: 2 (5)=214.0, p<0.0001 
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APPENDIX C: OUTPUT OF LOGISTIC REGRESSION ANALYSIS 
USING ANCAP BODY REGION SCORES 

Table C1: Parameters of the logistic model of UCSR crashworthiness ratings with the 
ANCAP body region scores from the offset frontal test and the side impact test as 
explanatory variables 

Parameter DF Estimate
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -1.6697 0.4301 15.0695 0.0001

F_HEAD 1 0.1097 0.027 16.515 <.0001

F_CHEST 1 -0.0201 0.0215 0.8772 0.349

F_UPPER 1 -0.1167 0.0183 40.6559 <.0001

F_LOWER 1 -0.0783 0.0132 35.4692 <.0001

S_HEAD 1 -0.1497 0.0482 9.6314 0.0019

S_CHEST 1 -0.0053 0.0144 0.1351 0.7132

S_ABDO 1 -0.0636 0.0276 5.3253 0.021

S_PELVIS 1 -0.2465 0.1 6.0845 0.0136

Likelihood Ratio: 2 (8)=190.2, p<0.005 
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Table C2: Parameters of the logistic model of UCSR crashworthiness ratings with 
vehicle mass and the ANCAP body region scores from the offset frontal test and the 
side impact test as explanatory variables  

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -1.7009 0.4271 15.8616 <.0001 

KERBMASS 1 -0.0004 0.000049 69.731 <.0001 

F_HEAD 1 0.0572 0.0271 4.4651 0.0346 

F_CHEST 1 -0.0065 0.0217 0.089 0.7655 

F_UPPER 1 -0.092 0.0187 24.0592 <.0001 

F_LOWER 1 -0.0913 0.0133 47.0746 <.0001 

S_HEAD 1 -0.0945 0.0486 3.7843 0.0517 

S_CHEST 1 0.00378 0.0145 0.0676 0.7949 

S_ABDO 1 -0.0095 0.0283 0.1121 0.7377 

S_PELVIS 1 -0.1672 0.0992 2.8417 0.0918 

Likelihood Ratio: 2 (9)=263.0, p<0.005 
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Table C3: Parameters of the logistic model of UCSR crashworthiness ratings with the 
ANCAP body region scores from the offset frontal test and the side impact test and 
bonus points associated with the optional side impact pole test and seatbelt reminder 
systems as explanatory variables 

Parameter DF Estimate
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -1.662 0.4305 14.9029 0.0001

F_HEAD 1 0.1034 0.0272 14.4566 0.0001

F_CHEST 1 -0.013 0.0218 0.355 0.5513

F_UPPER 1 -0.1165 0.0192 36.9428 <.0001

F_LOWER 1 -0.076 0.0171 19.7165 <.0001

S_HEAD 1 -0.1498 0.0483 9.6221 0.0019

S_CHEST 1 -0.0013 0.0146 0.0082 0.9281

S_ABDO 1 -0.0655 0.0276 5.6243 0.0177

S_PELVIS 1 -0.2473 0.1 6.1123 0.0134

POLE 1 -0.129 0.0627 4.2289 0.0397

SEATBELT 1 0.00929 0.0431 0.0464 0.8294

Likelihood Ratio: 2 (10)=194.8, p<0.005 
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Table C4: Parameters of the logistic model of UCSR crashworthiness ratings with the 
ANCAP body region scores from the offset frontal test and the side impact test, 
vehicle mass and bonus points associated with the optional side impact pole test and 
seatbelt reminder systems as explanatory variables 

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -1.7247 0.4277 16.2617 <.0001 

KERBMASS 1 -0.0004 0.000049 72.8634 <.0001 

F_HEAD 1 0.0514 0.0272 3.5746 0.0587 

F_CHEST 1 0.00448 0.0221 0.0409 0.8398 

F_UPPER 1 -0.0993 0.0194 26.1781 <.0001 

F_LOWER 1 -0.1054 0.0173 37.0224 <.0001 

S_HEAD 1 -0.0889 0.0487 3.3361 0.0678 

S_CHEST 1 0.01 0.0147 0.4623 0.4965 

S_ABDO 1 -0.0086 0.0284 0.0907 0.7633 

S_PELVIS 1 -0.1613 0.0995 2.6289 0.1049 

POLE 1 -0.1488 0.0629 5.6023 0.0179 

SEATBELT 1 0.0722 0.0425 2.8827 0.0895 

Likelihood Ratio: 2 (11)=270.5, p<0.005 
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APPENDIX D: OUTPUT OF LOGISTIC REGRESSION ANALYSIS 
USING ANCAP COMPONENT SCORES EQUAL TO THE MINIMUM 
BODY REGION SUB-SCORE 

Table D1: Parameters of the logistic model of UCSR crashworthiness ratings with the 
minimum body region sub-scores within the offset frontal test and the side impact test 
as explanatory variables 

Parameter DF Estimate
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -3.3334 0.0324 10610.3627 <.0001

T_FRONT1 1 -0.0986 0.0151 42.782 <.0001

T_SIDE1 1 -0.0357 0.0114 9.8696 0.0017

Likelihood Ratio: 2 (2)=57.3, p<0.005 

Table D2: Parameters of the logistic model of UCSR crashworthiness ratings with 
vehicle mass and the minimum body region sub-scores within the offset frontal test 
and the side impact test as explanatory variables 

Parameter DF Estimate
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -2.5904 0.0694 1391.7426 <.0001

KERBMASS 1 -0.0006 0.0000 145.511 <.0001

T_FRONT1 1 -0.1130 0.0153 54.5137 <.0001

T_SIDE1 1 -0.0017 0.0115 0.0212 0.8842

Likelihood Ratio: 2 (3)=207.5, p<0.005 
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Table D3: Parameters of the logistic model of UCSR crashworthiness ratings with 
bonus points associated with the optional side impact pole test and seatbelt reminder 
systems and the minimum body region sub-scores within the offset frontal test and 
the side impact test as explanatory variables 

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -3.3311 0.0323 10625.8403 <.0001 

T_FRONT1 1 -0.0556 0.0191 8.513 0.0035 

T_SIDE1 1 -0.0377 0.0115 10.8054 0.001 

POLE 1 -0.1161 0.0613 3.5904 0.0581 

SEATBELT 1 -0.1348 0.0407 10.954 0.0009 

Likelihood Ratio: 2 (4)=76.4, p<0.005 

Table D4: Parameters of the logistic model of UCSR crashworthiness ratings with 
vehicle mass, bonus points associated with the optional side impact pole test and 
seatbelt reminder systems and the minimum body region sub-scores within the offset 
frontal test and the side impact test as explanatory variables 

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -2.5959 0.0709 1339.3555 <.0001 

KERBMASS 1 -0.0006 0.0000 135.5924 <.0001 

T_FRONT1 1 -0.1078 0.0194 30.7284 <.0001 

T_SIDE1 1 0.0007 0.0117 0.0035 0.9529 

POLE 1 -0.1624 0.0618 6.9138 0.0086 

SEATBELT 1 -0.0053 0.0406 0.0172 0.8955 

Likelihood Ratio: 2 (5)=215.7, p<0.005 
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APPENDIX E: OUTPUT OF LOGISTIC REGRESSION ANALYSIS 
USING ANCAP COMPONENT SCORES EQUAL TO THE PRODUCT 
OF THE BODY REGION SUB-SCORES 

Table E1: Parameters of the logistic model of UCSR crashworthiness ratings with the 
product of the body region sub-scores within the offset frontal test and the side 
impact test as explanatory variables 

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -3.3477 0.0301 12337.4358 <.0001

T_FRONT2 1 -0.00294 0.000417 49.8143 <.0001

T_SIDE2 1 -0.00051 0.000172 8.7555 0.0031

Likelihood Ratio: 2 (2)=65.8, p<0.005 

Table E2: Parameters of the logistic model of UCSR crashworthiness ratings with 
vehicle mass and the product of the body region sub-scores within the offset frontal 
test and the side impact test as explanatory variables 

Parameter DF Estimate
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -2.6210 0.0683 1473.3149 <.0001

KERBMASS 1 -0.0005 0.0000 140.2053 <.0001

T_FRONT2 1 -0.0032 0.0004 56.1762 <.0001

T_SIDE2 1 0.0000 0.0002 0.0034 0.9532

Likelihood Ratio: 2 (3)=210.7, p<0.005 
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Table E3: Parameters of the logistic model of UCSR crashworthiness ratings with 
bonus points associated with the optional side impact pole test and seatbelt reminder 
systems and the product of the body region sub-scores within the offset frontal test 
and the side impact test as explanatory variables 

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -3.3469 0.0302 12280.1577 <.0001

T_FRONT2 1 -0.00187 0.000608 9.4891 0.0021

T_SIDE2 1 -0.00053 0.000175 9.3619 0.0022

POLE2 1 -0.055 0.0284 3.7627 0.0524

SEATBELT 1 -0.0998 0.0469 4.5405 0.0331

Likelihood Ratio: 2 (4)=76.84, p<0.005 

Table E4: Parameters of the logistic model of UCSR crashworthiness ratings with 
vehicle mass, bonus points associated with the optional side impact pole test and 
seatbelt reminder systems and the product of the body region sub-scores within the 
offset frontal test and the side impact test as explanatory variables 

Parameter DF Estimate 
Standard 

Error 
Wald Chi-

Square Pr > ChiSq 

Intercept 1 -2.6031 0.0701 1378.1447 <.0001 

KERBMASS 1 -0.00056 0.000047 138.1252 <.0001 

T_FRONT2 1 -0.00364 0.000628 33.5031 <.0001 

T_SIDE2 1 0.000066 0.000179 0.1359 0.7124 

POLE2 1 -0.0751 0.0286 6.9239 0.0085 

SEATBELT 1 0.0617 0.0477 1.6742 0.1957 

Likelihood Ratio: 2 (5)=218.8, p<0.005 
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APPENDIX F: DISTRIBUTION OF SERIOUS INJURIES (AIS 
SEVERITY GREATER THAN 1) RECORDED IN TAC CLAIMS 
DATA, 2000-2004 

Percentages in brackets represent the percentage of seriously injured occupants involved in 
a particular type of crash who received a serious injury to the particular body region. For 
example of seriously injured occupants involved in frontal impacts between two vehicles, 
30.3% (or 1,452) received a serious head injury, while only 4.2% (201) received a serious 
face injury. Similarly, of seriously injured occupants of side-impacted vehicles in which 
the striking object was another vehicle, 37.4% received serious head injuries, while 2.9% 
received serious facial injuries.  

Table F1: Distribution of serious injury cases in which head, neck or face body 
regions are seriously injured by crash type 

  Head Face Head or Face Neck 
Head, Neck or 

Face 

Frontal Impacts           

- veh. to veh. 1,452 (30.3%) 201 (4.2%) 1,574 (32.8%) 6 (0.1%) 1,577 (32.9%)

- fixed object 1,021 (37.1%) 199 (7.2%) 1,123 (40.9%) 3 (0.1%) 1,124 (40.9%)

- all 2,473 (32.8%) 400 (5.3%) 2,697 (35.8%) 9 (0.1%) 2,701 (35.8%)

Side Impacts        

- veh. to veh. 1,321 (37.4%) 101 (2.9%) 1,381 (39.1%) 1 (0.0%) 1,382 (39.2%)

- fixed object 669 (36.3%) 70 (3.8%) 701 (38.0%) 1 (0.1%) 702 (38.1%)

- all 1,990 (37.0%) 171 (3.2%) 2,082 (38.8%) 2 (0.0%) 2,084 (38.8%)

Other Impacts 3,773 (36.7%) 446 (4.3%) 3,959 (38.5%) 17 (0.2%) 3,964 (38.6%)

All crash types 8,236 (35.5%) 1,017 (4.4%) 8,738 (37.7%) 28 (0.1%) 8,749 (37.7%)
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Table F2: Distribution of serious injury cases in which chest or abdomen and pelvic 
regions are seriously injured by crash type 

  Chest Spine 

Abdomen  

and Pelvis 
Chest or Spine or 

Abdomen and Pelvis 

Frontal Impacts         

- veh. to veh. 1,029 (21.5%) 343   (7.2%) 259 (5.4%) 1,482 (30.9%)

- fixed object 475 (17.3%) 264   (9.6%) 187 (6.8%) 801 (29.1%)

- all 1,504 (19.9%) 607   (8.0%) 446 (5.9%) 2,283 (30.3%)

Side Impacts      

- veh. to veh. 689 (19.5%) 226   (6.4%) 230 (6.5%) 1,010 (28.6%)

- fixed object 290 (15.7%) 151   (8.2%) 100 (5.4%) 438 (23.8%)

- all 979 (18.2%) 377   (7.0%) 330 (6.1%) 1,448 (27.0%)

Other Impacts 1,470 (14.3%) 1,040 (10.1%) 539 (5.2%) 2,618 (25.5%)

All crash types 3,953 (17.0%) 2,024   (8.7%) 1,315 (5.7%) 6,349 (27.4%)

 

Table F3: Distribution of serious injury cases in which lower extremity, upper 
extremity and external regions are seriously injured by crash type 

  Lower Extremities Upper Extremities External 

Frontal Impacts       

- veh. to veh. 1,207 (25.2%) 1,117 (23.3%) 1,291 (26.9%)

- fixed object 656 (23.9%) 665 (24.2%) 736 (26.8%)

- all 1,863 (24.7%) 1,782 (23.6%) 2,027 (26.9%)

Side Impacts    

- veh. to veh. 760 (21.5%) 684 (19.4%) 930 (26.4%)

- fixed object 450 (24.4%) 505 (27.4%) 496 (26.9%)

- all 1,210 (22.5%) 1,189 (22.1%) 1,426 (26.5%)

Other Impacts 3,375 (32.8%) 2,609 (25.4%) 2,482 (24.1%)

All crash types 6,448 (27.8%) 5,580 (24.1%) 5,935 (25.6%)
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