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FOREWORD  
Through sponsorship and support from the Victorian Transport Accident Commission (TAC), the Monash 
University Accident Research Centre (MUARC) with leading local and international partners established the 
Enhanced Crash Investigation Study (ECIS). 

The ECIS program was designed to provide insight into how crashes occur and then using this information, 
identify measures that would be effective in preventing occupants of vehicles being seriously injured in the 
event of a crash. 

The findings of the ECIS program are presented over four reports. This report is the first in the series and 
provides an overview of the key features of ECIS and high-level findings. Focus areas for this report are:  

• Overview of the ECIS program and rationale. 

• Description of the ECIS study design and data collection. 

• Description of crashes and associated injury severity outcomes. 

• Contributing factors for crash occurrence and injury outcomes. 

• An assessment of the safety performance of Victoria’s road transport system as it applies to passenger 
vehicle crashes against an inherently safe road transport system. 

The goal in undertaking this research was to identify opportunities to improve road safety in Victoria. It is 
anticipated that the findings will be of value in the development of future road safety strategies. With the 
findings presented in a manner consistent with the Safe System approach, the findings can serve as a baseline 
against which the impact of future actions can be measured. 
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EXECUTIVE SUMMARY 

THE ENHANCED CRASH INVESTIGATION STUDY (ECIS) 
The Transport Accident Commission (TAC) through its role as Victoria’s statutory no-fault transport accident 
insurer has the legislative objectives under the Transport Accident Act 1986 (Vic.) of reducing the incidence 
of crashes and facilitating post-crash care, rehabilitation and other forms of assistance for those injured in 
crashes.  

In its most recent strategy, TAC 2020, the TAC committed to a vision of zero deaths and serious injuries on 
Victorian roads. The TAC also committed to becoming the world’s leading social insurer. To achieve this, the 
TAC continues to improve the way it works to ensure the best recovery possible and by providing pathways to 
independence for those requiring life-long care following a crash. At the same time, the TAC continues to 
search for new ways to reach its vision of zero deaths and serious injuries. ECIS was designed to provide insight 
into how this vision can be achieved.  

CONCEPTUAL APPROACH ADOPTED IN THE ECIS PROGRAM 
The ECIS program adopted the principles outlined by William Haddon and used the Haddon Matrix as a 
framework in the analysis of individual crashes. The Vision Zero concept was the foundation upon which ECIS 
was built. Vision Zero has considerable strengths. By understanding the impact of injury on health and being 
underpinned by an ethical framework, Vision Zero provides a direct pathway toward the elimination of serious 
injury, a goal that is shared by the Safe System approach.  

With Victoria having adopted the Safe System approach in successive road safety strategies, the ECIS program 
represents an important opportunity to examine the factors that are associated with crash occurrence and 
injury severity. This then provides the necessary basis to assess the performance of the Victorian road transport 
system against the idealised, inherently safe form required by Vision Zero and the Safe System approach 
where serious injury is eliminated. Doing so will give Victoria the tools it needs to achieve its longer-term 
ambition of zero serious injuries on Victorian roads. 

ECIS OBJECTIVES AND PROGRAM STRUCTURE 
The ECIS program was designed to: 

1. Provide the TAC with insight into how serious injury crashes occur. 

2. Identify measures that would be effective in preventing occupants of vehicles being seriously injured 
in the event of a crash, in addition to identifying crash prevention measures. 

To achieve these objectives, the ECIS program consisted of two inter-related components: 

1. The in-depth investigation of serious injury crashes through the enrolment and interview of 400 
injured and hospitalised drivers, known as the ECIS Case Study. 

2. Measurement of travel speed and subsequent survey of drivers at selected crash locations, known as 
the ECIS Control Study. 

ECIS DESIGN AND METHODS 
THE ECIS CASE STUDY 
The ECIS program studied the crashes of 400 drivers who were admitted to The Alfred Hospital or The Royal 
Melbourne Hospital for treatment. As major trauma triage protocols dictate that seriously injured adults be 
directly transported to either of these two hospitals due to their status as Adult Trauma Centres, the ECIS 
program included drivers involved in crashes from across Victoria. Drivers provided informed consent to 
participate in the study whilst hospitalised. Enrolment to the ECIS program commenced in August 2014 and 
ceased in December 2016 (29 months in total). 

To be eligible for the study, drivers had to be at least 18 years of age and were injured in a crash that occurred 
in Victoria. Drivers or their Next-of-Kin had to be able to provide informed consent following explanation of 
the study. Each was offered ‘time-to-think’ and given the opportunity to discuss participation with other 
persons prior to enrolment. There were no entry criteria based on vehicle age. Exclusion criteria were 
predominantly based on the welfare of the injured driver and with consideration for their ability to provide 
informed consent to participate. 
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In total, 400 drivers were enrolled to the study. For seven crashes, drivers from both crash-involved vehicles 
were enrolled. Consequently, the ECIS program included 393 crashes.  

The consent rate was 67% (males: 65%; females: 68%); however, the consent rate was lower for male drivers 
aged 18 – 40 years (58%, cf. female: 70%), while the consent rate of 76+ year old females (58%) was low relative 
to same aged males (71%). The age distribution of enrolled drivers reflected the admitted hospital population 
for both males and females and there was no difference in the age distribution of drivers that agreed to 
participate and those that declined. The ECIS program achieved a participation rate of 45% overall (male: 43%; 
female: 47%), meaning that just under half of all injured drivers classified as being eligible for the ECIS 
program elected to participate. 

Each crash was examined in detail, commencing with an interview with the consenting driver (or their Next-
of-Kin where required due to the severity of injuries), inspection of the crashed vehicle and inspection of the 
crash scene. Extensive supplementary information sources were used to validate the crash and to provide 
further information regarding events leading up to the crash and its aftermath. Injuries were coded using 
information obtained from medical records.  

Using the Abbreviated Injury Scale (AIS) system, the highest AIS severity score of all of the injuries sustained 
was identified as the Maximum AIS score (MAIS). The threshold MAIS used to define serious injury was MAIS 
3 or higher, referred to as MAIS 3+. This was defined for the ECIS driver as well as for the crash. This definition 
was adopted due to its direct link to the assessment of vehicle safety and the well-known debilitating nature of 
these injuries. 

A comprehensive computer-based crash reconstruction was performed for each crash. This enabled a detailed 
understanding of crash dynamics, including travel speed, braking and impact speed. Event Data Recorder (i.e., 
black box) information was accessed and used where possible. 

Using all available information, factors that contributed to the occurrence of each crash and associated injuries 
were identified. This was done using an extensive and systematic process.  

THE ECIS CONTROL ARM 
In addition to the enrolment of injured drivers, the ECIS program included a ‘control’ arm. The purpose of this 
was to directly compare key characteristics of drivers involved in a crash at a given site with those who were 
not. Of principal interest was the association between travel speed and crash risk. To achieve this, the ‘free’ 
(unimpeded) travel speed of vehicles passing through locations where a crash had occurred was recorded and 
compared against the travel speed of vehicles involved in a crash at the same location.  

Travel speeds of 9,278 drivers that passed through 228 ECIS crash locations were measured. This was done 
using a laser speed camera. This was undertaken on the same week day that the crash occurred within a 30-
minute window of the known crash time. So as to maximise the comparability of traffic conditions at the time 
of the crash, vehicles observed closest to the known crash time were of principal interest. 

Of the drivers with their free travel speed recorded, 4,636 received a comprehensive survey in the mail. This 
captured their driving history and knowledge of the road they were observed driving on. In total, 1,536 surveys 
were returned (33.1%).  

RESULTS: THE ECIS DRIVER SAMPLE AND CRASHES 
Characteristics of injured drivers and crashes were as follows: 

• 400 drivers involved in 393 crashes were enrolled to the ECIS program. In total, 923 road users were 
involved in these crashes with 548 requiring medical treatment in hospital; 17 people died as a result 
of their injuries (16 crashes). 

• 55.8% (n = 223) of drivers enrolled to the ECIS program were male (MAIS 3+: 48.0%) and 44.2% (n 
= 177) were female (MAIS 3+: 45.8%). Drivers were drawn from all age groups (Range = 19–93 years). 

• Drivers injured in regional Victoria comprised 36.8% (n = 147) of all enrolled drivers and 63.2% (n = 
253) were injured in crashes that occurred in urban areas. 

• 37.3% (n = 149) of ECIS drivers were injured in single vehicle crashes and 62.7% (n = 251) of ECIS 
drivers were injured in multi-vehicle crashes.  

• Crashes were classified as Lane Departure crashes (50.6%; n = 199), Across Path crashes (29.8%; n = 
117) or Rear Impact crashes (17.3%; n = 68). A small number of crashes were classified as ‘Other’ (2.3%; 
n = 9); these crashes involved complex and multiple vehicle movements. Differences were evident with 
respect to the demographic profile of involved drivers as well as their level of injury.  
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• ECIS can be described as a high severity sample with a high proportion of drivers sustaining MAIS 2 
injuries (32.0%; n = 128) and MAIS 3+ injuries (47.0%; n = 188). For comparison, of all hospitalised 
drivers that lodged a claim to the TAC in the same period, 34.8% sustained MAIS 2 injuries and 18.2% 
had sustained MAIS 3+ injuries (Figure E.1, see Section 3.4.3). This higher level of injury severity was 
reflected in the need for more intensive support from the TAC and higher lifetime costs for these 
clients. 

HOSPITALISED DRIVERS IN VICTORIA (TAC CLAIMANTS) ECIS DRIVERS 

  
FIGURE E.1 INJURY DISTRIBUTION OF ECIS DRIVERS AND HOSPITALISED DRIVER TAC CLAIMANTS 
These characteristics provide a high-level snap shot of the demographic, injury severity and crash 
characteristics of drivers enrolled into the ECIS program. The findings are extensive and differences were 
evident in the driver and injury characteristics across the different crash types examined. These differences 
will be important to consider in the selection and prioritisation of road safety countermeasures to ensure 
optimum injury reductions are achieved. Given the high injury severity of crashes included in the ECIS 
program, any road safety measures that stem from these data and associated findings are most relevant to 
crashes that result in the hospitalisation of at least one involved vehicle occupant in a major trauma centre. 

PRINCIPAL FINDINGS 
An extensive array of findings are presented in this report. These are described in detail across a series of 
chapters followed by a discussion at the conclusion of each chapter. The top-level findings are presented in 
Table E.1 and a summary of each presented below. 

The findings are ordered in such a way that builds toward a comprehensive understanding of factors that 
underpin crashes and injuries. Taken as a whole, the interdependencies between the three components of the 
road transport system—Safe Drivers, Safe Vehicles, Safe Roads—will become clear. With vehicle speed playing 
a key role in shaping the safety of the road transport system and being integral to each of the system 
components, the relationship between vehicle travel speed and crash risk is examined, as is the role of impact 
speed in determining injury severity.  

By stepping through the key findings in this way, the link to Vision Zero will become clear, as will the factors 
that will need to be addressed in order for Victoria to achieve its ambition of zero drivers and occupants 
suffering serious injuries in crashes in the future. 
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TABLE E.1 TABLE OF PRINCIPAL FINDINGS 
PRINCIPAL FINDINGS 

1 Crashes were highly injurious events, with some crash types being more injurious than others 

2 Crashes and associated injuries had a significant impact on those involved and the resource implications for 
the health system and the TAC were large 

3 Male and female drivers of all ages were seriously injured 

4 Crashes in regional Victoria were especially severe 

5 Driver performance failures, including errors, inattention, health state and non-compliant behaviour all 
contributed to crashes 

6 Vehicle failures leading to crashes were rare although tyre quality was a factor 

7 Road infrastructure and road design were associated with crash occurrence 

8 Roads with high levels of in-built risk promoted driver error 

9 Travel speed was associated with crash risk 

10 Only half of all drivers braked immediately prior to the crash, ‘wiping-off’ less than one-third of the travel speed 
due to short braking time 

11 Impact speed was associated with sustaining serious MAIS 3+ injuries, with injury risk increasing with higher 
impact speeds 

12 Injury severity differed according to the collision object 

13 Seat-belt non-use remains a problem and was associated with injury 

14 Many vehicles had few safety features and the occupant protection level was generally low, but drivers of 
newer vehicles fared better 

15 Crash location combined with the extent of vehicle damage and associated occupant entrapment represented a 
challenge for first responders 

16 Vehicle safety star ratings were associated with injury severity: 5-star cars matter 

17 Crashes occurred at impact speeds higher than the safety limit of vehicles, including where involved drivers 
were compliant with the speed limit 

18 In crashes where pre-defined safe systems-related criteria were met, no vehicle occupant was seriously injured 

19 Significant gaps exist in the performance of the Victorian road transport system when measured against the 
criteria shown to eliminate serious injury 

20 Compliant drivers were largely unsupported by the poor safety performance of their vehicle and road 
environment–including absent safety infrastructure and/or mismatched speed limits–where the crash occurred 
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FINDING 1: CRASHES WERE HIGHLY INJURIOUS EVENTS, WITH SOME CRASH TYPES BEING MORE 
INJURIOUS THAN OTHERS 

Overall, 47% of drivers admitted to hospital and enrolled to the ECIS program sustained MAIS 3+ injuries. 
Taking into consideration all involved occupants, 52.2% of ECIS crashes resulted in at least one road user 
sustaining an MAIS 3+ injury (see Chapter 3, 4, and 5). 

Lane Departure crashes were particularly severe with 63.8% resulting in MAIS 3+ injuries for at least one 
involved road user; this is compared to Across Path crashes (50.4%) and Rear Impact crashes (20.6%). Roads 
with higher speed limits (> 80 km/h) were generally associated with a higher proportion of drivers sustaining 
MAIS 3+ injuries. 

The analysis indicated that particular crash sub-types had an especially high injury burden, including for 
example head-on crashes on curves (MAIS 3+: 78.9% of drivers) and head-on crashes on straight road 
segments (MAIS 3+: 67.3% of drivers). These accounted for 9.4% and 27.2% of drivers enrolled to the ECIS 
program respectively. 

FINDING 2:  CRASHES AND ASSOCIATED INJURIES HAD A SIGNIFICANT IMPACT ON THOSE INVOLVED 
AND THE RESOURCE IMPLICATIONS FOR THE HEALTH SYSTEM AND THE TAC WERE LARGE 

Injured drivers required considerable medical care to manage their injuries. That these drivers were treated in 
adult trauma centres reflects the extent of this need. This was driven largely by the severity of injuries sustained 
(Table E.2; see Section 3.4). 

The mean length of stay in hospital for drivers enrolled to the ECIS program was 8.6 days with half being 
admitted to hospital for more than 6 days; 16.0% were in hospital for longer than 14 days. Further, 39.2% 
required additional care and were discharged to a specialist acute care or rehabilitation hospital. 

These needs were higher for drivers with higher levels of injury. For instance, for drivers with MAIS 3+ injuries 
the mean length of stay in the acute care setting was 12.6 days (Median = 10 days) with 29.3% being admitted 
for longer than 14 days. Of particular note was that nearly two-thirds (64.4%) of these drivers required 
additional care and were discharged to a specialist acute care or rehabilitation hospital. 

TABLE E.2 LENGTH OF STAY AND DISCHARGE STATUS OF ECIS DRIVERS 
RESOURCE USE / OUTCOME ECIS DRIVERS† DRIVER INJURY SEVERITY† 

MAIS 1 MAIS 2 MAIS 3+ 

ECIS drivers (N) 400  84  128  188  

LENGTH OF STAY         

Mean (SD) 8.6 (7.6)  3.8 (3.7) 5.8 (4.3) 12.6 (8.6) 

Median 6.0  3.0 4.0 10.0 

Range 1.0–43.0  1.0–28.0 1.0–26.0 1.0–43.0 

% > 14 days (N) 16.0% (64)  3.6% (3) 4.7% (6) 29.3% (55) 

DISCHARGE STATUS         

Home 242 60.5% 79 94.0% 97 75.8% 66 35.1% 

Rehabilitation, or other 157 39.2% 5 6.0% 31 24.2% 121 64.4%* 

Died in hospital 1 0.3% 0 0.0% 0 0.0% 1 0.5% 
† % by column; * 1 driver discharged to rehabilitation later died. 

Injury severity was directly related to on-going care needs. This was reflected by the high allocation of injured 
drivers to the TAC Independence and Supported Recovery claims divisions. The direct financial cost to the 
TAC was high, with the mean estimated lifetime cost for drivers being A$190,000. This high mean cost was 
driven by the very high cost associated with providing care for drivers with MAIS 3+ injuries (A$330,000). 

Financial costs to the TAC differed by crash type. For instance, the mean estimated financial cost of Lane 
Departure crashes was A$360,000 with head-on crashes on straight road sections having the highest mean 
cost to the TAC (A$590,000) of all crash types examined. In contrast, the mean cost of Across Path crashes 
was A$140,000 while for Rear Impact crashes this was A$110,000. The total financial cost of the 393 crashes 
to the TAC was estimated to be A$96.8 million while the broader costs to the community was estimated to be 
A$420.6 million. 
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FINDING 3: MALE AND FEMALE DRIVERS OF ALL AGES WERE SERIOUSLY INJURED 
Approximately half of all male and female ECIS drivers sustained high severity MAIS 3+ injuries (Table E.3). 
Drivers across every age group sustained MAIS 3+ injuries. 

TABLE E.3 DEMOGRAPHIC CHARACTERISTICS OF ECIS DRIVERS 
DRIVER SEX ECIS DRIVERS† DRIVER INJURY SEVERITY‡ 

MAIS 1 MAIS 2 MAIS 3+ 

Female 177 44.2% 43 24.3% 53 29.9% 81 45.8% 

Male 223 55.8% 41 18.4% 75 33.6% 107 48.0% 
† % by column; ‡ % by row. 

A range of other driver, trip and crash characteristics are examined in detail in Chapter 4 and Chapter 5 of the 
report. 

FINDING 4: CRASHES IN REGIONAL VICTORIA WERE ESPECIALLY SEVERE 
Crashes in regional Victoria carry a disproportionate injury burden. Almost two-thirds of ECIS drivers 
sustained MAIS 3+ injuries in crashes that occurred in outer regional (66.7%) and inner regional (63.3%) parts 
of Victoria (Figure E.2). Drivers involved in these crashes represented 36.8% of the ECIS driver sample, but 
accounted for half of all drivers with an MAIS 3+ injury (see Section 4.6 for detail). 

  
FIGURE E.2 CRASH LOCATION AND ECIS DRIVER INJURY SEVERITY 
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FINDING 5: DRIVER PERFORMANCE FAILURES, INCLUDING ERRORS, INATTENTION, HEALTH STATE AND 
NON-COMPLIANT BEHAVIOUR ALL CONTRIBUTED TO CRASHES 

Driver-based contributing factors in the form of performance failures—inclusive of driver error, driving task 
behaviours and inattention, health and driver state factors, and non-compliant behaviour—were identified to 
have played a contributory role in all but two crashes (99.5%) (see Section 6.2). That is, these factors were 
identified by the ECIS Crash Investigation Team as being present and playing an active role towards the 
occurrence of the crash. 

Driver error included unintentional acts or omissions associated with the driving task. Driver error was 
identified to be a contributing factor in 59.5% of crashes, although this was higher for Across Path crashes 
(70.1%) and Rear Impact crashes (70.6%) than in Lane Departure crashes (49.2%). This includes gap 
judgement errors, vehicle control errors and perceptual errors including looked but failed to see. (Table E.4).  

Other important performance failures included behaviours relating to the driving task itself, including failing 
to keep an adequate headway (i.e., travelling too close to other vehicle), and driving in a manner adverse to the 
prevailing weather and road conditions. 

Driver inattention was observed in just under half of all crashes (48.6%). This included inward thoughts and 
reflections (15.3%), attending to objects outside of the vehicle unrelated to the safe control of the vehicle 
(11.7%), performing self-care and non-driving related activities in the vehicle (5.6%), passenger interactions 
(5.1%) and mobile phone use (3.8%).  

Mobile phone use was strictly limited to the confirmed physical handling and concurrent use of the mobile 
phone. This included dialling, texting, talking, looking at the screen and/or passing the phone to a passenger. 
Using this definition, mobile phone use was a contributing factor in 3.8% of crashes overall. This was higher 
in MAIS 3+ crashes (4.9%), with differences across the three crash types evident (Lane Departure: 5.5%; Across 
Path: 1.7%; Rear Impact: 14.3%).  

TABLE E.4 PERCENTAGE OF CRASHES WHERE PERFORMANCE FAILURE(S) ACTED AS A 
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (ALL SEVERITIES) 

PERFORMANCE FAILURE 
CONTRIBUTING FACTOR 

ALL CRASHES† 
(N = 393)# 

CRASH TYPE† 

LANE DEPARTURE  
(N = 199) 

ACROSS PATH  
(N = 117) 

REAR IMPACT 
(N = 68) 

Error 59.5% 49.2% 70.1% 70.6% 

Fail to see traffic signs / signals 6.1% 2.0% 12.8% 5.9% 

Fail to see hazard / not look 11.5% 3.5% 20.5% 20.6% 

Judgement error 16.3% 16.6% 17.9% 10.3% 

Vehicle control error 20.4% 31.7% 6.0% 10.3% 

By other driver (type unspecified) 21.6%∞ 7.0%∩ 36.2% 41.2% 

Behaviours relating to the driving task 44.0% 41.2% 41.0% 55.9% 

Inappropriate gap 5.9% 0.0% 0.9% 32.4% 

Driving adverse to conditions 18.6% 26.6% 6.8% 14.7% 

Unsafe action 25.7% 20.1% 35.9% 23.5% 

Inattention 48.6% 50.8% 41.9% 54.4% 

Outside vehicle 11.7% 10.1% 12.0% 13.2% 

Self / inward focus (thoughts) 15.3% 18.1% 13.7% 11.8% 

Activities in vehicle 5.6% 7.5% 3.4% 4.4% 

Passenger interactions 5.1% 4.0% 5.1% 7.4% 

Technology (phone use) 3.8% 3.5% 3.4% 5.9% 

Other unspecified source 6.9% 7.5% 3.4% 11.8% 
# includes 9 ‘other’ crashes not shown as crash type; † % by column; ∞ 34.8% of multiple vehicle crashes (MVC) (n = 244); ∩ 19.7% of 14 MVC. 
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Health and driver state factors were a contributing factor in 41.7% of crashes. These included physical and 
mental health conditions, as well as driver drowsiness. These factors were more prevalent in Lane Departure 
crashes (54.8%) than in Across Path (22.2%) and Rear Impact crashes (39.7%). Driver drowsiness was the 
most common factor (25.4%)–and was particularly evident in Lane Departure crashes (36.7%)–followed by 
physical health (medical) conditions (14.5%) and mental health conditions (12.2%) (Table E.5). 

TABLE E.5 PERCENTAGE OF CRASHES WHERE HEALTH FACTORS AND DRIVER STATE ACTED AS A 
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (ALL SEVERITIES) 

HEALTH AND DRIVER STATE 
CONTRIBUTING FACTORS 

ALL CRASHES† 
(N = 393)# 

CRASH TYPE† 

LANE DEPARTURE  
(N = 199) 

ACROSS PATH  
(N = 117) 

REAR IMPACT 
(N = 68) 

Health and driver state factors 41.7% 54.8% 22.2% 39.7% 

Effects of prescribed medication 6.6% 10.6% 1.7% 4.4% 

Physical health (medical) condition 14.5% 18.1% 6.0% 17.6% 

Acute illness (transient) 5.6% 6.5% 4.3% 5.9% 

Mental health and/or psychological 
distress 12.2% 17.1% 8.5% 5.9% 

Driver state (drowsy, fell asleep) 25.4% 36.7% 12.0% 19.1% 
# includes 9 ‘other’ crashes not shown as crash type; † % by column. 

Non-compliant behaviour was common and was evident in 56.2% of crashes overall but 82.9% of Across Path 
crashes and 52.3% of Lane Departure crashes (Table E.6). The most common non-compliant behaviour across 
all crash types was exceeding the speed limit (26.2%) followed by alcohol and/or illicit drug use (19.1%). A 
failure to yield to on-coming vehicles and disregarding traffic controls were the most common non-compliant 
behaviours seen in Across Path crashes.  

TABLE E.6 CRASHES WHERE NON-COMPLIANT BEHAVIOUR ACTED AS A CONTRIBUTING FACTOR 
NON-COMPLIANT BEHAVIOUR 
CONTRIBUTING FACTORS 

ALL CRASHES† 
(N = 393)# 

CRASH TYPE† 

LANE DEPARTURE  
(N = 199) 

ACROSS PATH  
(N = 117) 

REAR IMPACT 
(N = 68) 

Non-compliant behaviour* 56.2% 52.3% 82.9% 26.5% 

Fail to yield to vehicle 10.7% 0.0% 34.2% 2.9% 

Disregard instruction (traffic light, sign) 13.7% 0.5% 44.4% 1.5% 

Presence (substance) 19.1% 28.6% 8.5% 10.3% 

Alcohol (beyond BAC licence class) 11.2% 17.6% 4.3% 5.9% 

Illicit drugs 12.7% 19.6% 4.3% 7.4% 

Travel speed: exceed speed limit 26.2% 33.7% 22.2% 13.2% 
# includes 9 ‘other’ crashes not shown as crash type; † % by column. 
*Findings related to seat-belt non-use are covered under Finding 13 and mobile phone use (handling) is classified as inattention (Table E.4). 

Multiple factors frequently co-occurred that ultimately led to a crash, highlighting the complexity of factors 
that contribute to crashes. This suggests that a singular focus on one-driver based factor may not result in the 
elimination of that crash. This has important implications for road safety strategy and reinforces the core tenet 
of Vision Zero–that attention needs to be paid to eliminating serious injury rather than the elimination of the 
crash per se. This is not to say ensuring driver compliance and task performance are unimportant, to the 
contrary, these are necessary pre-conditions for the safety performance of the road transport system (see 
Findings 18, 19, 20). 
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FINDING 6: VEHICLE FAILURES LEADING TO CRASHES WERE RARE ALTHOUGH TYRE QUALITY WAS A 
FACTOR 

Vehicle mechanical failure was a direct contributing factor for only two crashes (0.5%). Tyre condition was 
seen to have been a contributory factor in 4.8% of crashes, although this largely related to Lane Departure 
crashes (8.5%). (See Section 6.3). 

FINDING 7: ROAD INFRASTRUCTURE AND ROAD DESIGN WERE ASSOCIATED WITH CRASH 
OCCURRENCE 

Road infrastructure factors assessed in the ECIS Scene Inspection included road surface condition, road 
geometric design, foreign substance(s) on the road, road signage (including driver navigation and decision-
making aids) and factors negatively impacting driver visibility (see Section 6.4). One or more of these factors 
were appraised to have been a contributing factor to 28.8% of crashes. Certain factors were more prominent 
in certain crash types. For instance, absent, limited or poor road signage with regard to navigation and driver 
decision making was a contributing factor in 17.1% of Across Path crashes, while road surface conditions were 
seen to be a contributing factor in 11.6% of Lane Departure crashes (Table E.7).  

TABLE E.7 ROAD INFRASTRUCTURE AS A CONTRIBUTING FACTOR 
ROAD INFRASTRUCTURE 
CONTRIBUTING FACTORS 

ALL CRASHES† 
(N = 393)# 

CRASH TYPE† 

LANE DEPARTURE  
(N = 199) 

ACROSS PATH  
(N = 117) 

REAR IMPACT 
(N = 68) 

Infrastructure factor 28.8% 34.7% 30.8% 10.3% 

Road surface condition 6.4% 11.6% 0.0% 2.9% 

Foreign substance on road 4.6% 8.0% 0.9% 1.5% 

Road geometric design 8.1% 6.0% 14.5% 2.9% 

Road signage / navigation 11.2% 10.6% 17.1% 2.9% 

Road structure and topography 8.1% 11.6% 5.1% 4.4% 

Environmental factors adversely 
impacting visibility 2.8% 2.0% 6.0% 0.0% 

Vision obscured by object, roadworks 3.1% 1.0% 7.7% 0.0% 
# includes 9 ‘other’ crashes not shown as crash type; † % by column. 
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FINDING 8: ROADS WITH HIGH LEVELS OF IN-BUILT RISK PROMOTED DRIVER ERROR 
Using pre-defined road characteristics, ECIS crash locations were appraised for the presence of design and 
operating features that could be considered sub-optimal (see Section 6.4.2). Risk factors included, for instance, 
poorly defined intersections or compromised geometry leading to limited sight distance. These features were 
coupled with high speed limits (≥ 80 km/h). Where present, the in-built risk to road users is considered latent 
as it can adversely impact driver decision-making and safety. The opposite of this is the concept of self-
explaining roads where the decision-making of the driver is shaped by the road design and driver error is 
reduced, if not eliminated altogether. 

At locations where latent infrastructure risk was present, driver error was a contributing factor in 72.4% of 
crashes compared to 55.6% at locations where latent infrastructure risk was absent (Figure E.3). This finding 
highlights the importance of appropriate road design and the need to aid the driver in making safe decisions. 

ALL CRASHES 
No latent infrastructure risk Latent infrastructure risk present 

  
FIGURE E.3 DRIVER ERROR BY THE PRESENCE OF LATENT INFRASTRUCTURE RISK 
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FINDING 9: TRAVEL SPEED WAS ASSOCIATED WITH CRASH RISK 
To assess the risk of being involved in a crash, the pre-crash travel speed estimated from the reconstruction of 
Lane Departure and Across Path crashes was compared to the travel speed of vehicles that drove through the 
same location but did not crash (see Section 6.2.4). This represents the case–control part of the ECIS program. 

The analysis includes urban and rural crashes. Crashes in all speed zones and on all road types (except toll-
roads) were included. Driver age and driver sex was accounted for in the analysis and crashes where a driver 
was positive for alcohol or illicit drugs were excluded, as were drivers self-reporting alcohol and /or illicit drug 
use in the 2 hour period and 12-hour period, respectively, prior to driving. In estimating pre-crash travel 
speeds, a conservative approach was adopted. Factors considered with respect to driver response included 
sight distance, hazard perception, reaction time, and movement time to brake (where applicable). Maximum 
braking–including full ABS benefit where relevant–was assumed. Steps were also taken to ensure that the 
measurement of the travel speed of Control drivers was performed covertly and without detection. These 
findings can therefore be interpreted with confidence. 

Using conditional (fixed effects) logistic regression, a robust association was found between pre-crash vehicle 
travel speed and crash involvement (Figure E.4; see Section 6.2.4). Driving in excess of the speed limit was 
associated with a significantly higher crash risk, even for low level speeding defined as 3 km/h over the speed 
limit (i.e., 25% higher risk; OR: 1.25, 95% CI: 1.18 – 1.32). The crash risk was 44.4% higher (95% CI Range = 
+31% to +59%) when travelling 5 km/h above the speed limit (OR: 1.44, 95% CI: 1.31–1.59) and was more than 
double (+108.5%) when travelling 10 km/h above the speed limit (OR: 2.09, 95%CI: 1.72–2.53). Driving 15 
km/h above the speed limit was associated with a very high crash risk (+201.1%; OR: 3.01, 95%CI: 2.26 – 4.01). 

The analysis shows the protective effect of travelling below the speed limit. For example, travelling 5 km/h 
below the speed limit was associated with a 30.8% lower risk of being involved in a crash (OR: 0.69, 95% CI: 
0.63–0.76). This risk was even lower for drivers travelling 10 km/h (-52.0%) and 15 km/h (-66.8%) below the 
speed limit. 

The association between vehicle travel speed and crash involvement was examined separately for Across Path 
and Lane Departure crashes. This analysis demonstrated that the risk of being involved in a crash for a given 
speed was higher for Across Path crashes (see Section 6.2.4.2) than for Lane Departure crashes (see Section 
6.2.4.1). For instance, travelling at 5 km/h above the speed limit was associated with a 66.0% for Across Path 
crashes compared to a 28.7% higher crash risk for Lane Departure crashes. 

 

FIGURE E.4 RELATIONSHIP BETWEEN TRAVEL SPEED AND CRASH RISK 
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FINDING 10: ONLY HALF OF ALL DRIVERS BRAKED IMMEDIATELY PRIOR TO THE CRASH, ‘WIPING-OFF’ 
LESS THAN ONE-THIRD OF THE TRAVEL SPEED DUE TO SHORT BRAKING TIME 

Pre-crash avoidance actions included attempts at steering and braking immediately prior to the crash (see 
Section 6.2.5). Based on the crash reconstruction, 29.6% of drivers attempted pre-crash steering avoidance 
actions. Steering avoidance actions were more common amongst drivers involved in Lane Departure crashes 
(43.4%), reflecting the higher degree of loss of control and time to avoid on-coming vehicles in those instances. 
Nevertheless, these actions were ineffective as crash avoidance techniques or in preventing serious injury. 

Slightly over half (55.0%) of all crash-involved drivers braked immediately prior to the crash; hence, 44.8% of 
crash-involved drivers did not brake at all; 0.2% of involved vehicles were stationary when struck. When 
drivers did brake, they did so for a very short period of time. The mean braking time was 1.3 seconds with the 
result that the reduction in travel speed was, on average, 23.5 km/h; this translates to a 31.0% reduction of 
pre-crash speed. There were marginal differences in these speed reductions across the different crash types.  

These findings highlight that nearly half of drivers did not brake and those that did reduced their travel speed 
at impact by, on average, one-third. Consequently, the speed at impact reflects to a large degree the pre-crash 
speed, which itself is largely driven by the speed limit. This is a particularly important finding as it has 
consequences for the severity of injury sustained (also see Finding 12), future vehicle safety technology, and 
road infrastructure countermeasures including how speed limits need to be set under the long-term serious 
injury elimination goal. 

It is important to note that in the crash reconstruction process, high levels of brake force application were 
assumed, as was the full benefit of the anti-lock braking system (ABS) where fitted. 

 
FIGURE E.5 CHANGE IN VEHICLE SPEED WITH BRAKING, FROM PRE-CRASH SPEED TO IMPACT SPEED 
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FINDING 11: IMPACT SPEED WAS ASSOCIATED WITH SUSTAINING SERIOUS MAIS 3+ INJURIES, WITH 
INJURY RISK INCREASING WITH HIGHER IMPACT SPEEDS 

Vehicle impact speed was found to be strongly associated with the probability of ECIS drivers sustaining MAIS 
3+ injuries in frontal impact crashes and side impact crashes (Figure E.6; see Section 7.4). 

There are two key findings here, these being: 

1. The probability of injury increases rapidly with higher impact speeds. 

2. The probability of injury to vehicle drivers is higher where the impact occurs to the side of the vehicle 
than the front of the vehicle.   

It can also be seen that the risk of MAIS 3+ injuries in side impact collisions and frontal impact collisions 
converges at higher impact speeds. That drivers involved in side impact crashes have a higher risk of MAIS 3+ 
injuries for the same impact speed than those injured in frontal impacts reflects the limited protective space 
(i.e., crumple zone) against an impacting object and the vehicle occupant. Nonetheless, at an impact speed of 
60 km/h, the probability of sustaining an MAIS 3+ injury in a frontal impact is 50% and this increases rapidly 
with increasing impact speed. This shows that even in frontal impacts, the ability of the vehicle to withstand 
high impact speeds and protect the occupant(s) from serious injury is severely limited. 

 
FIGURE E.6 PROBABILITY (95% CONFIDENCE INTERVALS) OF AN ECIS DRIVER SUSTAINING AN MAIS 3+ 

INJURY IN A FRONTAL IMPACT AND SIDE IMPACT CRASHES BY IMPACT SPEED 
Linking Finding 9 (travel speed and crash risk), Finding 10 (limited braking) and Finding 11 (impact speed and 
probability of serious injury), the necessity to ensure speed limits are aligned to the existing road infrastructure 
and the safety limits of registered vehicles in Victoria becomes apparent. That is, in the absence of appropriate 
safety infrastructure, in the short-to-medium term, speed management (i.e., setting, compliance) becomes the 
primary means of ensuring that the speed at impact between two or more vehicles and fixed objects is within 
the engineered safety limit of the vehicle if and when crashes do occur (refer to Finding 17 for additional data).  
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FINDING 12:  INJURY SEVERITY DIFFERED ACCORDING TO THE COLLISION OBJECT 
Injury severity differed depending on the primary collision object struck (see Section 4.5). One-third (34.7%) 
of ECIS drivers were injured in a collision with a passenger car, with 39.6% sustaining an MAIS 3+ injury. 
Impacts with commercial vehicles were the primary collision object for 16.3% of ECIS drivers (MAIS 3+ injury: 
60.0%) and 11.3% of ECIS drivers were involved in a crash with a sports utility vehicle (SUV) 
(MAIS 3+: 48.9%). 

These collision object vehicle categories were further split into vehicle sub-types. Where the impact was with 
a passenger car, a trend emerged such that the percent of ECIS drivers with MAIS 3+ injuries increased as the 
size and mass of the impacted vehicle increased. For example, where the ECIS driver was involved in a crash 
against a small passenger car, 36.2% of ECIS drivers sustained an MAIS 3+ injury compared to 46.7% of ECIS 
drivers involved in a collision with a large passenger car. 

Of the ECIS drivers involved in collisions with SUVs, approximately half sustained MAIS 3+ injuries (48.9%) 
although this did not differ across small (50.0%), medium (47.8%) and large SUVs (50.0%). 

High rates of MAIS 3+ injuries amongst ECIS drivers were seen when collision objects were commercial 
vehicles (60.0%), particularly commercial utilities (4WD, Class NA) (64.7%) and trucks (63.0%).  

Impacts with trees were also highly injurious with 59.2% of the ECIS drivers involved in these collisions 
sustaining MAIS 3+ injuries. Nearly half of the drivers involved in collisions with utility poles sustained MAIS 
3+ injuries (45.8%), while 28.9% of drivers involved in collisions with other road side objects such as bridges, 
embankments and barriers experienced MAIS 3+ injuries.  

For vehicle-to-vehicle impacts, it is likely that these differences in injury severity are driven by vehicle mass 
(weight) and geometry. Factors such as impact speed and the safety features of the vehicle being driven by the 
ECIS driver also play a role in the level of injury sustained; these are dominant factors for collisions with fixed 
roadside objects. In considering the contribution of these crash types to serious injury and in ranking 
countermeasure options, both the frequency of occurrence and injury severity are important to consider. 

  
Note: Non-collision rollover events (n =9; 2.2%; MAIS 3+: 44.4%) and motorcycle impacts (n = 2; 0.5%; MAIS 3+: 100%) not shown due to low numbers.  

FIGURE E.7 PRIMARY COLLISION OBJECT AND INJURY SEVERITY OF ECIS DRIVERS   
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FINDING 13: SEAT-BELT NON-USE REMAINS A PROBLEM AND WAS ASSOCIATED WITH INJURY 
Seat-belt non-use was observed among 6.8% of injured ECIS drivers. This was higher for drivers involved in 
Lane Departure crashes (9.9%) than it was for ECIS drivers involved in Across Path (2.5%) and Rear Impact 
crashes (4.3%) (Table E.8; see Section 7.1). 

Among those with MAIS 3+ injuries, seat-belt non-use (7.4%) was highest among those involved in Lane 
Departure crashes (10.3%) followed by drivers involved in Rear Impact crashes (7.1%); seat-belt non-use was 
however lower among drivers involved in Across Path crashes (1.9%). 

Related to seat-belt non-use is seating position. Sitting out-of-position has been shown to be associated with 
increased injury risk due to sub-optimal occupant interactions with the seat-belt and the airbag systems. That 
is because when vehicles are designed and crash tested they are done so with the driver seated upright in the 
vehicle. Among the ECIS driver sample, sitting out-of-position was self-reported by 2.3% of all drivers, which 
increased to 3.2% of drivers that sustained MAIS 3+ injuries.  

Objects in the vehicle and on the drivers’ lap were present and associated with injury in a small proportion of 
crashes. 

TABLE E.8 DRIVER-RELATED IN-VEHICLE INJURY OCCURRENCE AND SEVERITY FACTORS (ALL 
CRASHES) 

FACTORS CONTRIBUTING TO INJURY ALL DRIVERS† 
(N = 400)# 

CRASH TYPE† 

LANE DEPARTURE  
(N = 202) 

ACROSS PATH  
(N = 120) 

REAR IMPACT 
(N = 69) 

Driver-related factors: Seating position, seat-belt use and objects in vehicle 
Any factor evident 11.3% 14.9% 5.8% 7.2% 

Seat-belt not used 6.8% 9.9% 2.5% 4.3% 
Incorrect use of seat-belt 1.0% 1.5% 0.0% 1.4% 
Seating position (e.g. out of position) 2.3% 2.0% 2.5% 0.0% 
Loose object in vehicle 1.0% 1.5% 0.0% 1.4% 
Object on lap 0.3% 0.0% 0.8% 0.0% 

# includes 9 ‘other’ crashes not shown as crash type; † % by column. 
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FINDING 14: MANY VEHICLES HAD FEW SAFETY FEATURES AND THE OCCUPANT PROTECTION LEVEL 
WAS GENERALLY LOW, BUT DRIVERS OF NEWER VEHICLES FARED BETTER 

The number of safety features and vehicle crashworthiness was generally low amongst the sample of crashed 
vehicles in ECIS. Vehicle safety-related factors played a contributory role in the injuries of 38.3% of drivers 
(Table E.9; see Section 7.2) with this being higher for drivers involved in Lane Departure crashes (48.0%). 
Among drivers who sustained MAIS 3+ injuries, vehicle safety-related factors were appraised to have played a 
contributory role in the occurrence of these injuries for 53.7% of drivers. 

A lack of airbags was common (30.5%) but more so among drivers involved in Lane Departure crashes (39.6%). 
Of the drivers involved in Lane Departure crashes that sustained MAIS 3+ injuries, 47.4% were driving a 
vehicle that did not have an airbag fitted. 

The level of vehicle crashworthiness and ability to manage the forces at impact was poor in many crashes. This 
resulted in excessive intrusion and a large reduction of the occupant compartment for 10.5% of all drivers. 
Occupant entrapment due to intrusion was higher (66.5%) among drivers that sustained MAIS 3+ injuries. 
Occupant entrapment was especially common (74.1%) for drivers sustaining MAIS 3+ injuries in Lane 
Departure crashes. 

TABLE E.9 VEHICLE-RELATED INJURY OCCURRENCE AND SEVERITY FACTORS (ALL CRASHES) 
FACTORS CONTRIBUTING TO INJURY ALL DRIVERS† 

(N = 400)# 
CRASH TYPE† 

LANE 
DEPARTURE  
(N = 202) 

ACROSS PATH  
(N = 120) 

REAR IMPACT 
(N = 69) 

Vehicle safety aspects         
Any factor evident 38.3% 48.0% 35.8% 15.9% 

Lack of airbags 30.5% 39.6% 28.3% 8.7% 
Excessive intrusion 10.5% 12.9% 12.5% 1.4% 

Vehicle load         
Critical load shift 0.3% 0.5% 0.0% 0.0% 

Fire         
Vehicle fire 0.5% 1.0% 0.0% 0.0% 

Vehicle-to-vehicle incompatibility (excludes single vehicle crashes) 
‘Gross' incompatibility 34.7% 35.1% 35.3% 30.8% 

Occupant ejection (complete, partial)         
Ejection evident 2.8% 3.5% 0.8% 1.4% 

Occupant entrapment         
Trapped due to vehicle deformation 48.8% 61.9% 38.3% 27.5% 

# includes 9 ‘other’ crashes not shown as crash type; † % by column. 
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This low level of fitted safety features and poor crashworthiness is related to vehicle age and year of 
manufacture (Table E.10; see Section 4.5.4). The mean age of vehicles being driven by the ECIS driver sample 
was 12.6 years (Median = 11 years).  Less than half (42.0%) of the vehicles were manufactured since 2010, 
noting the ECIS program commenced enrolment of injured drivers in August 2014 and ceased in December 
2016. 

The fitment rate of safety technology, including frontal airbags and Electronic Stability Control (ESC) was, as 
expected, highest in more recently manufactured vehicles. The growth in the fitment of ESC is notable, 
although unlike frontal airbags some vehicles manufactured since 2011 did not have ESC fitted. In contrast, 
the proportion of vehicles with these safety features reduced dramatically for vehicles manufactured prior to 
2001. None of the vehicles involved in crashes had Automatic Emergency Braking (AEB) fitted. 

Less than one-quarter of vehicles (22.5%) were rated as having 5-star safety rating under the Australian New 
Car Assessment (ANCAP protocol), with this increasing to 86.2% of vehicle manufactured since 2014.  

TABLE E.10 VEHICLE CHARACTERISTICS OF ECIS DRIVERS 
YEAR OF 
MANUFACTURE^ 

ECIS 
DRIVERS† 

SAFETY RATING AND EQUIPMENT DRIVER INJURY SEVERITY‡ 

ANCAP§ 
5- STARΦ 

FRONTAL 
AIRBAGΦ 

ESCΦ MAIS 1 MAIS 2 MAIS 3+ 

2014–2016 29 7.2% 86.2% 100% 89.7% 12 41.4% 12 41.4% 5 17.2% 

2011–2013 40 10.0% 75.0% 100% 97.5% 14 35.0% 12 30.0% 14 35.0% 

2006–2010 99 24.8% 30.3% 97.0% 47.5% 26 26.2% 28 28.3% 45 45.5% 

2001–2005 104 26.0% 4.8% 87.5% 10.6% 17 16.4% 33 31.7% 54 51.9% 

1996–2000 70 17.5% 0.0% 51.4% 0.0% 10 14.3% 19 27.1% 41 58.6% 

1991–1995 27 6.8% 0.0% 18.5% 3.7% 2 7.4% 12 44.5% 13 48.1% 

1990 and earlier 31 7.8% 0.0% 0.0% 0.0% 3 9.7% 12 38.7% 16 51.6% 

All 400 100% 22.5% 74.3% 31.0% 84 21.0% 128 32.0% 188 47.0% 
^Year of manufacture, noting crashes occurred in the August 2014 – December 2016 period. 
† % by column; Φ % of vehicles within each vehicle age category; ‡ % by row for driver injury severity. 
§The Australian New Car Assessment Program (ANCAP) was established in 1992, with the first crash test results published in 1993. ANCAP commences testing and 
assessing vehicles in accordance with Euro NCAP protocols in 1999, after it was established in 1997. Source: ANCAP. https://www.ancap.com.au/frequently-asked-
questions. 

A strong relationship was found between vehicle year of manufacture and injury severity with the percentage 
of drivers sustaining an MAIS 3+ injury being lower among more recently manufactured vehicles. For example, 
17.2% of drivers of vehicles manufactured 2014 - 2016 sustained an MAIS 3+ injury compared to 35.0% of 
those driving a 2011 – 2013 vehicle and 45.5% of those driving a 2006 – 2010 vehicle.  

While newer vehicles offer promise of lower levels of injury, it is noteworthy that 17.2% of drivers of 2014 – 
2016 manufactured vehicles sustained MAIS 3+ injuries. This finding suggests that even with a fleet comprised 
only of the safest vehicles, elimination of serious injury is only possible when the road infrastructure and speed 
limit settings accommodate the safety limits afforded by the safest vehicles.  

https://www.ancap.com.au/frequently-asked-questions
https://www.ancap.com.au/frequently-asked-questions
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FINDING 15: CRASH LOCATION COMBINED WITH THE EXTENT OF VEHICLE DAMAGE AND ASSOCIATED 
OCCUPANT ENTRAPMENT REPRESENTED A CHALLENGE FOR FIRST RESPONDERS  

Vehicle damage and occupant entrapment were aspects that needed to be managed for the delivery of post-
crash care. Post-crash Emergency Medical Service (EMS) operations were made more difficult by complex 
occupant extrication (17.5%) and the need to medically manage highly injured vehicle occupants (Table E.11; 
see Section 7.3).  

In addition to extensive vehicle damage, vehicle position at the crash location and delayed notification added 
further challenges for first responders. 

The minimisation of these vehicle-related issues, either through improved vehicle crashworthiness, crash 
notification technologies and meeting the Safe Roads criteria (see Findings 18, 19, 20) are essential to enable 
first responders to provide care to injured drivers and vehicle occupants as efficiently and quickly as possible 
following crash events. 

TABLE E.11 POST-CRASH FACTORS (ALL CRASHES) 
FACTORS CONTRIBUTING TO INJURY ALL DRIVERS† 

(N = 400)# 
CRASH TYPE† 

LANE DEPARTURE  
(N = 202) 

ACROSS PATH  
(N = 120) 

REAR IMPACT 
(N = 69) 

Post-crash: Emergency services operations 
Any factor evident 24.3% 34.2% 15.0% 13.0% 

Access for HEMS^ remote, weather 1.3% 2.0% 0.8% 0.0% 
Delayed notification 4.3% 7.9% 0.8% 0.0% 
Complex extrication 17.5% 27.7% 6.7% 7.2% 
Prolonged transport 3.5% 2.5% 5.8% 2.9% 

Post-crash: Other factors     
Self-extrication and delayed treatment 2.0% 1.5% 0.8% 5.8% 

 # includes 9 ‘other’ crashes not shown as crash type; † % by column; ^HEMS: Helicopter Emergency Medical Services.  
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FINDING 16: VEHICLE SAFETY STAR RATINGS WERE ASSOCIATED WITH INJURY SEVERITY: 5-STAR 
CARS MATTER 

Vehicle safety ratings are awarded by the New Car Assessment Program (NCAP). In Australia, these ratings 
are managed and awarded by ANCAP. 

The ECIS data highlights a strong association between ANCAP star-rating and driver injury severity (Figure 
E.8; see Section 4.5). This was evidenced by fewer drivers of ANCAP 5-star safety rated vehicles having 
sustained an MAIS 3+ injury (33.3%) compared to drivers in 4-star (46.5%) and 3-star or lower rated vehicles 
(55.2%). A similar trend was observed for drivers who sustained MAIS 2 injuries. 

Of note was that a higher proportion of drivers in ANCAP 5-star rated vehicles sustained MAIS 1 injuries 
(33.3%) compared to those in 4-star vehicles (23.3%) and 3-star or lower rated vehicles (14.1%). The higher 
proportion of minor, less life-threatening injuries, is as expected given that the intention of improved vehicle 
safety, as indexed by the ANCAP star-rating system, is to prevent serious injuries being sustained by vehicle 
occupants. 

While this analysis did not account for any differences in crash configuration and driver demographic 
characteristics that may exist, this finding points to the positive safety benefit of improved vehicle safety and 
the value of the ANCAP system in driving vehicle safety improvements.  

Following from Finding 14, only 22.5% of vehicles being driven by ECIS drivers were rated as having 5-star 
safety; approximately one-third of vehicles (32.3%) were rated as 4-stars, and 40.8% of vehicles held a 3-star 
ANCAP safety rating or lower. Based on this, reductions in serious injury could be expected as 5-star safety 
rated vehicles take up an increasingly larger share of the registered vehicle fleet, notwithstanding comments 
made in Finding 14 concerning the need to address other inter-dependent aspects of the road transport system 
in order for safety gains to be maximised and the results presented in Finding 17 (below) on the safety limits 
of 5-star rated vehicles with respect to impact speed. 

  
FIGURE E.8 ANCAP STAR RATING OF VEHICLES BEING DRIVEN BY ECIS DRIVERS 
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FINDING 17: CRASHES OCCURRED AT IMPACT SPEEDS HIGHER THAN THE SAFETY LIMIT OF VEHICLES, 
INCLUDING WHERE INVOLVED DRIVERS WERE COMPLIANT WITH THE SPEED LIMIT 

Vehicles undergo regulatory crash tests that permit them to be sold. Similarly, ANCAP performs a battery of 
crash tests in order to rate vehicles. Vehicles are tested at specific impact speeds. Crash test dummies, or 
Anthropometric Test Devices (ATDs), are used to measure crash forces which are related to the probability of 
real-world occupants sustaining serious injury. These risks are minimised for occupants in vehicles that earn 
a 5-star safety rating by ANCAP. 

Using the crash test impact speed as the upper limit where the vehicle can protect occupants of 5-star vehicles 
from serious injury, a set of threshold impact speeds were established for 4-star vehicles and below based on 
impact configuration and crash partner (i.e., collision object).  

Using this to assess each ECIS crash combined with the impact speed obtained from the crash reconstruction 
process, it was found that 70% of crashes occurred at an impact speed above the engineered-in safety limit of 
the vehicle(s) involved. Of note was that 78.9% of Lane Departure crashes–which are seen to have very high 
levels of injury–occurred at impact speeds above the safety limit of the involved vehicle(s).  

As expected, injury severity was associated with whether or not the impact speed occurred within the 
engineered-in safety limit of the vehicle. For instance, of the crashes that resulted in MAIS 1 severity injuries 
53.9% occurred within the vehicle safety limit (Figure E.9; see Section 7.4.2). In contrast, 81.5% of crashes that 
resulted in MAIS 3+ injuries occurred at an impact speed above the vehicle safety limit.  

 
FIGURE E.9 PERCENT OF CRASHES WHERE THE IMPACT SPEED WAS WITHIN OR ABOVE THE SAFETY 

LIMIT OF THE VEHICLE, BY CRASH SEVERITY 
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Having demonstrated a link between injury severity and whether the impact speed was within or above the 
safety limit of vehicles, the link between speed limits, speed limit compliance and impact speed was explored.  

For drivers compliant with the speed limit, their safety (and that of their occupants) is reduced as the speed 
limit increases. This is seen by the proportion of crashes that occurred within and above the specified vehicle 
safety limit based on impact speed. For example, in crashes that occurred on roads with a speed limit of up to 
and including 60 km/h, 58.3% occurred within the safety limit of the involved vehicle(s). In contrast, in crashes 
that occurred in a 100 km/h speed zone only 17% occurred within the safety limit of the vehicle. Furthermore, 
even fewer crashes occurred within the safety limit of the involved vehicle(s) where an involved driver(s) was 
exceeding the speed limit (Figure E.10; see Section 7.4.2).  

Expressed another way, the results show that in higher speed zones a higher proportion of crashes occurred 
above the safety limit of the involved vehicle(s). This has the effect of exposing the driver–and their occupants–
to a high risk of serious injury. 

The essential point is this: at the impact speeds that crashes are occurring, the current level of protection 
provided by vehicles is insufficient to protect occupants from serious injury. This was also the case for 5-star 
safety rated vehicles, with 41.7% having an impact speed above the specified vehicle safety limit threshold. This 
is a critical finding. 

 
FIGURE E.10 CRASHES WHERE THE IMPACT SPEED WAS WITHIN OR ABOVE THE SAFETY LIMIT OF THE 

VEHICLE, BY SPEED LIMIT COMPLIANCE 
The findings presented here point to crashes occurring at impact speeds beyond the ability of the vehicle to 
protect the majority of drivers from serious injury. These data highlight the fundamental mismatch between 
the safety protection offered by vehicles and current speed limits in Victoria. That drivers of 5-star rated 
vehicles are involved in crashes at impact speeds above the safety limit of the vehicle—with the consequence 
of being seriously injured, further reinforces this point.  

Expressed plainly, the results show that even the safest available cars cannot provide adequate protection 
against serious injury at the speeds that crashes are occurring. That this is true for drivers complying with the 
speed limit only reinforces the need to revise the speeds at which drivers are permitted to travel.  

In short, to achieve reductions in the number of drivers (and occupants) seriously injured when crashes occur, 
there is a pressing need to align speed limits with the existing roadside infrastructure and safety engineering 
limits of currently available passenger vehicles.  
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FINDING 18: IN CRASHES WHERE PRE-DEFINED SAFETY-RELATED CRITERIA WERE MET NO VEHICLE 
OCCUPANT WAS SERIOUSLY INJURED 

A key premise of Vision Zero and the Safe System approach is that once an inherently safe road transport 
system is achieved no person will be seriously injured in a crash. With serious injury defined at the MAIS 3+ 
severity level, the ECIS program sought to test this premise using each ECIS crash as a ‘micro-system’. It is 
expected that where all pre-defined safety-related system criteria are met, no vehicle occupant will be seriously 
injured. 

Using an adapted form of the Swedish Road Administration (SRA) Model of a Safe Road Transport System– 
initially proposed by Stigson et al. in 2008 to operationalise the Vision Zero Multi-dimensional Model for Safe 
Travel–the criteria for a Safe Driver, a Safe Vehicle and a Safe Road were defined. To be classified as ‘safe’, 
multiple criteria must be met within each of these three system elements (see Chapter 1, Chapter 8). 

The Safe Driver criteria includes the proper use of a seat-belt, not handling a mobile phone (dial, text, reading), 
and compliance with drink-driving and drug-driving laws, as well as compliance with the speed limit. Driver 
compliance with the speed limit is required due to the strong correlation between the speed limit and travel 
speed, which in turn is correlated with impact speed (see Finding 17 on the limited effects of braking). With 
the link between impact speed and injury risk established (Finding 10), any breach of the system safety limit–
even through low level speeding, breaches the safety of the system and avoidance of serious injury can no 
longer be assured, even if all other Safe Driver, Safe Vehicle and Safe Roads criteria are met. 

The Safe Vehicle criteria includes that the vehicle is rated as having 5-star ANCAP safety, the vehicle has frontal 
and side head-protecting impact airbags fitted, and also has ESC fitted. These criteria provide the best level of 
occupant protection currently available. 

The Vision Zero Model of Safe Travel requires that speed limits be aligned to the surrounding road 
infrastructure, predictable crash types and the safety of vehicles. The criteria for Safe Roads are defined by 
setting speed limits based on the injury protection capability of 5-star rated vehicles for specific crash types 
(i.e., head-on, rear-impact etc.) and impact speeds in combination with roadside infrastructure.  

Of the 393 crashes examined in the ECIS program, eight crashes (2.0%) met all of the Safe Driver, Safe Vehicle 
and Safe Roads criteria, thereby satisfying the conceptual definition of being inherently safe with respect to the 
human body’s tolerance to serious injury. Critically, in none of these crashes did an involved driver or other 
occupant sustain an MAIS 3+ injury (Table E.12; see Section 8.3). For completeness, five of these crashes 
resulted in MAIS 1 (minor) injuries being sustained and three resulted in MAIS 2 severity injuries. 

TABLE E.12 PROPORTION OF ECIS CRASHES WHERE SAFETY-RELATED SYSTEM CRITERIA WERE MET 
SYSTEM ELEMENT ALL† 

(N = 393) 
CRASH SEVERITY† 

MAIS 1 (N=76) MAIS 2 (N=112) MAIS 3+ (N=205) 

ALL SAFETY-RELATED SYSTEM 
CRITERIA COMBINED 

    

Met criteria 2.0% (8) 6.6% (5) 2.7% (3) 0.0% (0) 

Failed criteria 98.0% (385) 93.4% (71) 97.3% (109) 100% (205) 
† % by column. 

While this finding is based on a small number of crashes, this result supports the underlying principle of Vision 
Zero and the Safe System approach. That is, when the safety-related criteria across all system elements are 
satisfied, serious injury is eliminated. 

In moving towards an inherently safe and forgiving road transport system, the regulation of travel speed–
and the moderation of impact speed in particular–is a critical factor that underpins the elimination of serious 
injury. That speed plays a unifying role is evidenced by each of the three elements of the road transport system 
explicitly having (Safe Drivers, Safe Roads) or shaping (Safe Vehicles) requirements concerning speed limits.  

As shown here, for serious injury to be eliminated it remains necessary that all specified criteria be met. With 
this in mind, the use of these criteria as system-wide key performance indicators will enable progress toward 
the full adoption of the Safe System approach in Victoria to be measured. That the ECIS program has 
demonstrated that serious injury can be avoided when the system settings are optimised ought to encourage 
and strengthen our resolve to act with urgency. 
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FINDING 19: SIGNIFICANT GAPS EXIST IN THE PERFORMANCE OF THE VICTORIAN ROAD TRANSPORT 
  SYSTEM WHEN MEASURED AGAINST THE CRITERIA SHOWN TO ELIMINATE SERIOUS INJURY  
Use of the Safe Driver, Safe Vehicle and Safe Roads criteria offered a way to document the performance gap 
between the safety performance of the current Victorian road transport system and the idealised form of an 
inherently safe road transport system. Note that 2% of crashes satisfied all three system element criteria, hence 
98% did not (Table E.13; see Section 8.4).  

Further to this, in 35.9% of crashes (n=141), none of the Safe Driver, Safe Vehicle nor Safe Roads criteria were 
met (Figure E.11). This was even higher for Lane Departure crashes (49.2%, n=98). The proportion of Across 
Path crashes that failed to meet any of the Safe Driver, Safe Vehicle and Safe Roads criteria was 31.6% (n=37) 
whilst this was only 8.8% for Rear Impact crashes (n=6). This links directly back to the injurious nature of 
these crashes, with this failure in system safety being reflected across the full range of injury and cost metrics. 

  

FIGURE E.11 OVERLAP BETWEEN THE SAFE DRIVER, SAFE VEHICLE AND SAFE ROADS CRITERIA  
With only 10.1% of involved vehicles meeting the Safe Vehicle criteria, the vehicle is a key weakness of the 
system. To compound this, only 25.9% of crash locations met the Safe Roads criteria (Table E.12; see Section 
8.5). As shown in Figure E.11, the extent of overlap between these system elements was low. 

The data also shows that at each successive injury severity level, the proportion of crashes that failed each of 
the system element criteria increased. This is extremely important as it demonstrates that by meeting the 
specified criteria, injury severity can be reduced. 

TABLE E.13 PROPORTION OF ECIS CRASHES WHERE SYSTEM CRITERIA WERE MET 
SYSTEM ELEMENT ALL† 

(N = 393) 
CRASH SEVERITY† 

MAIS 1 (N=76) MAIS 2 (N=112) MAIS 3+ (N=205) 

SAFE DRIVER CRITERIA     

Met criteria 45.3% (178) 52.6% (40) 54.5% (61) 37.6% (77) 

Failed criteria 54.7% (215) 47.4% (36) 45.5% (51) 62.4% (128) 

SAFE VEHICLE CRITERIA     

Met criteria 10.1% (40) 18.4% (40) 14.3% (14) 4.9% (16) 

Failed criteria 89.8% (353) 81.6% (62) 85.7% (96) 95.1% (195) 

SAFE ROADS CRITERIA     

Met criteria 25.9% (102) 47.4% (36) 24.1% (27) 19.0% (39) 

Failed criteria 74.0% (291) 52.6% (40) 75.9% (85) 81.0% (166) 
† % by column. 
These findings demonstrate the fundamental misalignment and modest safety performance of all three 
elements of the Victorian road transport system. Hence, the findings present a challenge and an opportunity 
for Victoria. It can be stated that while the performance gap is currently large, closing this gap will result in 
fewer people being seriously injured in crashes. These findings can be used to define which actions to take as 
well as to monitor progress towards the realisation of an inherently safe road transport system in Victoria. 
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FINDING 20:  COMPLIANT DRIVERS WERE LARGELY UNSUPPORTED BY THE POOR SAFETY 
PERFORMANCE OF THEIR VEHICLE AND ROAD ENVIRONMENT–INCLUDING ABSENT SAFETY 
INFRASTRUCTURE AND/OR MISMATCHED SPEED LIMITS–WHERE THE CRASH OCCURRED 

Of the 45.3% of crashes where the Safe Driver criteria were met by the involved driver(s), in only 4.5% of 
crashes were these drivers supported by Safe Vehicles and in 11.2% of crashes were these drivers supported by 
Safe Roads. Combined, Safe Drivers were supported by at least one other element of the system in in 13.7% of 
crashes (Figure E.11; see Section 8.4, 8.5). This is a consequence of so few vehicles and so few roads meeting 
the Safe Vehicle and Safe Roads criteria.  

The implication is that at present, even for the drivers meeting the Safe Driver criteria who are compliant with 
the speed limit, alcohol and drug-driving laws, are wearing a seat-belt and are not using a mobile phone, there 
are fundamental weaknesses in the road transport system that have the effect of exposing these drivers and 
their vehicle occupants to serious injury in the event of a crash. 

SCOPE, APPLICABILITY AND GENERALISABILITY OF FINDINGS 
The findings presented in this report are most applicable to serious injury crashes that require one or more of 
the involved occupants being hospitalised. The high degree of injury severity and the documented high 
financial cost of acute and on-going care for these injured drivers and occupants places these crashes towards 
the more severe end of the injury spectrum. 

A small number of crashes, representing 0.5% of all crashes, were classified as ‘Other’ in the ECIS program. 
Whilst not examined as an individual crash type category, these crashes were included in the analysis of all 
injured drivers and associated crashes. Given the highly complex and rare nature of these crashes, they are 
likely to be challenging to manage and even more difficult to anticipate and plan for. It is likely to be the case 
however that those involved in these crashes would likely benefit from the same array of injury reduction 
countermeasures applicable to other crash types, when in the rare event similar crashes occur in the future. 

The analysis undertaken for each crash drew together multiple information sources to determine factors 
contributing to crash occurrence and injuries sustained. This forensic analysis included the use of computer-
based crash reconstruction programs which incorporated highly detailed re-creation of crash scenes. The 
output of this analysis formed the basis of the estimation of travel speed and crash risk, and the assessment of 
the association between impact speed and the probability of drivers sustaining MAIS 3+ injuries. While crash 
reconstructions were validated using a 4-step process, including the use of Event Data Recorder information 
where available, these were subject to a number of limitations and assumptions, all of which are stated where 
relevant (see Section 6.2.4, Section 6.2.5, Section 7.4; Appendix B.2, Appendix B.3).  Every effort was made to 
minimise the influence of any limitations and assumptions, this being achieved through the use of multiple 
information sources and the convergence of available information and by taking a conservative approach to 
the estimation of speed. It is noted that the method of crash reconstruction and the creation of alternative 
crash scenarios used in this analysis was subject to peer review and presented at an international conference 
(Peiris et al., 2018). 

Given the multiple checks and balances undertaken by a range of specialists in collecting the data, there ought 
to be considerable confidence in the robust nature of the data from which these results have been drawn. 

There are a number of points to be made with respect to sample representativeness and generalisability of the 
findings. While the enrolled sample of drivers to the ECIS program was representative of the hospitalised 
driver population at The Alfred Hospital and The Royal Melbourne Hospital, the crashes examined reflect the 
more severe end of crashes in Victoria. The ECIS program was deliberately designed in this manner given the 
highly injurious nature of these crashes. Hence, the findings of the study need to be viewed through this lens. 

With respect to the type of drivers enrolled in the program, specific inclusion and exclusion criteria were 
adopted for enrolment to the study. Drivers had to be at least 18 years of age, had a crash in Victoria, and they 
or their Next-of-Kin had to be able to provide informed consent. There were no criteria based on vehicle age. 
Exclusion criteria were predominantly based on the welfare of the injured driver and with consideration for 
their ability to provide informed consent to participate. The exclusion of drivers with acute psychiatric 
disturbance and/or behaviours of concern may have the effect of underestimating the association of these 
factors with crash occurrence. 

While the consent rate was high (67%; males: 65%; females: 68%), sex differences in the consent rate were 
evident within specific age categories. Specifically, the consent rate was lowest for male drivers aged 18 – 40 
years, while the consent rate of 76+ year old females was low relative to same aged males. These aged-based 
sex differences can be characterised as self-selection bias. Whether this differential consent rate among these 
driver groups has an impact on the ECIS findings needs to be considered, however, it is not known whether 
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the reason for non-participation had a direct relationship with the crash itself. It is however important to be 
cognisant of these differences in consent rates when considering the findings of the study. 

Despite these differences in the participation rate and the consent rate, the age distribution of enrolled drivers 
reflected the admitted population for both males and females. There was no difference in the age distribution 
of drivers that agreed to participate and those that declined. This provides confidence that the types of crashes 
represented in ECIS, and the precipitating factors for both the crash occurring and serious injury being 
sustained, will be indicative of the broader serious injury crash population.  

ECIS REPORT SERIES AND FURTHER ANALYSIS 
This report is the first in a series of four. This report identified key risk factors associated with crash occurrence 
and injuries sustained. In addition, this report documents the safety performance of the Victorian road 
transport system. 

ECIS Report 2 and ECIS Report 3 explore specific questions concerning crash risk and injury in additional 
detail. ECIS Report 2 addresses additional questions relating to travel speed and impact speed while ECIS 
Report 3 uses multivariable statistical modelling to explore risk factors for crash occurrence.  

Taken together, these reports provide a comprehensive basis for identifying future road safety actions aimed 
at reducing, and ultimately eliminating, the incidence of serious injury in crashes in Victoria. This is the subject 
of ECIS Report 4. 

Beyond this, the ECIS program provides an array of information that can be used to address future research 
and policy questions. In particular, the ECIS program dataset will be of value in defining Safety Performance 
Indicators that can be used to monitor the performance of future road safety strategies and action plans. 

CONCLUDING COMMENTS 
The ECIS program set out to document the causes and consequences of serious injury passenger vehicle 
crashes in Victoria. The TAC was motivated to fund the ECIS program as it is acutely aware of the magnitude 
of personal loss and impact on the lives of those injured, their family and those left behind following the loss 
of a loved one. 

This report highlights an array of driver-related factors associated with crash occurrence and documents the 
prevalence of these factors specific to passenger vehicle crashes. The findings of the ECIS program with respect 
to road infrastructure, speed limit setting, and vehicle safety performance are clear: Victoria’s road 
infrastructure, when benchmarked against the form required to eliminate serious injury, fares poorly, as does 
the safety of the vehicle fleet. The findings highlight the direction and degree of effort required to achieve a 
transport system free from serious injury. 

The key point is this: while safe driver performance and compliance is imperative, this alone is insufficient to 
protect drivers from serious injury. There is a clear need to improve the safety of the vehicle fleet, improve the 
safety of roads and roadsides, and address the way in which speed limits are set. 

The findings of this report are far-reaching in that they provide direct links between vehicle travel speed and 
crash risk. At the same time, this report reveals that only half of all drivers brake pre-crash, and when they do 
it is only for a short period. As a consequence, the reduction in speed prior to impact is insufficient to avoid 
serious injury. It was also shown that impact speed was directly associated with injury severity, and further, 
that the majority of vehicles do not provide protection against serious injury at the impact speeds seen, 
including vehicles rated as having 5-star safety. The analysis also shows that injury severity is influenced by 
the object and type of vehicle struck. These findings point to the complex interplay between vehicle safety, how 
roads are built and operated, the travel speeds that are permitted, and by extension, how drivers use them. 

The findings reported here represent both a significant challenge and opportunity for the TAC and the 
Victorian government road safety partners more broadly. By outlining the key factors associated with crash 
occurrence and the nature of injuries suffered by drivers and vehicle occupants, a robust scientific evidence-
base is now available upon which future Victorian road safety strategies can be built. Importantly, the findings 
demonstrate that the Vision Zero goal of eliminating serious injury is possible but only once all elements of the 
Safe System approach are in place.  

The findings also show however that the size of the gap that needs to be closed in order for the ambition of 
eliminating serious injury to be realised is considerable. Closing this gap will require a concerted and 
concurrent focus on improving the performance of each element of the road transport system in line with the 
specified Safe Driver, Safe Vehicle and Safe Roads criteria outlined in this report. This includes taking steps to 
ensure that drivers and occupants are protected from crash forces that exceed the limits of human injury 
tolerance.  
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To do so, and in setting the operational parameters of an inherently safe road transport system, speed limits 
need to be set on the basis of the level of protection provided to occupants by their vehicle in combination with 
the level of protection provided by the design of the road and associated road infrastructure, including for 
instance the presence or absence of barrier systems and other safety countermeasures. 

In other words, speeds need to be set so that vehicle and road design features can contain the forces of the 
crash such that serious injury is prevented. Once set, the obligation of the driver in using the system is to 
comply; low-level speeding not only breaches the system design rules, but compromises their safety as well as 
others, as demonstrated by this report. Enforcement of these rules is essential. 

Taking these steps demands that attention is given to ceasing the historical practice of trading off safety for 
mobility. Indeed, Vision Zero is emphatic on this point and taking this step will be central to success of the 
2030 Agenda for Sustainable Development. This is equally relevant to Victoria where the end-goal of the Safe 
System approach is the elimination of serious injury. To be explicit, to achieve reductions in serious injury, 
the findings presented in this report point to a need to redress the historical precedence given to mobility to 
the extent that safety is compromised by deliberate design. Indeed, the findings presented in this report 
provide the insights needed to create a road transport system that maximises mobility whilst at the same time 
guaranteeing safety for all.  

Finally, from a scientific and analytical perspective, the ECIS program adopted the three component Vision 
Zero Model of Safe Travel, this being equally applicable to the Safe System approach. Doing so permitted a 
comprehensive assessment of the safety performance of the Victorian road transport system with regard to 
passenger vehicle crashes. Moving forward, the analysis presented in this report can serve as a baseline against 
which future actions can be measured. 

To conclude, the ECIS program set out to identify the causes and consequences of serious injury crashes in 
Victoria. The findings reported here achieve this objective. In doing so, this report highlights areas of focus and 
opportunities for improving road safety, particularly the clear need to improve the safety of the vehicle fleet, 
improve the safety of roads and roadsides, address the way in which speed limits are set and improve driver 
compliance and performance. Crucially, the report shows that when pre-defined Safe Driver, Safe Vehicle and 
Safe Roads criteria were met, no driver was seriously injured. This demonstrates that the aspiration of 
eliminating serious injury through the use of the Safe System approach can be realised. There is much work 
to be done.


