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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.

ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| xiii

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 Nextof-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 30minute 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)

FIGURE E.1

ECIS DRIVERS

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+

400

84

128

188

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)

ECIS drivers (N)
LENGTH OF STAY

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

ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| xviii

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 decisionmaking 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 selfexplaining 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.

No latent infrastructure risk

FIGURE E.3

ALL CRASHES

Latent infrastructure risk present

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 tollroads) 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)

5.8%

7.2%

Driver-related factors: Seating position, seat-belt use and objects in vehicle
Any factor evident

11.3%

14.9%

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)

38.3%

48.0%

35.8%

15.9%

Vehicle safety aspects
Any factor evident
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%

Vehicle fire

0.5%

1.0%

0.0%

0.0%

Fire
Vehicle-to-vehicle incompatibility (excludes single vehicle crashes)
‘Gross' incompatibility

34.7%

35.1%

35.3%

30.8%

2.8%

3.5%

0.8%

1.4%

48.8%

61.9%

38.3%

27.5%

Occupant ejection (complete, partial)
Ejection evident
Occupant entrapment
Trapped due to vehicle deformation

# 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†

2014–2016

29

2011–2013

SAFETY RATING AND EQUIPMENT

DRIVER INJURY SEVERITY‡

ANCAP§
5- STARΦ

FRONTAL
AIRBAGΦ

ESCΦ

MAIS 1

7.2%

86.2%

100%

89.7%

12

41.4%

12

41.4%

5

17.2%

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%

MAIS 2

MAIS 3+

^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-askedquestions.

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.
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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 postcrash 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)

24.3%

34.2%

15.0%

13.0%

Post-crash: Emergency services operations
Any factor evident
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.

ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| xxx

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)

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)

ALL SAFETY-RELATED SYSTEM
CRITERIA COMBINED

† % 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
ALL†
(N = 393)

CRASH SEVERITY†
MAIS 1 (N=76)

MAIS 2 (N=112)

MAIS 3+ (N=205)

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)

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)

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)

SYSTEM ELEMENT
SAFE DRIVER CRITERIA

SAFE VEHICLE CRITERIA

SAFE ROADS CRITERIA

† % 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 computerbased 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 evidencebase 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.
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GLOSSARY AND LIST OF ABBREVIATIONS
4WD

Four-wheel drive vehicle

AAAM

Association for the Advancement of Automotive Medicine

AADT

Annual Average Daily Traffic

ABS

Australian Bureau of Statistics

ADR

Australian Design Rule

AEB

Auto Emergency Braking

AIS

Abbreviated Injury Scale
An internationally recognised anatomical-based coding system for individual injuries. AIS severity scores
range from 1 (minor) to 6 (untreatable), with the severity level indicating the threat-to-life assuming that the
injury in question is the only injury sustained.

ANCAP

Australian New Car Assessment Program

ANCIS

Australian National Crash In-depth Study (MUARC)

ASGS

Australian Statistical Geography Standard

ATC

Australian Transport Council

AUDIT

Alcohol Use Disorders Identification Test

CASR

Centre for Automotive Safety Research (University of Adelaide)

CCIS

Co-operative Crash Injury Study (UK)

CDC 1

Collision Deformation Code
A coding system for vehicle collision damage developed by the Society for Automotive Engineers (SAE).
The first two digits represent impact direction (on a clock face) and the last digit, the extent of damage (1
minor to 9 severe). The other digits indicate the specific location of damage on the vehicle.

Crash Severity

Generic term, also used for the impact severity measures Delta-v and EBS

CT

Computed tomography scan

DBQ

Driver Behaviour Questionnaire

Delta-v2

Vector difference between impact velocity and separation velocity
In lay terms, it represents the change in velocity of the vehicle during a crash event. Delta-v is usually
calculated using damage reconstruction software and the mass and stiffness characteristics of the case
vehicle and collision partner must be known. Expressed as km/h.

PF

Performance failure (contributory factors)

EBS

Equivalent Barrier Speed
Also known as Barrier Equivalent Velocity (BEV). This is the approximate Energy Equivalent Speed (EES)
of a vehicle with respect to a 90° fixed, rigid and flat barrier. EES is the speed at which a vehicle would
need to contact any fixed object in order to yield the same observed residual crush 2. Expressed as km/h.

ECIS

Enhanced Crash Investigation Study

EDR

Event Data Recorder

ESC

Electronic Stability Control

FORS

Federal Office of Road Safety (Australia)

Free travel speed

The speed of a vehicle travelling without impediment (km/h)

GCS

Glasgow Coma Scale

1 From SAE J224 (1980).
2 From ISO 12353-1 (2002).
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GIS

Geographic Information Systems

GVM

Gross Vehicle Mass

HDS

Health and Driver State (contributory factors)

ICD

International Classification of Diseases

Impact speed

The speed (km/h) at impact

K-10

Kessler Psychological Distress Scale

Km/h

Kilometers per hour

LOS

Length of stay

MAIS

Maximum Abbreviated Injury Scale (score)
The highest AIS score in any body region. This is used as an indication of overall injury severity.

MRI

Magnetic Resonance Imaging

MUARC

Monash University Accident Research Centre

MVC

Multi-vehicle crash

NCAP

New Car Assessment Program

NCB

Non-compliant behaviour

NESB

Non-English-Speaking Background

NMVCCS

National Motor Vehicle Crash Causation Survey

OECD

Organisation for Economic Co-operation and Development

RCIS

Road Crash Information System (VicRoads)

RMH

Royal Melbourne Hospital

SAE

Society of Automotive Engineers (now SAE International)

SD

Standard Deviation

SDG

Sustainable Development Goal

SPI

Safety Performance Indicator(s)

SRA

Swedish Road Administration, succeeded by the Swedish Transport Administration (Trafikverket)

SUV

Sports Utility Vehicle

SVC

Single Vehicle Crash

TAC

Transport Accident Commission

TBI

Traumatic Brain Injury

TIC

Transport Infrastructure Council (Australia)

UCSR

Used Car Safety Rating

UN ECE

United Nations Economic Commission for Europe

UN GTR

United Nations Global Technical Regulation

WHO

World Health Organisation
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1

INTRODUCTION

1.1

BACKGROUND AND CONTEXT OF THE ENHANCED CRASH INVESTIGATION
STUDY (ECIS)

The Transport Accident Commission (TAC), through its role as Victoria’s statutory no-fault insurer, has the
dual objectives of reducing the number of road-related crashes and facilitating the care, rehabilitation and
other forms of assistance for people injured in crashes.
Since its establishment in 1987 the TAC has implemented a large number of initiatives with the goals of
improving road safety and to ensure state-of-the-art trauma care is available in Victoria. These initiatives,
along with those implemented by the Victorian Road Safety Partners, 3 have resulted in a 62% reduction in the
number of people killed from 1987 to 2019. Despite this apparent success 266 people lost their life on Victorian
roads in 2019. 4 Across the same time period, however, the number of people injured on Victorian roads has
increased.
The Enhanced Crash Investigation Study (ECIS) was approved for funding by the TAC in 2013 in light of TAC’s
support for 45,038 people injured in road crashes at an annual cost of $1.086 billion. 5 By the end of 2019/20
reporting year, this stood at 59,298 injured road users at a direct annual cost to the TAC of $1.51 billion. 6
Through its work in providing support for people injured in road crashes, the TAC is acutely aware of the
significant negative physical and mental health impact of road crashes for those injured, their families and the
broader community. 7
In its most recent strategy, TAC 2020, 8 the TAC committed to a vision of zero deaths and serious injuries. The
TAC also committed to be 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. In parallel, the TAC continues to search for new ways to reach its
vision of zero deaths and serious injuries.
With a high degree of importance placed on evidence-based strategy development, the TAC has a long history
of actively supporting research programs that offer insights into how crashes occur, the factors associated with
serious injury, and the actions needed to reduce the number of people seriously injured. The ECIS program is
one such example of the TAC investing in road safety research, stating that they will “use the findings of the
Enhanced Crash Investigation Study to continually learn and better target future prevention investment”.8 (p.16)

1.2

ECIS OBJECTIVES AND PROGRAM STRUCTURE

Given this context, 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.
The Safe System approach was the foundation upon which the ECIS program was built. By integrating the
principles of the Safe System approach into the design of the ECIS program and within the data collection
from the outset, the study findings are able to be presented in a manner consistent with the current Victorian
3 Comprised of the Department of Health and Human Services, the Department of Justice and Community Safety, the Department of
Transport, the Transport Accident Commission, Victoria Police.
4 Transport Accident Commission. Towards Zero Quarterly Statistics report - December 2019. Geelong: TAC.
https://www.tac.vic.gov.au/__data/assets/pdf_file/0012/423210/December-2019-Report-Final.pdf
5 Transport Accident Commission. 2013 Annual Report. Geelong: TAC; 2013.
6 Transport Accident Commission. 2019/20 Annual Report. Geelong: TAC; 2020.
7 For example, see: Fitzharris M, Fildes B, Charlton J, Kossmann T. General Health Status and Functional Disability Following Injury in
Traffic Crashes. Traffic Injury Prevention. 2007;8(3):309-20.
Gabbe BJ, Sutherland AM, Hart MJ, Cameron PA. Population-Based Capture of Long-Term Functional and Quality of Life Outcomes
After Major Trauma: The Experiences of the Victorian State Trauma Registry. Journal of Trauma. 2010;69(3):532-36.;
Mayou R, Bryant B. Outcome 3 years after a road traffic accident. Psychological Medicine. 2002;32(4):671-5.
8 Transport Accident Commission. TAC 2020 Strategy. Geelong: TAC; undated.
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road safety strategy. In order for the conceptual basis for the ECIS program to be understood, an overview of
the Safe System approach is presented in the following section. This context will assist in understanding the
findings of the ECIS program and the translation of these findings into practice.

1.3

FROM ROAD SAFETY PILLARS TO THE SAFE SYSTEM

The Safe System approach has come to underpin all road safety strategies in Australia. It is viewed as the
mechanism by which reductions in, and ultimately the elimination of, serious injury can be achieved. This
section presents the emergence of the Safe System approach in Australia and highlights the role of Sweden’s
Vision Zero in shaping contemporary road safety thinking. This leads to a presentation of the Safe System
approach itself and its use in supporting road safety strategy in Victoria. This provides a context for why the
ECIS program was undertaken and how the findings can be interpreted.

1.3.1

Moving from pillars to a Safe System: The influence of Sweden’s Vision Zero

For decades the dominant paradigm in road safety was to focus on driver behaviour as the way to reduce the
‘road toll’, a term frequently used to describe the number of people killed on our roads. 9 This stemmed from
the perspective that drivers were almost always responsible for crashes. 10 11 Historically, little attention was
given to the systems-type approaches that underpin aviation safety or to crashes that resulted in serious injury.
Rather, improvements in road safety were seen to be the result of enforcement, engineering, and education
countermeasures, the so-called 3 E’s of road safety. 12 13
The common belief that drivers were largely, if not solely, responsible for crashes, was despite the early work
of Haddon that focussed on ways to eliminate serious injury. By understanding that human tolerance to injury
and the control of energy at impact are critical to reducing the number of people killed and injured in crashes,
Haddon gave prominence to the concept of ‘crash packaging’ 14 15; indeed, this same concept forms the basis of
modern occupant protection strategies and underpins Vision Zero and the Safe System approach. Rather,
Haddon is best known for the Haddon Matrix 16 where crash factors and safety countermeasures are classified
as being within the domain of the driver, the vehicle, or the environment. 17 18
The longstanding focus on driver behaviour as a means for achieving road trauma reductions was most
prominently disrupted by Vision Zero, 19 20 21 noting also the influence of the Dutch Sustainable Safety model. 22
While some debate exists on the extent to which Vision Zero and Sustainable Safety meet all the technical
requirements of comprehensive ‘systems-based’ approaches to safety 23 24, both state that safety outcomes are
9 Johnston IR, Muir C, Howard EW. Eliminating Serious Injury and Death from Road Transport: A Crisis of Complacency. Hoboken:
Taylor and Francis; 2013.
10 Muir C, Johnston IR, Howard E. Evolution of a holistic systems approach to planning and managing road safety: the Victorian case
study, 1970–2015. Injury Prevention. 2018;24(Suppl 1):i19-i24.
11 Johnston I. Beyond “best practice” road safety thinking and systems management – A case for culture change research. Safety
Science. 2010;48(9):1175-81.
12 Hughes BP, Anund A, Falkmer T. A comprehensive conceptual framework for road safety strategies. Accident Analysis & Prevention.
2016;90:13-28.
13 Groeger JA. Chapter 1 - How Many E’s in Road Safety? In: Porter BE, editor. Handbook of Traffic Psychology. San Diego: Academic
Press; 2011. p. 3-12.
14 Haddon W, Jr. On the escape of tigers: an ecologic note. American Journal of Public Health. 1970;60(12):2229-34.
15 Haddon was influenced by J.J. Gibson who differentiated types of energy associated with injury (1961) and J.E. Gordon (1949) who
identified injury as being the product of an interaction between the host, agent, environment. See Runyan C. Introduction: Back to the
Future—Revisiting Haddon’s Conceptualization of Injury Epidemiology and Prevention. Epidemiologic Reviews. 2003;1:60–64.
Haddon’s work was influenced by De Haven, Colonel Stapp and others from a field of research now known as impact biomechanics. See:
De Haven H. Mechanical analysis of survival in falls from heights of fifty to one hundred and fifty feet. War Medicine. 1942;2:586–96;
Nahum AM, Melvin JW. (Eds.). Accidental Injury: Biomechanics and Prevention. New York: Springer-Verlag; 2002.
16 Haddon W Jr. The changing approach to the epidemiology, prevention, and amelioration of trauma: the transition to approaches
etiologically rather than descriptively based. American Journal of Public Health. 1968;58(8):1431-38.
17 Peden M, Scurfield R, Sleet D, Mohan D, Hyder AA, Jarawan E, et al. (Eds.). World Report on road traffic injury prevention. Geneva:
World Health Organisation; 2004.
18 Haddon W Jr. A logical framework for categorizing highway safety phenomena and activity. Journal of Trauma. 1972;12(3):193-207.
19 Tingvall C. The Zero Vision a road transport system free from serious health losses. In: von Holst H, Nygren Å, Thord R, editors.
Transportation, Traffic Safety and Health — The New Mobility: First International Conference. Brussels, Belgium: Springer Berlin
Heidelberg; 1995, Published 1997. p. 37-57.
20 Tingvall C, Lie A. The implications of the Zero Vision on biomechanical research International Research Council on the Biomechanics
of Injury (IRCOBI); Dublin; 1996.
21 Tingvall C. The Swedish ‘Vision Zero’ and how parliamentary approval was obtained. Road Safety Research, Policing and Education
Conference; Wellington, New Zealand; 1998.
22 Weijermars W, Wegman F. Ten Years of Sustainable Safety in the Netherlands: An Assessment. Transportation Research Record.
2011;2213(1):1-8.
23 Salmon PM, Lenné MG. Miles away or just around the corner? Systems thinking in road safety research and practice. Accident
Analysis & Prevention. 2015;74:243-9.
24 Salmon PM, McClure R, Stanton NA. Road transport in drift? Applying contemporary systems thinking to road safety. Safety Science.
2012;50(9):1829-38.
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a result of the design and operation of all elements of the system acting in concert. This includes the role of
government actions through regulation, as well as the more proximal factors relating to the driver, the vehicle,
the road and surrounding roadsides. These safety-oriented systems approaches have been used in the aviation
sector for decades. 25 26
Vision Zero was introduced to an Australian and New Zealand audience at the 1998 Australasian Road Safety
Conference by Professor Claes Tingvall, the then Director of the Monash University Accident Research Centre
(MUARC). In his keynote presentation, 27 Professor Tingvall provided an overview of Sweden’s Vision Zero
policy and reflected on the decision of the Swedish Parliament to pass the Vision Zero Road Traffic Safety Bill
on October 9, 1997. This presentation proved to be highly influential and challenged road safety practitioners
and academics to adopt a different perspective on how road safety can be improved.
Vision Zero set the longer-term policy objective of eliminating serious injury when crashes occur, explicitly
stating that the loss of life and health is an unacceptable trade-off for unconstrained mobility. In contrast,
Vision Zero asserted that mobility ought to be a function of the level of in-built safety of the road transport
system. Being based in ethics, Vision Zero was a radical departure from the existing approach to road safety. 28
In a further challenge to current orthodoxy, Vision Zero explicitly recognised that drivers were fallible and that
despite best efforts to the contrary mistakes and misjudgements would continue to occur. By acknowledging
this, and that crashes would continue to occur, Vision Zero asserted that the road transport system needs to
be adapted to account for the needs, mistakes and vulnerabilities of road users. Only by doing so could the goal
of zero serious injuries and zero health losses be realised. 29
Like Haddon beforehand, Vision Zero recognises the inherent physical limitations of the human body to
withstand injury when exposed to force at impact. 30 With the injury tolerance of the driver(s) involved in
crashes being finite, the human body is the primary limiting factor of the safety of the road transport system. 31
In this model, referred to as the Vision Zero Model of Safe Travel (Figure 1.1), the level of force and the
resultant injury severity is a direct consequence of the impact speed, the safety of the vehicle and the road
environment. 32
In this kinetic energy model of injury control, the primary goal is to ensure that the driver is not exposed to
levels of energy 33 (i.e., mass x velocity2) above the biomechanical threshold where serious injury occurs. 34 35
This requires that crash energy is sufficiently controlled so that the driver (and other road users) is protected.
As described by Tingvall and Lie in 1996,20 this level of safety can be achieved through installation of roadside
safety features such as guardrails and achieving high levels of vehicle safety. Recognising the limits of
engineering to protect the human body from high levels of force 36 and extant deficiencies in road infrastructure
and the vehicle fleet to protect drivers from injury 37, the speed limit is regarded to be an important regulator
of the safety of the system. Due to its status, the speed limit is represented as an explicit design parameter.20

25 Hulme A, Stanton N A, Walker G H, Waterson P, Salmon P M. What do applications of systems thinking accident analysis methods
tell us about accident causation? A systematic review of applications between 1990 and 2018. Safety Science. 2019;117, 164-183.
26 Landry SJ, editor. Handbook of Human Factors in Air Transportation Systems. Boca Raton, FL: CRC Press; 2018.
27 Tingvall C. The Swedish ‘Vision Zero’ and how parliamentary approval was obtained. Road Safety Research, Policing and Education
Conference; Wellington, New Zealand; 1998.
28 Tingvall C, Haworth N. Vision Zero: an ethical approach to safety and mobility. 6th ITE International Conference Road Safety &
Traffic Enforcement; 2000.
29 Tingvall C. “What is “Vision Zero”? Safe and sustainable transport: A matter of quality assurance. European Conference of Ministers
of Transport; Paris; 2004.
30 This drew on the work of Haddon, whose description of ‘crash packaging’ forms the basis of modern occupant protection strategies in
which understanding human tolerance to injury and the control of energy.
31 Tingvall C, Lie A, Johansson R. Traffic Safety in Planning - A Multidimensional Model for the Zero Vision. In: von Holst H, Nygren Å,
Andersson ÅE, editors. Transportation, Traffic Safety and Health — Man and Machine: Second International Conference. Brussels,
Belgium: Springer Berlin Heidelberg; 1996, Published 2000. p. 61-9.
32 Larsson P, Dekker SWA, Tingvall C. The need for a systems theory approach to road safety. Safety Science. 2010;48(9):1167-74.
33 Velocity is more commonly referred to as impact speed in a crash.
34 Belin M-Å, Tillgren P, Vedung E. Vision Zero – a road safety policy innovation. International Journal of Injury Control and Safety
Promotion. 2012;19(2):171-9.
35 Kristianssen A-C, Andersson R, Belin M-Å, Nilsen P. Swedish Vision Zero policies for safety – A comparative policy content analysis.
Safety Science. 2018;103:260-9.
36 From rapid deceleration and/or direct impact.
37 Tingvall C. The Zero Vision a road transport system free from serious health losses. In: von Holst H, Nygren Å, Thord R, editors.
Transportation, Traffic Safety and Health — The New Mobility: First International Conference. Brussels, Belgium: Springer Berlin
Heidelberg; 1995, Published 1997. p. 37-57.
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That the speed limit acts to regulate the safety of drivers (and occupants) is premised on the following
relationships:
1.

Travel speed is correlated with speed limits. 38

2. Impact speed is associated with travel (i.e., operating) speed. 39
3. Injury severity is correlated with impact speed (i.e., velocity).27, 40

FIGURE 1.1

THE MULTI-DIMENSIONAL (VISION ZERO) MODEL FOR SAFE TRAVEL IN A VEHICLE 41

It is the link between speed limits, impact speed and injury severity that is central to the Vision Zero model.
Vision Zero links the protection of drivers to the safety of the vehicle, the safety of the road and roadside, and
the speed limit by stating that
The total injury mitigation capacity of these components (vehicles, roads) determines the safe
speed of the system. If a higher speed is desired, the safety performance of vehicles,
roads/streets and/or road-user must be increased… Deficiencies in the system design must be
compensated by a lower speed. 42(p.1168)
This statement reinforces the core Vision Zero design principle that in order to protect drivers the road
transport system must be built around the physical tolerance of the human body to crash forces. Indeed, how
well this is achieved determines the level of injury observed in any transport system.
As stated by Lie, the value of the Vision Zero model is that
The model can be used to set design parameters and establish conditions for safe use. The
hypothesis underlying the model is that fulfilment of the predefined sets of factors would
generate an inherently safe system. 43(p.8)
38 Yang J, Xu J, Gao C, Bai G, Xie L, Li M. Modelling of the Relationship Between Speed Limit and Characteristic Speed of Expressway
Traffic Flow. Sustainability 2019;11,(4621).
39 TRB. Special Report 254: Managing Speed: Review of Current Practice for Setting and Enforcing Speed Limits. Washington, DC:
Transportation Research Board; 1998.
40 Doecke SD, Baldock MRJ, Kloeden CN, Dutschke JK. Impact speed and the risk of serious injury in vehicle crashes. Accident Analysis
& Prevention. 2020;144:105629.
41 Tingvall C, Lie A, Johansson R. Traffic Safety in Planning - A Multidimensional Model for the Zero Vision. In: von Holst H, Nygren Å,
Andersson ÅE, editors. Transportation, Traffic Safety and Health — Man and Machine: Second International Conference. Brussels,
Belgium: Springer Berlin Heidelberg; 1996, Published 2000. p. 61-9.
42 Larsson, P., Dekker, S. W. A., & Tingvall, C. (2010). The need for a systems theory approach to road safety. Safety Science, 48(9),
1167-1174.
43 Lie A. Managing traffic safety: an approach to the evaluation of new vehicle systems. Stockholm, Sweden: Karolinska Institute; 2012.
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The logic of the Vision Zero model is that once an inherently safe system is achieved, serious injury will be
eliminated. Implied in this is that reductions in serious injury will be achieved as the conditions of an
inherently safe system are progressively realised. The importance of defining the specific design ‘settings’, or
criteria, for each component of the road transport system therefore cannot be overstated. Here it is noted that
serious injury is defined as MAIS 3+ injuries as per the Abbreviated Injury Scale (AIS) 44 given its correlation
with impairment and its direct link to the assessment of vehicle safety performance in crash tests. 45
As a first step towards identifying these design criteria, Linskogg 46 set out the principles that each performance
criterion needs to support (Table 1.1). Subsequent to this specific criteria for each component of the road
transport system were identified and presented as the Swedish Road Administration (SRA) Model of a Safe
Road Transport System.47 49 These principles and identified criteria, are presented in Table 1.1. Operationally
the individual criteria combine to define the level of safety for the driver.
TABLE 1.1

UNDERLYING PRINCIPLES OF THE VISION ZERO MODEL AND CRITERIA FOR THE ACHIEVEMENT OF
AN INHERENTLY SAFE SYSTEM

System component

Principles46

Criteria per the SRA Model of a Safe Road
Transport System 47 48 49

Safe Driver

Knowledge,
Capability,
Capacity, and
Willingness to correctly use the road transport
system.

Seat-belt worn
Compliant with the speed limit
Sober (alcohol, BAC)

Safe Vehicle

Supports correct use.
Protects drivers and passengers.
Protects other road users.

5-star Euro-NCAP vehicles plus ESC.

Safe Roads

Supports correct use.
Forgiving in terms of injury mitigation.

4-star EURO-RAP roads. Ratings are based on the
presence of specific safety features and speed
limit. Consideration is given to different crash
configurations (head-on, run-off road, intersection,
rear-impact).

The selection of the Safe Driver, Safe Vehicle and Safe Roads criteria by Stigson and colleagues47 was based on
current best practice and research evidence including for instance, the association of specific factors with crash
involvement (e.g., BAC level, travel speed) and injury severity (e.g. impact speed, object struck, impact
direction, seat-belt use, airbags).47 48 49 50 Requirements relating to speed are embedded within the Safe Driver,
Safe Vehicle and Safe Roads criteria in line with the underlying principles of the Vision Zero model. This
reinforces the regulatory role that speed plays in the level of safety in the road transport system. From a
practical perspective, embedding speed within the three system components facilitates the use of crash data to
assess the safety performance of the road transport system.47
Using fatality crashes as a data input, the criteria identified in the SRA Model of a Safe Road Transport System
(Table 1.1) were used to assess the safety performance of the Swedish road transport system.47 48 49 50 By
examining the extent to which individual criteria were met the findings pointed to weaknesses in the level of

44 Association for the Advancement of Automotive Medicine (AAAM). Abbreviated Injury Scale (AIS) 2005 – Update 2008. Chicago:
AAAM; 2015.
45 Tingvall C, Ifver J, Krafft M, Kullgren A, Lie A, Rizzi M, et al. The Consequences of Adopting a MAIS 3 Injury Target for Road Safety
in the EU: a Comparison with Targets Based on Fatalities and Long‐term Consequences. International Research Council on the
Biomechanics of Injury (IRCOBI); Gothenburg, Sweden. 2013. p. 1-11.
46 Linnskog P. Safe Road Traffic - Systematic quality assurance based on a model for safe road traffic and data from in-depth
investigations of traffic accidents. Proceedings of the EuroRAP AISBL 5th General Assembly Members' Plenary Sessions; Barcelona,
Spain; 2007.
47 Stigson H, Krafft M, Tingvall C. Use of Fatal Real-Life Crashes to Analyze a Safe Road Transport System Model, Including the Road
User, the Vehicle, and the Road. Traffic Injury Prevention. 2008;9(5):463-71.
48 Stigson H. A Safe Road Transport System - Factors Influencing Injury Outcome for Car Occupants. Stockholm Sweden: Karolinska
Institute; 2009.
49 Stigson H, Hill J. Use of Car Crashes Resulting in Fatal and Serious Injuries to Analyze a Safe Road Transport System Model and to
Identify System Weaknesses. Traffic Injury Prevention. 2009;10(5):441-50.
50 Of note is that much of this evidence stemmed from the in-depth investigation of vehicle crashes similar to the ECIS program, as well
as vehicle crash tests where the force readings of the crash test dummies (Anthropometric Test Devices, ATDs) is linked to injury
severity across the human body.
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safety that needed to be addressed in order to achieve reductions in the number of people killed on Swedish
roads.
These same criteria, among others, were used as Safety Performance Indicators (SPIs) to monitor progress
towards the realisation of an inherently safe road transport system. 51 While the principles that underpin the
Vision Zero model are fixed, it is recognised that the specific criteria to achieve an inherently safe system can
evolve, particularly with the emergence of new vehicle technology and improved infrastructure designs.
Moreover, the Vision Zero model is applicable to jurisdictions other than Sweden noting however the need to
tailor each criterion to local needs. Here it is noted that the ECIS program will extend this work by testing the
hypothesis that once pre-defined safety criteria are satisfied, no driver (or occupant) involved in a crash will
be seriously injured (see Chapter 8).
Under Vision Zero the responsibility to identify and implement the criteria required to create an inherently
safe road transport system rests with system designers and operators (i.e., government). 52 Actions include
setting vehicle safety standards and ensuring roads and roadsides are optimally designed and equipped with
appropriate safety infrastructure. These same designers and operators must also ensure that speed limits are
set within the limits of the available safety provided by these two components, modified only by the differing
impact speed / injury severity relationships of foreseeable crash types (i.e., head-on crashes; run-off-road
crashes; intersection crashes; rear-impact crashes). Collectively, these settings form the system safety
boundary.
These same system designers and operators also specify usage rules. Drivers are obliged to comply with these
rules as compliance ensures that the system is used within the in-built ‘design window’ or ‘system boundary’.
That drivers have a role in ensuring their safety and that of other road users gives rise to the expression shared
responsibility. 53 As part of this, drivers also need to understand and accept that to protect them from serious
injury the speed limit needs to be set in the context of the safety of available vehicles and the roadside safety
infrastructure; in this way mobility can be seen by the community to be a product of system safety.
The Vision Zero model shows that safety of the road transport system can be compromised in two ways:
1.

The system settings are misaligned and/or are insufficient to protect occupants from being exposed to
impact forces that result in drivers being seriously injury. In this scenario the safety of drivers
compliant with the usage rules is not assured, and non-compliance exacerbates the risk of serious
injury due to the crash occurring even further beyond the protection provided by the vehicle.

2. When in an otherwise inherently safe road transport system (i.e., Safe Vehicle, Safe Roads criteria
met), drivers fail to comply with the usage rules that were established to ensure safe travel. This occurs
because the drivers are operating outside of the specified safe system boundary.
In both scenarios above, the protection against serious injury is compromised to the point where serious injury
is inevitable and foreseeable. While obligations for safety are shared, the role of the system designers and
operators is profound. Indeed, not only must system designers and operators identify and implement the
conditions of an inherently safe system, under Vision Zero they remain obliged to act further until such point
that any weakness or any threat to safety are eliminated. In this way, Vision Zero gives rise to a social contract
between the system designers, operators and the drivers such that drivers can expect protection from serious
injury subject to drivers fulfilling their own responsibilities to use the system as required.
The influence of Vision Zero and the way of thinking about how reductions in injury can be achieved has been
transformative. Being rooted in four dimensions, these being ethics, shared responsibility, a scientific
approach that underpinned the safety philosophy and vision, and driving forces for change, 54 Vision Zero
represented a fundamental paradigm shift in road safety. While the scientific approach drew from Haddon
(and others) and the role of management and policy processes in shaping road safety policy were well known,
the inclusion of ethics and recognition of the multi-layered division of responsibility were new to road safety.
Indeed, the alignment of these four dimensions combined with the notion that humans are fallible meant that
Vision Zero was a truly transformational way of thinking about road safety that has influenced road safety
practitioners and academic researchers globally.
In Sweden, the adoption of Vision Zero formalised the commitment of the Swedish Government to the
elimination of serious injury in the longer-term. To reach this goal, it is acknowledged that safety needs to be
51 Tingvall C, Stigson H, Eriksson L, Johansson R, Krafft M, Lie A. The properties of Safety Performance Indicators in target setting,
projections and safety design of the road transport system. Accident Analysis & Prevention. 2010;42(2):372-6.
52 Tingvall C. The Swedish ‘Vision Zero’ and how parliamentary approval was obtained. Road Safety Research, Policing and Education
Conference; Wellington, New Zealand; 1998.
53 Larsson P, Dekker S W A, Tingvall C. (2010). The need for a systems theory approach to road safety. Safety Science, 48(9), 1167-1174.
54 Tingvall C, personal communication to M. Fitzharris, 2019.
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prioritised over mobility and that responsibility for road safety performance ultimately rests with the
government.
At a broader level, the Vision Zero model provided a detailed understanding of how the elements of the road
transport system interact with one another to produce safer travel. It is these very concepts that inspired what
is known as the Safe System approach.

1.3.2

The emergence of the Safe System approach in Australia

Published in the year 2000, two years after Tingvall’s Vision Zero keynote address at the Australasian road
safety conference, Australia’s National Road Safety Strategy 2001-2010 stated that
The road toll should not be seen as inevitable…the priority given to road safety should reflect
the high value that the community as a whole places on the preservation of human life and the
prevention of serious injury. 55(p.3)
The National Strategy also stated that “the challenge is to move our thinking from ways to limit the toll to how
to create a genuinely safe road transport system and to work out how to achieve such a system”.55(p.2)
While Australia had achieved remarkable success in reducing the number of people killed on Australian roads
since the early 1970s, these words expanded this focus and provided a renewed impetus to improve the safety
of the road transport system.
In a move consistent with the Vision Zero model of a safe road transport system, the National Strategy
emphasised actions in the domains of Safer road user behaviour, Safer vehicles and Safer roads. Speed
management was a feature of the strategy having noted the link between travel speed and crash risk as well as
travel speed and impact speed. Additional areas of focus included impaired driving (i.e., alcohol, drugs, fatigue)
and seat-belt use.55, 56
Influenced by Sweden’s Vision Zero, road safety practitioners in Victoria developed the Safe System approach
in 2003 when developing Victoria’s own road safety strategy. 57 Mr Eric Howard, then General Manager (Road
Safety) at VicRoads, first presented the Safe System approach at the 2004 Road Safety Research, Policing and
Education Conference held in Perth.
In his 2004 paper, Implementing a ‘Safe System’ approach to road safety in Victoria, Howard stated that “by
using a systems approach”57(p.12) reductions in road trauma could be maximised by challenging system
designers to achieve a “balance between the three key factors of the physical [road] network”57(p.2), these being
the road and roadside safety, the travel speed of vehicles as influenced by speed limits, and vehicle safety. Like
the Vision Zero model, Howard explicitly stated that the road transport system needs to be designed on the
premise that crashes will occur and that the objective is to ensure physical forces and impact are limited such
that “collisions do not result in death or very seriously impaired health”.57(p.3) The Safe System approach was
presented schematically, an adapted version of which is presented in Figure 1.2.
In developing the Safe System approach, Howard noted that
The ‘systematic/system-wide’ approach is based on Swedish practice and experience, but in its
application locally reflects the nature of the Victorian road transport system, its risks and
characteristics. It provides a framework for identifying and analysing the interactions between
elements of the road transport system including its use, and the associated crash and crash
outcome risks.57(p.2)

55 Australian Transport Council. National Road Safety Strategy 2001–2010. ACT, Australian Transport Safety Bureau; Canberra; 2000.
56 Australian Transport Council. National Road Safety Action Plan 2005 and 2006. Canberra: Australian Transport Safety Bureau
(ATSB); undated.
57 Howard E. Implementing a ‘safe system’ approach to road safety in Victoria. Road Safety Research, Policing and Education
Conference; Perth, W.A.; 2004.
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Source: WHO 58 (Note: Post-crash emergency care was not previously represented); adapted from Howard (2004)57

FIGURE 1.2

THE SAFE SYSTEM APPROACH

It was later stated that the Safe System approach also took elements of the strong road engineering focus of
the Dutch Sustainable Safety Model, in particular, the use of road design to prevent driver error and the
emphasis on speed limit setting based on road function (i.e., hierarchy), use requirements, and the presence
or absence of other safety features. 59 60 By taking elements of Vision Zero and the Dutch Sustainable Safety
approach, it was stated that a conceptual model of road safety relevant to the Australian socio-political
environment was created. 61 In arriving at this model, the prevailing road safety culture, population density,
the nature of the road network, the road hierarchy, and usage patterns were all given consideration.
Howard presented the Safe System approach as a “powerful framework for our advocacy and analysis”57(p.12)
and as a way to “understand the interaction between road use elements and to develop effective
countermeasures to address these key challenges”.57(p.1) The approach was seen to be of value in engaging the
community on road safety.
The Safe System approach was endorsed by the Ministers of the Australian Transport Council (ATC) to be the
overarching framework of Australia’s National Road Safety Strategy in November 2004.55 56 Shortly thereafter
the Safe System framework was represented in the National Road Safety Action Plan 2005 and 2006 62 using
the schematic as first presented by Howard.57 Ever since, the Safe System approach has been a key part of the
road safety strategies of all Australian States and Territories and is used as the mechanism by which reductions
in the number of people killed and seriously injured can be achieved.

58 World Health Organization. Powered two- and three-wheeler safety: a road safety manual for decision-makers and practitioners.
Geneva: World Health Organization; 2017.
59 Corben BF, Logan DB, Fanciulli L, Farley R, Cameron I. Strengthening road safety strategy development ‘Towards Zero’ 2008–2020
– Western Australia’s experience scientific research on road safety management SWOV workshop 16 and 17 November 2009. Safety
Science. 2010;48(9):1085-97.
60 Turner B. Implementing the safe system approach to road safety: some examples of infrastructure related approaches. 16th Road
Safety on Four Continents Conference; 15-17 May; Beijing, China; 2013.
61 Muir C, Johnston IR, Howard E. Evolution of a holistic systems approach to planning and managing road safety: the Victorian case
study, 1970–2015. Injury Prevention. 2018;24(Suppl 1):i19-i24.
62 Australian Transport Council (ATC). National Road Safety Action Plan 2005 and 2006. Canberra: ATC; 2005.
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1.3.3

Key principles and the four cornerstones of the Safe System approach

Contemporary Australian road safety strategies commonly identify four Safe System elements, these being
Safe Speeds, Safe Roads and Roadsides, Safe Vehicles and Safe Road Users. These are commonly referred to
as Cornerstones. Table 1.2 provides a summary of the intent and actions associated with each system
cornerstone.
It can be stated that whilst the visual representation of the Safe System approach has evolved over time and
alternative versions exist, 63 64 65 66 67 68 the principles that underpin the Safe System approach have remained
constant, these being:63
1.

Despite best efforts to be alert and compliant with the rules of the road, drivers (road users) will
inevitably make mistakes that result in crashes. Mistakes may be driven by distraction, inattention or
lack of judgement, and do not include deliberate action and/or non-compliance.

2. The human body has a limited capacity to withstand external forces without sustaining injury.
3. The road transport system must be designed to be forgiving so that serious injuries are avoided.
4. Responsibility for safety is shared.
Accepting that drivers are fallible and crashes are inevitable, the Safe System approach
Challenges system designers to achieve a balance in the 3 [sic] key factors on the physical
network – the road and roadside safety, the travel speed as influenced by speed limits and the
primary and secondary safety features of vehicles in order to achieve safe conditions, which
result in non-fatal crash outcomes.57(p.2)
Here, the intent is to ensure that where crashes occur the system is designed in such a way that the driver is
protected from serious injury by limiting exposure of the human body to the forces of the crash. As described
in the OECD Towards Zero report,63 the Safe System approach gives primacy to speed management as a
means of achieving safer travel. This means that speed limits are used to regulate (i.e., control) the overall level
of safety in the system. Indeed, the central role of speed management as the unifying intervention of the Safe
System approach is summarised by the following
Of the elements in the Safe System approach, speed management is critical in limiting the
impact energy of crashes and underpins almost every consideration involved in the development
of new and existing safety initiatives. The Safe System approach maintains that travel speeds as
well as roads, roadsides and vehicles should be designed and managed to reduce the risk of
crashes and prevent serious injury or death to people in the event of a crash. 69(p.3)
In practice, this means that speed limits are set according to the surrounding roadside infrastructure and with
the safety of the vehicle fleet in mind. Noting the vast expanse of the road network in the context of low
population density, Howard pointed to the function of the road and traffic volume as key inputs when
determining safe speed limits in Victoria.57
While speed management is given primacy in the Safe System approach, taking action across all four Safe
System cornerstones concurrently is necessary to achieve the elimination of serious injury in the long-term.
Examples in Victoria have included, for instance, the promotion of side impact airbags, requirements for the
fitment of Electronic Stability Control (ESC) in vehicles, the commencement of the Graduated Licensing
program for novice drivers and riders, expansion of alcohol interlock requirements for drink-driving offenders,
roadside drug tests, as well as the widespread installation of median and roadside barrier systems. This multifaceted approach and concurrent use of safety measures has the advantage of accelerating reductions in serious
injury compared to a focus on a single system element. 70 Indeed, the pace of reduction in serious injury is
dependent on the number, type and effectiveness of individual road safety countermeasures.

63 OECD. Towards Zero: Ambitious Road Safety Targets and the Safe System Approach. Geneva; 2008.
64 Government of Victoria. Victoria's Road Safety Strategy: Arrive Alive 2008-2017: Vicroads; 2008.
65 TMR. Safer Roads, Safer Queensland – Queensland’s Road Safety Strategy 2015–21. Brisbane: Department of Transport and Main
Roads (TMR); 2015.
66 Road Safety Commission. Towards Zero 2008-2020. Perth: Western Australia Road Safety Commission; 2008.
67 Road Safety Council. Imagine Zero. Perth: Government of Western Australia; 2019.
68 State Government of Victoria. Towards Zero 2016-2020 Victoria’s Road Safety Strategy and Action Plan. [Internet]. Melbourne: State
Government of Victoria.
69 RTA. ‘Safe System’ – the key to managing road safety, Fact Sheet 6 of 6. Sydney: Roads and Traffic Authority (RTA) of NSW; 2011.
70 OECD. Towards Zero: Ambitious Road Safety Targets and the Safe System Approach. Geneva; 2008.
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TABLE 1.2

SAFE SYSTEM CORNERSTONE: INTENT AND ACTIONS*

SAFE SYSTEM
CORNERSTONE
1. Safe Roads and Roadsides

INTENT AND ACTIONS
•

•

2. Safe Speeds

•

•

•
•
3. Safe Vehicles

•
•
•
•
•
•

4. Safe Road Users

•

•
•

Improve road and roadside infrastructure in order to reduce crash risk and ensure the
amount of energy experienced by road users in a crash is below the threshold for
serious injury.
Includes implementing Safe System principles into the design of new roads, retrofitting
safety features across the existing road network, and ensuring optimal maintenance
and operating standards. This includes, for instance, the installation of flexible barrier
systems, minimising vehicle conflict through design, and using design to eliminate
driver error and promote safe decisions by drivers.
Matching speed limits to the presence / absence of road and roadside safety features,
the known crashworthiness of vehicles and the known vulnerability of the human body
to injury. The intent is to ensure vehicle travel speed at impact falls within the safety
limit of the vehicles(s) and road users involved, thereby minimising the risk of serious
injury.
The definition of safe speeds is modified by the presence of vulnerable road user
groups and the type of vehicle-to-vehicle and vehicle-to-roadside object conflicts
possible due to road design.
Actions include road user compliance with the speed limits through public education,
police enforcement and other licensing consequences for non-compliance.
Recognition that speed choice and compliance can be influenced by road design.
Intention is to provide enhanced protection for vehicle occupants and other road users
through optimised passive safety and active safety technology.
Regulation to ensure minimum vehicle safety standards and mandatory fitment of
advanced safety technologies:
Ensure vehicles offer the maximum level of occupant protection through enhanced
passive safety so as to reduce injury severity in the event of a crash.
Ensure the fitment of active safety systems that reduce the likelihood of crash
involvement and impact severity.
Provision of consumer-based information (e.g., NCAP, Used Car Safety Rating
schemes) to encourage safe purchasing decisions.
Improved safety of vehicles achieved via the promotion of safety features;
encouraging corporate responsibility for the purchase of safe vehicles and
implementing mandatory fleet purchasing policies.
Intention is to ensure road users act within the operational boundaries of the
established system (thereby reducing crash risk and minimising the risk of serious
injury), and are able to respond appropriately to the actions of other road users.
Ensure road user compliance with all relevant road laws through education,
enforcement and penalties.
Ensure drivers are alert, unimpaired and drive to the road conditions.

* Note: multiple sources used (see footnotes above).

The responsibility for identifying and implementing the optimal design settings of the road transport system
rests with system designers and operators. However, as in Vision Zero, individual road users also have a
significant role to play in ensuring their own safety by complying with the usage rules of the system. Howard
explains this shared responsibility by stating that “individuals are responsible for abiding by road rules, and
system designers (in this case regulators) need to ensure adequate safety-orientated road rules are in
place”.57(p.3) Shared responsibility has more recently been defined by Austroads as “road managers and
designers [sharing] the responsibility for safe travel outcomes by accommodating road user error”. 71(p.24) This

71 Turner B, Jurewicz C, Pratt K, Corben B, Woolley J. Safe System Assessment Framework, AP-R509-16. Sydney: Austroads; 2016.
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responsibility for road safety extends to all government authorities and corporate industry that can influence
road safety.67 72
The identification of actions within each Safe System cornerstone is therefore a key responsibility of system
designers and road operators. Like the Vision Zero model, the fundamental challenge of the Safe System
approach is the identification of specific criteria that are not only effective in their own right but integrate with
other measures to create an inherently safe road transport system. This is critical as the magnitude of road
trauma reductions is dependent on the extent to which system settings are ‘correct’; that is, that the system is
designed and operated in such a way that the driver and other vehicle occupants are not exposed to forces at
impact that cause serious injury when crashes inevitably occur.
With respect to these ‘settings’, from a functional perspective and to operationalise the Safe System approach–
like the Vision Zero model–requirements relating to speed need to be embedded within the Safe Driver, Safe
Vehicle and Safe Roads criteria. Here it is recognised that the four-cornerstone representation of the Safe
System approach has been a powerful advocacy tool and has been of value in raising awareness of the role that
speed plays in driving road trauma. At a scientific and policy level, the Safe System approach provides a
scientific basis for robust policy decisions to be made and ensures that the contribution of each individual,
government agency and corporate entity to make roads safe is highlighted.
With the Safe System approach having been formulated and adopted in Victoria in 2004 and formally
embedded within successive road safety strategies since 2008, the overarching concepts are widely
understood. Optimal application of the Safe System approach, however, ideally requires a detailed
understanding of how crashes occur and the factors associated with injury. Armed with this knowledge, and
using first principles of the Safe System approach as reflected in Figure 1.2 and Table 1.2, actions to prevent
‘like’ crashes and/or eliminate serious injury can be identified. It is suggested here that this process, along with
knowledge of current best practice, represents the basis for identifying effective road safety countermeasures.
It is with this perspective that the ECIS program was established.

1.4

ECIS PROGRAM JUSTIFICATION AND RATIONALE

The ECIS program represents a significant investment by the TAC in understanding the factors associated with
crashes and serious injury. The discussion of Vision Zero and the Safe System approach aimed to give the
reader an understanding of the data needs and insight required to inform the pathway towards reductions in
road trauma in the short-medium term and the elimination of serious injury in the long-run. This section aims
to provide the reader with an understanding of the scope of work, the basis for the study being undertaken and
the questions that will be addressed.
First, and to provide a context for the ECIS program, the purpose, structure and contribution of in-depth crash
investigation studies to road safety research is outlined. For a more detailed exposition of in-depth crash
investigation research in Australia and overseas the reader is referred to Appendix A. By highlighting the
findings of past in-depth crash investigation studies in Australia and overseas, it is anticipated that the scope
and contribution of the ECIS program can be understood.

1.4.1

The ECIS program in context: The purpose, structure and contribution of in-depth crash investigation
programs

The ECIS program adopts the in-depth crash investigation method. This method is recognised in Australia and
overseas as a powerful and unique way to gather highly detailed and rich data on how crashes occur, the factors
associated with crashes, and the nature and severity of injuries sustained.
Data obtained from in-depth crash investigation studies have been used to examine a broad range of research
questions across each element of the Safe System, including: driver inattention 73 and driver-related factors
associated with crash events 74; the relationship between travel speed and crash risk 75; the relationship between

72 Tingvall C, And the Academic Expert Group of the 3rd Global Ministerial Conference on Road Safety 2020. Recommendations from
the Academic Expert group regarding a second Decade of Action for Global Road Safety. Stockholm: Trafikverket, the Swedish Transport
Administration; 2018.
73 Beanland VC, Fitzharris MP, Young KL, Lenné MG. Driver inattention and driver distraction in serious casualty crashes: data from
the Australian National Crash In-depth Study. Accident Analysis and Prevention. 2013;54:99-107.
74 Singh S. Critical reasons for crashes investigated in the National Motor Vehicle Crash Causation Survey, Traffic Safety Facts Crash
Stats, Report No. DOT HS 812 506. Washington, DC: NHTSA; 2018.
75 Kloeden CN, McLean AJ, Moore VM, Ponte G. Travelling speed and the risk of crash involvement. Volume 1 - Findings, CR 172.
Canberra: Federal Office of Road Safety; 1997.
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impact speed and injury 76; the development and evaluation of vehicle regulations on safety 77 78; the assessment
of the benefits of active vehicle safety technology 79; how injuries occur 80 81 and the benefits of passive safety
features such as airbags 82 83 84 85; and the effectiveness of roadside treatments 86 87, among others.
The ECIS program, like other in-depth studies, commences with an interview with an injured driver followed
by inspection of the damaged vehicle and the crash scene. These data are frequently supplemented with
medical records, police crash reports and insurance data. Data collection can occur On-The-Spot (OTS)
immediately after the crash or via retrospective methods. Common methods and data protocols have been
established for these studies. 88 The ECIS program adopted a retrospective approach where the first point of
contact with the injured driver was in the hospital setting.
A strength of the in-depth crash investigation method is the ability to adopt a systematic and systems-based
approach to assess the full range of factors associated with crash occurrence and injury severity outcomes.
Standardised data collection protocols enable crashes to be classified according to objective and validated
injury severity metrics, and then linked to vehicle design, road infrastructure features and occupant
characteristics. The use of crash reconstruction techniques to estimate travel speed, braking and impact speed,
as well as the assessment of vehicle damage, provides further insight into how crashes and injuries occur.
Due to the technically varied and complex nature of the data collected and analytical methods, highly multidisciplinary teams with skillsets ranging from engineering, nursing, medicine, statistics, and psychology are
required. The breadth of skills enables high-quality and complementary data to be collected, analysed and
interpreted within an integrated team.
Despite the significant strengths of in-depth crash investigation programs, these programs are expensive to
conduct due to their complexity and the type and volume of data collected. Consequently in-depth crash
investigation studies are often confined to a specific geographic area and/or may be limited to specific crash
types. 89
The ECIS program is unique in that the program was funded by the TAC to focus on serious injury crashes that
occurred across Victoria. To ensure the full range of crashes were examined no limits were placed on the time
of day or day of week of the crash. With the ECIS program designed to collect information from a sample of
crashes, the inclusion of a broad cross-section of crash types was crucial. To this end, a key strength of the ECIS
program was the significant co-operation and assistance of both of Victoria’s Adult Major Trauma Centres in
the conduct of the study.
In short, the structure of the ECIS program, the nature of data collected and the post-processing of each crash
enables a wide range of important policy and research questions to be addressed. Specific questions that will
be addressed through the use of the ECIS program data are described below.

76 Doecke SD, Baldock MRJ, Kloeden CN, Dutschke JK. Impact speed and the risk of serious injury in vehicle crashes. Accident Analysis
& Prevention. 2020;144:105629.
77 Fitzharris M, Fildes B, Newstead S, Logan D. Crash-based evaluation of Australian Design Rule 69 (full frontal crash protection).
Canberra: Australian Transport Safety Bureau; 2006.
78 Fitzharris M, Stephan K. Assessment of the need for, and the likely benefits of, enhanced side impact protection in the form of a Pole
Side Impact Global Technical Regulation. Clayton: Monash University Accident Research Centre; 2013.
79 Anderson RWG, Doecke SD, Mackenzie JRR, Ponte G, Paine D, Paine M. Potential benefits of forward collision avoidance technology,
CASR106. Brisbane: Department of Transport and Main Roads; 2012.
80 Fitzharris MP, Franklyn MJ, Frampton R, Yang KH, Morris A, Fildes BN. Thoracic aortic injury in motor vehicle crashes: the effect of
impact direction, side of body struck, and seat belt use. Journal of Trauma. 2004;57(3):582 - 590.
81 Yoganandan N, Fitzharris M, Pintar FA, Stemper BD, Rinaldi J, Maiman DJ, Fildes BN. Demographics, Velocity Distributions, and
Impact Type as Predictors of AIS 4+ Head Injuries in Motor Vehicle Crashes. Annals of Advances in Automotive Medicine. 2011;55:26780.
82 Grömping U, Weimann U, Mentzler S. Split register study: A new method for estimating the impact of rare exposure on population
accident risk based on accident register data. 1st International ESAR Conference; Hanover; 2004.
83 Franklyn M, Fildes B, Zhang L, Yang K, Sparke L. Analysis of finite element models for head injury investigation: Reconstruction of
four real-world impacts. Stapp Car Crash Journal. 2005;49:1-32.
84 Fildes B, Fitzharris M, Logan DB, Gabler HC. Side impact crashes and countermeasures. Fourth International Forum of Automotive
Traffic Safety; Changsha, China; 2005.
85 Braver ER, Kyrychenko SY, Ferguson SA. Comparing driver frontal mortality in vehicles with redesigned and older-design front
airbags. Annual Proceedings of the Association for the Advancement of Automotive Medicine. 2004;48:1–14.
86 Doecke SD, Woolley JE. Effective use of clear zones and barriers in a Safe System’s context. Australasian Road Safety Research,
Policing and Education Conference; Canberra; 2010.
87 Gabauer DJ, Gabler HC. Differential rollover risk in vehicle-to-traffic barrier collisions. Annals of Advances in Automotive Medicine.
2009;53:131-40.
88 Thomas P, Muhlrad N, Hill J, Yannis G, Dupont E, Martensen H, Hermitte T, Bos N. Final Project Report, Deliverable 0.1 of the EC
FP7 project DaCoTA; 2013. [Internet]. http://www.dacota-project.eu/Deliverables/DaCoTA_Final_Report.pdf; http://www.dacotaproject.eu/conference%20programme%201.html, http://dacota-investigation-manual.eu/pmwiki.php
89 OECD / ITF. Reporting on serious road traffic casualties. Combining and using different data sources to improve understanding of
non-fatal road traffic crashes. Paris: International Transport Forum; 2011.
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1.4.2

Informing the prevention of serious injury in crashes

Until relatively recently, the number of people killed in road crashes has been the primary metric by which
road safety has been measured. With recognition of the profound impact of injuries on the daily lives of those
affected, the impact on family members and the high financial cost of providing care, attention has shifted to
address what has been described as ‘the hidden toll’ of serious injuries. 90
With this in mind, the TAC funded the ECIS program in anticipation of the insights the program will provide
as it strives to eliminate the occurrence of serious injury in crashes. It is expected that the findings of the ECIS
program can be used to identify opportunities to improve road safety, support evidence-based road safety
policy, and be used to engage with the Victorian community on road safety issues.

1.4.3

Addressing key questions to inform policy

The ECIS program was designed to provide a comprehensive understanding of serious injury crashes by:
1.

Identifying factors associated with crash occurrence.

2. Identifying factors associated with different levels of injury severity.
3. Identifying protective injury mitigation factors.
Taking advantage of the long tradition of in-depth crash investigation, the ECIS program adopted a systematic
case-by-case approach when examining each crash. With driver-related factors, vehicle factors, and factors
associated with the road and roadside all being the focus of inquiry, a comprehensive understanding of the
crash, the type of injuries sustained and their severity can be achieved. While enumerating the presence and
influence of individual risk factors is critical, so too is understanding the interaction between risk factors. The
nature of the data collected in the ECIS program facilitates this analysis to be performed.
The systematic case-by-case approach also enables aggregation of factors of interest across all ECIS crashes.
This provides an unbiased understanding of the relative ranking of individual factors for both crash occurrence
and serious injury. Of value, particularly for countermeasure development, will be the documentation of crash
occurrence and injury severity risk factors analysed across common crash types, including lane departure
crashes, across path crashes and rear impact crashes.
Among the many individual driver, vehicle and road infrastructure factors examined, the question of the
association between travel speed and crash risk and the association between impact speed and injury severity
was of specific interest. The ECIS program examines these two associations in a single program. This will allow
for an improved understanding of their inter-relationships with injury risk to be gained. This is particularly
important as the control of crash energy as a means of preventing injury is central to the Safe System approach
that underpins Victoria’s road safety strategy.
To enable the speed analysis to be undertaken, in addition to reconstructing each crash, the ECIS program
included a ‘Control Arm’. The ECIS program is therefore a ‘case-control’ study. This is rare among in-depth
crash investigation studies. For a sub-sample of ECIS crashes (i.e., cases), drivers passing safely through the
site of the ECIS crash at the same time of the day and the same day of the week but some weeks after the ECIS
crash had their travel speed measured; these drivers are referred to as being in the ECIS Control Arm. By
comparing the recorded speed of ECIS Control Arm drivers with the estimated travel speed of the vehicles
involved in the crash, the association between travel speed and crash risk can be estimated. This association,
demonstrated previously in Australia by Kloeden and colleagues in Adelaide (Australia), 91 is an especially
important policy question. That this analysis is undertaken among modern passenger cars with advanced
braking features, as well as other safety features such as ESC and airbag systems, is particularly important.
Likewise, examining the relationship between impact speed and injury severity using recent Australian data is
also important, noting the excellent recent work of Doecke et al. 92 who examined the form of the impact speed
– injury severity relationship using US crash data.
Through its singular focus on crashes resulting in hospitalisation and the use of the internationally accepted
injury classification system, the Abbreviated Injury Scale, 93 the findings from the ECIS program are able to be
examined using more than one injury severity outcome level. By conducting the risk factor analysis for all
crashes combined as well as for those where a driver (or involved occupant) sustained an AIS injury of 3 or
90 Tippet G. The road toll you don’t see. The Age. [Newspaper]. p.1, 24 June 2002. Fairfax: Melbourne.
91 Kloeden CN, McLean AJ, Moore VM, Ponte G. Travelling speed and the risk of crash involvement. Volume 1 - Findings, CR 172.
Canberra: Federal Office of Road Safety; 1997.
92 Doecke SD, Baldock MRJ, Kloeden CN, Dutschke JK. Impact speed and the risk of serious injury in vehicle crashes. Accident Analysis
& Prevention. 2020;144:105629.
93 Association for the Advancement of Automotive Medicine (AAAM). Abbreviated Injury Scale (AIS) 2005 – Update 2008. Chicago:
AAAM; 2015.
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higher (serious threat to life, referred to a MAIS 3+ 94), a more nuanced understanding of crashes and their
associated risk factors can be achieved. With Tingvall and colleagues 95 stating that the choice of
countermeasures will differ based on the specified injury severity level, analysis was also conducted using
minor (MAIS 1) and moderate (MAIS 2) injury severity as a classification criterion.
That the ECIS program was undertaken at a time when in-vehicle technology and nomadic technology, such
as mobile phones, were more common than in the past is also important.
The inclusion of crashes from across Victoria ensures that the findings of the ECIS program are relevant and
generalizable to all of Victoria. This is especially important given the over-representation of drivers and vehicle
occupants killed and seriously injured in regional and remote areas of Victoria. 96

1.4.4

Putting the Safe Systems approach into practice: Key insights for Victoria

The ECIS program was purposefully designed to analyse each crash in line with the Safe System approach.
This permits two key questions to be examined for the first time using whole-of-jurisdiction serious injury indepth crash data:
1.

Is the underlying assumption of the Vision Zero Model of Safe Travel and the Safe System approach
valid? That is, when the required criteria to fulfil an inherently safe road transport system are met (i.e.,
the system is optimised), are drivers protected from serious injury? This represents a key test of the
underlying assumption of these two road safety models and the selected Safe System criteria.

2. How well does Victoria’s road transport system perform when compared to the idealised inherently
safe form required to eliminate serious injury? This analysis will also explore how well each distinct
component of the road transport system performs in meeting pre-defined Safe System criteria.
Addressing these two questions has important implications for road safety in Victoria specifically but also road
safety more generally. A finding that validates that underlying premise of Vision Zero and the Safe System
approach by demonstrating that serious injury is eliminated when specific safety criteria are met would be
highly significant. This would encourage steps aimed at reducing the incidence of serious injury for drivers to
be taken with confidence. In addition, validation of this premise would demonstrate the need to manage and
improve all elements of the road transport system concurrently. These same findings could also be used as
baseline measures against which the impact of future Victorian road safety strategies and action plans on
serious injuries involving drivers can be assessed.

1.5

ECIS OBJECTIVES

The ECIS program is ambitious in scope. This is deliberately so as in-depth crash investigation studies offer an
unparalleled opportunity to address a wide range of questions relating to road crashes and in turn, influence
road safety policy. The addition of a ‘control arm’ that includes the collection of travel speed and other data
from drivers passing through ECIS crash locations without incident in the weeks after the crash event of
interest (i.e., case) adds further value to the program, permitting additional questions concerning risk to be
answered.
At its most general level, the objective of the ECIS program was to provide insight into the causes and
consequences of serious injury crashes in Victoria. With a focus on crashes that resulted in hospitalisation of
at least one driver to an adult trauma centre in Victoria, and with deliberately broad inclusion criteria, the ECIS
program set out to answer four questions:
1.

What is the type and severity of injuries sustained in road crashes in Victoria, who sustains them, and
in what crash scenarios do these injuries happen?

2. What factors are associated with crash occurrence and injury severity?
3. Using the Safe Systems approach, what opportunities exist to improve the underlying safety of
Victorian roads?

94 The abbreviation of MAIS means the maximum AIS score. MAIS 2+ and MAIS 3+ are used as the threshold severity values, with
drivers classified as either below or at or exceeding that injury severity level. MAIS 3+ has been accepted by the EU as the definition of
serious injury.
95 Tingvall C, Ifver J, Krafft M, Kullgren A, Lie A, Rizzi M, et al. The Consequences of Adopting a MAIS 3 Injury Target for Road Safety
in the EU: a Comparison with Targets Based on Fatalities and Long‐term Consequences. International Research Council on the
Biomechanics of Injury (IRCOBI); Gothenburg, Sweden2013. p. 1-11.
96 Transport Accident Commission. Towards Zero Quarterly Statistics report - December 2019. Geelong: TAC.
https://www.tac.vic.gov.au/__data/assets/pdf_file/0012/423210/December-2019-Report-Final.pdf
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4. What measures could be taken that would act to reduce, then ultimately eliminate, the occurrence of
serious injuries in crashes?
It is anticipated by addressing these questions the ECIS program will provide key insights into the nature of
and factors associated with serious injury crashes in Victoria. These insights can be used to drive innovation
in road safety policy and aid in the realisation of TAC’s vision for zero deaths and serious injuries.

1.6

ECIS REPORT SERIES

The findings of the ECIS program are presented across four Reports. The Report series is presented as follows.
ECIS Report 1

Overview and analysis of crash types, injury outcomes and contributing
factors
This report provides the rationale for the ECIS program, and a description of the study
methods and key findings. Findings include details of the crashes and injury outcomes
overall and by crash type, an analysis of contributing factors for both occurrence and
injury severity, and a detailed examination of the safety of Victoria’s road transport
system as it applied to drivers and occupants of passenger vehicles. This Report aims to
provide a comprehensive understanding of serious injury crashes. The findings will form
the basis of identifying future road safety countermeasures aimed at eliminating serious
injuries.

ECIS Report 2

The role of travel speed and impact speed on crash and injury risk
This Report examines the association between pre-crash travel speed and crash
involvement, and the association between impact speed and injury severity. Key inputs
to this analysis are the estimates of pre-crash travel speed and impact speed obtained
through the crash reconstruction process and the ‘free travel speed’ data obtained from
ECIS Control Study drivers.
The Report presents practical examples of the effectiveness of travel speed related
interventions in reducing crash risk and in mitigating injury severity.

ECIS Report 3

Predictors and risk factors for serious injury crashes and injury
This Report aims to highlight key safety gaps and trauma risk in the road transport
system in Victoria that lead to serious injury. The focus of the report is two-fold: 1.
identifying factors associated with crashes occurring, and 2. Examining interrelationships between crash-involvement contributing factors. Analysis is presented by
crash type. The Report highlights key risk factors associated with serious injury crashes.

ECIS Report 4

Identification of effective road safety solutions for Victoria
This Report identifies a prioritised set of interventions and actions aimed at reducing the
incidence of serious injury sustained in crashes in Victoria. Interventions are focussed
on short-to-medium term actions, as well as setting a path towards the longer-term
vision of creating an inherently safe road transport system. In addition to an overall
analysis of safety countermeasures being presented, details are also provided across
different crash types.
Through this analysis, the magnitude of reductions in serious injury that can be achieved
through the implementation of specific actions can be seen.
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2

ECIS DESIGN AND DATA COLLECTION PROTOCOLS

This chapter describes the ECIS program design and method, including data collection processes and the type
of information collected. The ECIS program was implemented as a case-control study as follows:
•

ECIS Case Study: Injured drivers admitted to hospital for the treatment of injuries sustained in a crash
were enrolled to the study.

•

ECIS Control Study: Drivers passing safely through a known crash location but some weeks later were
observed and later invited to participate in the study.

Due to the complexity of the ECIS program, the full detail of the ECIS Case Study and the ECIS Control Study
is provided in Appendix B and Appendix C of this Report.

2.1

ECIS CASE STUDY

2.1.1

Study commencement and enrolment of injured drivers

The ECIS program officially launched on 14 March 2014. The ECIS Case Study commenced the enrolment of
injured drivers at The Alfred Hospital in August 2014. In June 2016 the ECIS Case Study was expanded to
include The Royal Melbourne Hospital. Enrolment to the study concluded at both hospitals in December 2016.
ECIS Research Nurses enrolled 408 injured drivers to the study. Due to insufficient information being
available from the driver interview and an inability to inspect the crash-involved vehicle, eight drivers were
excluded from analysis. ECIS therefore consisted of 400 enrolled drivers (male: 55%; female: 45%),
representing 393 crashes.
With ECIS Research Nurses based at Victoria’s two Adult Trauma Centres, both equipped with helipads, ECIS
was able to enrol drivers injured in crashes that occurred across Victoria (Figure 2.1). Approximately twothirds (63%) of crashes included in ECIS occurred in urban locations and one-third occurred in regional and
remote Victoria (37%).

FIGURE 2.1

GEOGRAPHIC LOCATION OF ECIS CRASHES IN VICTORIA
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2.1.2

Eligibility criteria

Drivers injured in passenger vehicle crashes admitted to hospital for the treatment of injuries sustained in
crashes were the focus of the ECIS Case Study.
ECIS Research Nurses sought participation of drivers whilst still in hospital. Injured drivers provided informed
consent for participation. In instances where the driver could not provide informed consent due to the nature
and severity of their injuries, informed consent from the driver’s next-of-kin was obtained.
Prior to enrolment to the ECIS Case Study, drivers or their next-of-kin were informed of the following: that all
information was confidential; that they could refuse to answer any question or withdraw from the study for
any reason; that there was no obligation to participate in the study, and that there was no payment for
participation. They were also informed and assured that their decision to participate would not influence their
medical care or future TAC claim, nor would any individual-level information be provided to the TAC.
ECIS also sought to inspect the vehicle being driven by the injured driver at the time of the crash. The purpose
of the vehicle inspection was to assess its safety performance and to collect information for the purposes of
reconstructing the crash. In cases where the injured driver did not own the vehicle, informed consent of the
registered owner to inspect the vehicle was gained.
The following five inclusion criteria had to be met for drivers to be eligible for the study:
•

Be a driver of a passenger vehicle, including vehicles up to a gross vehicle mass (GVM) of 4.5 tonnes.

•

Be aged 18 years and older.

•

Be admitted to hospital for at least one day for injuries sustained in a crash.

•

Be involved in a crash that occurred in Victoria.

•

Be able to provide informed consent for participation in the study. For drivers unable to provide
informed consent due to the severity of their injuries, informed consent was obtained from the driver’s
next-of-kin.

No restriction was placed on the age of the vehicle(s) involved, nor were any restrictions placed on road type
or road surface of the crash location.
Study exclusion criteria included the following:
•

Within the hospital setting, and for the protection of particular groups, injured drivers were excluded
from the ECIS Case Study if any of the following criteria were met:
o

The ECIS Research Nurse was instructed not to approach the injured driver for the purposes
of enrolment into the ECIS study on medical grounds by the medical and nursing staff
responsible for the driver’s clinical care and/or where the injured driver had displayed
behaviours of concern that could expose the Research Nurse to risk.

o

Injured drivers with an existing and uncontrolled psychiatric illness that would preclude
informed consent being granted.

o

Injured drivers (including family members) with existing or unequal relationships with the
ECIS study team (e.g., known to one another, or friend or relative).

o

Drivers (and next-of-kin) of a Non-English-Speaking Background (NESB) where an
interpreter was not available.

•

Crashes that occurred exclusively on private property.

•

Drivers of stolen vehicles, engaged in police pursuits, or drivers enrolled in a witness protection
program.
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2.1.3

Data collection procedure and data sources

2.1.3.1 Driver information
ECIS Research Nurses collected extensive information from each of the enrolled drivers involved in the study
(Table 2.1). Using a detailed interview questionnaire, drivers were asked to provide an account of the crash as
well as events leading up to and after the crash.
Drivers were asked about their health, their sleeping patterns, use of medication, health and driving history.
In addition, drivers were asked questions concerning their physical and mental health, alcohol use, driver
behaviour, and impulsivity.
On occasions where the next-of-kin provided informed consent, a shorter interview form was used. This was
in recognition of the difficult circumstances for family members and acknowledgement that information may
be less precise than if obtained directly from the driver.

TABLE 2.1

DRIVER-BASED INFORMATION COLLECTED FOR ECIS CASES

DRIVER INFORMATION
As reported by the driver to the ECIS Research Nurse:
•

Events leading up to crash (e.g., trip purpose, length, familiarity with route).

•

Pre-crash behaviours (e.g., inattention, phone use).

•

Crash events and vehicle details, including seat-belt use.

•

Use of medications pre-crash & pre-existing health.

•

Drug and alcohol use.

•

Sleep patterns and sleep quality.

•

Contributing factors to the crash (e.g., passenger influence, other road users, infrastructure, and vehicle failure).

•

Driving and crash history.

Validated survey instruments administered by the ECIS Research Nurse to the injured driver:
•

General health status using the SF-36. 97

•

Mental health status using the Kessler Psychological Distress Scale (K-10). 98

•

Alcohol use using the WHO AUDIT. 99

•

Impulsivity and sensation seeking using three measures (ImpSS, 100 BIS, 101 IC-SS, 102).

•

Driver behaviour preferences, using the Driver Behaviour Questionnaire (DBQ). 103

Injury information obtained by the ECIS Research Nurse:
•

Immediate post-crash patient information through Ambulance report (e.g., conscious state: GCS; transport times).

•

Injuries sustained, with injuries coded as per the Abbreviated Injury Scale 2005 – Update 2008. 104

•

Patient history, diagnosis, medications, and toxicology.

•

Length of stay and discharge destination.

97 Ware J, Snow K, Kosinski M. SF-36 Health Survey: Manual and interpretation guide. Lincoln, RI: Quality Metric Incorporated; 2000.
98 Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E, et al. Screening for Serious Mental Illness in the General
Population. Archives of General Psychiatry. 2003;60(2):184-9.
99 Babor TF, Higgins-Biddle JC, Saunders JB, Monteiro MG. AUDIT: The Alcohol Use Disorders Identification Test: Guidelines for use
in primary health care. Second ed. Geneva: World Health Organisation; 2001.
100 Zuckerman M. Behavioural expressions and biosocial bases of sensation seeking. London: Cambridge University Press; 1994.
101 Patton J, Stanford M, Barratt E. Factor structure of the Barratt impulsiveness scale. Journal of Clinical Psychology. 1995;51:768–74.
102 Shulman EP, Harden KP, Chein JM, Steinberg L. The Development of Impulse Control and Sensation-Seeking in Adolescence:
Independent or Interdependent Processes? Journal of Research on Adolescence. 2016;26(1):37-44.
103 Reason J, Manstead A, Stradling S, Baxter J, Campbell K. Errors and violations on the roads: a real distinction? Ergonomics.
1990;33(10-11):1315-32.
104 Association for the Advancement of Automotive Medicine (AAAM). Abbreviated Injury Scale (AIS) 2005 – Update 2008. Chicago:
AAAM; 2015.
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2.1.3.2 Injury information
The ECIS Research Nurses collected extensive information concerning the injuries sustained by drivers. In
addition to asking drivers about their injuries, the ECIS Research Nurses used medical records - including
diagnostic imaging (i.e., x-ray, CT, and MRI), to capture detailed injury information.
Each verified injury was coded according to the internationally recognised Abbreviated Injury Scale (AIS) 2005
– Update 2008. 105 The AIS system classifies injury severity from minor (1) to maximum (6, currently
untreatable).104 A cut-point of AIS 3 (serious) was used to indicate ‘serious’ injury.
Injuries were also coded using the US National Highway Traffic Safety Administration (NHTSA) National
Automotive Sampling System (NASS) Crashworthiness Data System (CDS). 106 The NASS code was used to
associate each injury with a specific contact point in the vehicle.

2.1.3.3 Vehicle information
ECIS Technical Officers collected detailed information concerning the vehicle being driven by the ECIS Case
driver. A structured data capture form was used.
The information collected, as outlined in Table 2.2, provided the basis for understanding crash dynamics and
vehicle safety performance. Vehicle damage was measured using internationally recognised protocols. This
information was used to determine crash kinematics, calculate crash severity metrics, and provide the basis
for understanding how injuries occurred. Crash severity was defined as impact speed and other energy-based
metrics, including delta-V and kinetic energy. Crash severity metrics were calculated using AI-damage and
crash reconstruction tools (see below).

TABLE 2.2

VEHICLE INFORMATION COLLECTED FOR ECIS CASES

VEHICLE INFORMATION
•

Vehicle specifications, including make, model, safety rating, engine specifications, transmission and other details.

•

Safety features, including airbag fitment and deployment and active safety features.

•

ANCAP star rating information and Used Car Safety Rating information.

•

Full vehicle inspection for damage, cabin intrusion, roadworthiness, crashworthiness.

•

Crash type coding.

•

Damage profile measured, and measures of crash severity (km/h) determined per SAE Collision Deformation
Classification (CDC) Recommended Practice: SAE J224. 107

•

Crash reconstruction, using AI-Damage, 108 HVE, 109 PC-Crash, 110 and Rhinoceros V.5 for scene creation. 111

•

Event Data Recorder (EDR) acquisition using the Bosch Crash Data Retrieval Tool. 112 This data included precrash travel speed, braking, accelerator position, deceleration profile and delta-V.

•

Extensive photography and video.

105 ECIS Research Nurses were trained and certified in the use of AIS 2005 – Update 2008 through the Association for the
Advancement of Automotive Medicine (AAAM). In addition, the ECIS Chief Investigator (Fitzharris) has been trained in the use of AIS
1990-1998 Update and is a part of the European and Australasian Interest Group on Injury Scaling.
106 NHTSA. 2012 NASS CDS Analytical User's Manual. Washington DC: Dept. of Transportation (US), National Highway Traffic Safety
Administration; 2013. https://crashstats.nhtsa.dot.gov/#/PublicationList/109
107 SAE. Collision Deformation Classification - SAE J224 MAR80. Pennsylvania: Society of Automotive Engineers, Inc; 1980.
108 Neades J. AiDamage Theory Manual. Gloucester: Ai Training Services Ltd; 1997.
109 HVE V.12.10. [computer program]. Oregon: Engineering Dynamics Corporation; 2016.
110 PC-Crash V.11.1. [computer program]. Linz: DSD, Dr. Steffan Datentechnik Ges.m.b.H.; 2017.
111 Rhinoceros V.5. [computer program]. Seattle: Robert McNeel & Associates; 2017.
112 Crash Data Retrieval Tool V.17.2. [computer program]. Clayton: Bosch Automotive Service Solutions Inc.; 2017.
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2.1.3.4 Vehicle travel speed and impact speed data
Pre-crash vehicle travel speed and impact speed were key variables of interest. Computer-based crash
reconstruction was used to estimate vehicle travel speed and impact speed. This was validated with information
obtained from the vehicle Event Data Recorder (EDR, ‘black box’) where this was available.
Crash reconstruction was performed using the computer program, HVE. Within HVE vehicle models were
matched to the real-world crash involved vehicle(s). When the exact vehicle was not available, a ‘like’ market
class vehicle was used and matched on vehicle mass. Where ABS was fitted to the crash-involved vehicle(s),
and there was evidence that a driver(s) applied the brakes, the maximum effect of ABS braking was assumed.
Crash scenes were created using Rhinoceros and imported into HVE. This was done to ensure correct road
geometry and scale. Methods to validate each crash reconstruction included assessment of ‘virtual’ vehicle
crush measures generated by HVE, the principal direction or force, and a number of other measures against
the real-world damaged vehicle(s), as well as vehicle rest position(s) post impact.
A description of the EDR collection method and crash reconstruction case processing is provided in Appendix
B. Further information on the crash reconstruction method is available in a peer-reviewed research paper 113
and a MUARC technical report. 114

2.1.3.5 Scene information
ECIS Technical Officers conducted a detailed inspection of the crash scene. A comprehensive data capture form
was used (Table 2.3). This information provided the basis for understanding how each crash occurred and the
role that the environment played in the crash event. The information was also used in the reconstruction of
each crash.

TABLE 2.3

CRASH SCENE INFORMATION COLLECTED FOR ECIS CASES

ENVIRONMENT (SCENE) INFORMATION
•

Measurement of skid marks and assessment of any markings and material relating to the crash.

•

Location, road class, and surrounding land use classification.

•

Measurement of road lane width, geometry and camber.

•

Assessment of road surface, line markings and any pavement markers and delineation.

•

Speed zone, speed signs and advisory signs.

•

Presence and construction of shoulder, including width and surface material.

•

Presence of roadside and median barriers, including type and position.

•

Presence of gutters, channels and unprotected drainage.

•

Presence of roadside objects, including unprotected trees, and utility poles.

•

Presence of bus lanes, tram tracks, railway lines, bicycle lanes, roadside parking and any other feature (e.g.,
bridge; culvert).

•

Extensive photography and video.

•

Satellite (aerial) images acquired via NearMap (https://nearmap.com.au)

•

Crash scene diagrams created using MicroStation. 115

113 Peiris S, Corben B, Nieuwesteeg M, Gabler HC, Morris A, Bowman D, et al. Evaluation of alternative intersection treatments at rural
crossroads using simulation software. Traffic Injury Prevention. 2018;19(sup2):S1-S7.
114 Peiris S, Fitzharris M. Examination of crash reconstruction methods and speed estimation concordance with EDR captured speed
data. Clayton: Monash University Accident Research Centre; 2017.
115 MicroStation. [computer program]. Exton, PA: Bentley Systems, Incorporated; 2015.
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2.1.3.6 Supplementary information
ECIS used a range of supplementary data sources (Table 2.4). The use of multiple information sources enabled
a comprehensive and validated understanding of each crash event to be obtained.

TABLE 2.4

SUPPLEMENTARY DATA SOURCES

INFORMATION SOURCE

INFORMATION GATHERED BY ECIS PROJECT STAFF

Victoria Police Crash Report

•

Crash information, crash causation, alcohol and toxicology.

VicRoads CrashStats Report

•

Crash information, location, vehicles involved.

VicRoads Traffic Counts

•

AADT for road segments (where collected).

VicRoads Map of Declared Roads (GIS)

•

Road classification, State Route number.

TAC Claims

•

Crash information, TAC Portfolio.

Media reports

•

Visual media (photos of vehicles in situ) from the crash scene.

Australian Statistical Geography Standard
(ASGS) 116

•

Used to categorise crash location according to recognised
nomenclature.

2.1.3.7 Identification of crash contributing factors and countermeasures
Using the information collected, factors present at the time, or during the crash were identified. A
determination was made as to whether each factor contributed to the occurrence of the crash or severity of
injury. This was done using the ECIS Contributing Factor Form.
In developing the ECIS Contributing Factor Form, reference was made to the research literature concerning
crash occurrence and injury severity risk factors, data collection protocols of other crash investigation
programs, and coding manuals from crash fatality and police-reported crash datasets.
The Form specified 233 potential contributing factors related to the human (driver), vehicle and environment
(scene) under 23 categories. For example, inattentive driving listed eight specific behaviours, while for ‘driver
error’, 20 specific behaviours were listed. The Form was divided into crash occurrence factors and factors
associated with injury occurrence. Factors for all involved drivers were specified.
As a first step, using all available information the interviewing ECIS Research Nurse and the ECIS Technical
Officer who inspected the crash scene and the vehicle independently assessed the presence of each factor using
the ECIS Contributing Factor Form. For each factor deemed to be present, an assessment was made as to
whether the factor played a role in the crash occurring or in the severity of injuries sustained. The evidence
source for this determination was to be provided with allowance for more detailed comments given. A level of
confidence (high, medium, low) of the role for each specified contributing factor was given.
The second step involved the ECIS Case Team (i.e., Research Nurse and Technical Officer) discussing and
arriving at a preliminary assessment of contributing factors. This preliminary assessment was presented to the
broader ECIS Investigation Team as part of the ECIS Case Review process. This resulted in an agreed
determination of contributing factors for each crash.
As a final step, a separate process was undertaken by the ECIS Investigators as part of the Safe Systems Failure
Analysis. Using the agreed ECIS Investigation Team assessment of contributing factors as a starting point,
each crash was examined in detail using all available information. This process incorporated vehicle pre-crash
travel speed and impact speed estimates derived from the crash reconstruction for each crash. In this process,
the applicability of specific countermeasures was determined.
A detailed examination of factors associated with crash occurrence and injury severity is presented in Chapter
6 and Chapter 7 of this Report respectively.

116 Australian Bureau of Statistics (ABS). 270.0.55.001 - Australian Statistical Geography Standard (ASGS): Volume 1 - Main Structure
and Greater Capital City Statistical Areas, July 2016. Australian Statistical Geography Standard (ASGS). Canberra: ABS; 2016.
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2.2

ECIS CONTROL STUDY

2.2.1

Purpose of the ECIS Control Study

The ECIS program set out to identify the factors associated with crashes. To do this requires an understanding
of differences between drivers who experience a crash and those who do not. An efficient way to do this is to
study drivers who drove through a known crash location but who did not crash. In research, this is known as a
‘case-control’ design. 117 By collecting information about drivers passing through locations where a crash had
previously occurred, statistical comparisons on key risk factors can be made.
While the principal interest of the ECIS Control Study was the association between travel speed and crash
involvement, documenting the relationship, if any, between other factors such as driver experience and healthrelated factors with crash involvement was also of interest.

2.2.2

ECIS Control Study method

Entry into the ECIS Control Study commenced with the ECIS Control Officer covertly measuring the free travel
speed (i.e., unimpeded speed) of vehicles at the same location where a crash had occurred and the injured
driver was enrolled into the ECIS Case Study.
Vehicles were observed within a 30-minute window either side of the crash time on the same day of the week
as the ECIS crash of interest, but some weeks later (Figure 2.2). 118 The intention was to replicate the traffic
and weather conditions at the time of the ECIS crash. Vehicle travel speed was measured using a LaserCam4
(Kustom Signals, Lenexa, KS, USA). Traffic count data was also collected.

FIGURE 2.2

PROCESS FOR ECIS CONTROL ARM DATA COLLECTION

After data processing by the ECIS Technical Officer, information packs and a questionnaire was prepared for
each eligible driver by ECIS personnel. These packs were sent to the TAC which then forwarded the pack
directly to the registered owner of the vehicle on behalf of Monash University. Drivers returned the
questionnaire directly to Monash University using an addressed envelope provided. The TAC was not informed
as to which drivers returned the questionnaire, nor the measured speed of the vehicle. This process ensured
compliance with all relevant privacy laws and Human Research Ethics obligations.
A more detailed description of the vehicle observation and questionnaire distribution process is provided in
Appendix C. It is noted here that five crash locations were used to pilot the measurement process and data
collection method.

117 Rothman KJ. Epidemiology. New York: Oxford University Press; 2002.
118 ‘Free speed’ was defined as the speed that a driver chooses to travel and not one that is influenced by other vehicles on the road.
Vehicles were not measured if they were in a group of cars or following another car, however the first car in a group could be measured
as it was assumed that its speed was the free speed chosen by the driver. Definition from: Harrison WA, Fitzgerald ES, Pronk NJ, Fildes
B. Investigation of characteristics associated with driving speed. Clayton: Monash University Accident Research Centre; 1998.
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2.2.3

ECIS Control Study sites and participation

A total of 228 crash sites from the ECIS Case Study were selected for the ECIS Control Study. These were
selected on the basis of road geometry, particularly with respect to being able to record vehicles unobtrusively
and safely. Crashes that occurred in remote locations and at night were generally excluded.
At these 228 sites the travel speeds of 9,278 vehicles were observed and assessed for ‘free speed’. With a ratio
of 3 ‘control’ vehicles for each vehicle involved in the ECIS crash being required, 4,636 questionnaire packs
were prepared and sent to the TAC for distribution to the registered owner of the vehicle. Vehicles exhibiting
‘free speed’ were selected on the basis of being closest to the known crash time.
Following data matching processes by the TAC, 4,629 questionnaires were sent to the registered owner of the
vehicle. Where the registered owner was not driving the vehicle at the time of observation, they were asked to
pass the questionnaire to the driver.
Of the 4,629 questionnaires sent, 1,536 questionnaires were returned to the ECIS research team; this equates
to a response rate of 33.2%.
The questionnaire asked drivers to respond in relation to the specific trip where the driver’s speed was
measured. To enhance recollection of the trip and the specific location, a photograph of the location where
their vehicle was observed was included. Drivers were given the date and time that their vehicle was observed
but were not informed of their travel speed.
As a way to make the observed trip stand out from other trips the driver might have taken on the same road
segment, the ECIS Control Officer placed a retro-reflective sign (60 cm x 60 cm) down-stream from the speed
measurement point. The sign advised drivers that they had passed through a Monash University study site.
The questionnaire collected information on driver demographics, driver experience and licensing, trip
purpose, activities and behaviour during the trip, and health-related questions. The questionnaire included the
same questionnaires administered to the ECIS Case Study drivers (see Table 2.1).
The information provided by ECIS Control drivers, along with the measured travel speed, was used to
statistically assess the association of each factor with crash-involvement (see Chapter 6, also ECIS Report 2
and ECIS Report 3).

2.3

ETHICS APPROVAL AND DATA ACCESS APPROVALS

The conduct of the ECIS Case Study was approved by the research ethics committees of The Alfred Hospital
Research Ethics Committee (HREC, Project: 249-14), The Royal Melbourne Hospital HREC (HREC, Project:
249-14), and the Monash University HREC (CF14/2329-2014001254). Approvals to access and use all data
sources were obtained.
The conduct of the ECIS Control study was approved by the Monash University HREC (CF14/19302014000983).
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2.4

PRESENTATION OF RESULTS AND STATISTICAL ANALYSIS

The study findings are presented across eight chapters with additional data presented in Appendix A, B, C, E,
F, and G.
Summary and descriptive data is presented. A mix of non-parametric 119 and parametric tests were used as
appropriate to assess differences in factors of interest across crash types and injury severity outcomes.
Comparisons were made across factors of interest using a test of proportions (for TAC claim population
comparisons), a chi-square test for counts and percentages across categories, a median test, a t-test and/or a
one-way ANOVA with post hoc comparisons made using a Bonferroni correction as required. 120 121
In using the chi-square test, attention was paid to the number of observations in categories and tests were not
performed where the cell count was less than 5.
To assess the association between driver error and the presence of latent infrastructure risk, a Mantel-Haenszel
test 122 was performed with the odds ratio (OR) and the risk ratio (RR) reported (Chapter 6), as were the test pvalue and 95% confidence interval values.
Taking advantage of the case-control study design, the association between travel speed and crash risk was
assessed using conditional (fixed effects) logistic regression (Chapter 6).123 124 Results were expressed as an
odds ratio (OR) with the p-value and 95% confidence interval values being reported.
Logistic regression was used to assess the association between impact speed and injury severity. The outcome
variable was whether a driver sustained an MAIS 3+ injury. MAIS 3+ probability values by impact speed were
derived. 123 124 The presence of a statistical interaction between impact direction and impact speed was assessed
and was not found; hence, for ease and to assess for the influence and/or confounding of other factors a
separate statistical model for frontal impact crashes and side impact crashes were used. Fractional polynomials
were used to assess the optimal representation of impact speed and use as a linear term in the statistical model
was seen to be appropriate. Results were expressed as an odds ratio (OR) with the p-value and 95% confidence
interval values also reported.
Statistical significance was set at p≤0.05.
Analysis was performed in SPSS v.26 125 and Stata v.16. 126 BioVinci was used for the analysis and presentation
of data using proportional Venn diagrams (Chapter 8). 127

119 Siegel S, Castellan NJ. Nonparametric Statistics for the Behavioural Sciences. New York ( NY ): McGraw‐Hill; 1988.
120 Mitchell MN. Stata for the Behavioral Sciences. College Station, TX: StataCorp LP; 2015.
121 Keppel G, Wickens T D. Design and analysis: A researcher’s handbook. New Jersey: Pearson Prentice Hall; 2004.
122 Rothman KJ. Epidemiology. New York: Oxford University Press; 2002.
123 Vittinghoff E, Glidden DV, Shiboski SC, McCulloch CE. Regression Methods in Biostatistics: Linear, Logistic, Survival and Repeated
Measures Models. New York, NY: Springer; 2005.
124 Hosmer DW, Lemeshow S. Applied Logistic Regression. 2nd ed. New York, NY: John Wiley & Sons; 1999
125 IBM. SPSS Statistics, v.25 [computer program]. IBM Corp. IBM SPSS Statistics for Windows, Version 25.0.[computer program]
Armonk, NY: IBM Corp; 2017.
126 StataCorp. Stata MP Version 15 [computer program]. College Station, TX: StataCorp; 2017.
127 BioTuring. BioVinci 2.0 [computer program]. San Diego, CA: BioTuring; 2020.
ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 25

ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 26

3

OVERVIEW OF THE ECIS DRIVER SAMPLE AND TAC CLAIMS

This chapter reports on the number of injured drivers enrolled into the ECIS program, their injuries and the
estimated financial cost to the TAC for the provision of acute care and on-going assistance. Data is also
presented on the number of crashes and road users involved. By presenting these findings in line with TAC’s
operating model, the implications for TAC with respect to road safety can be better understood.

3.1

ECIS IN THE CONTEXT OF TAC’S ROLE IN SUPPORTING INJURED ROAD USERS

All road users injured in motor vehicle crashes in Victoria, regardless of fault, are entitled to lodge a claim to
the TAC for coverage of medical expenses, for the recompense of lost earnings, and to access a range of other
benefits designed to enable recovery and facilitate independent living.
As a way of tailoring support for injured road users, the TAC has three client divisions: Rapid Recovery;
Supported Recovery, and Independence. These three divisions act to facilitate rehabilitation services, care and
support throughout the post-crash recovery journey based on individual need and circumstance.
The role of the three TAC client divisions can be summarised as follows:
•

Rapid Recovery: representing the largest client group within the TAC, claimants in this division
require limited assistance to get their lives back on track post-crash as physical injuries tend to be of
minor severity. If transported to hospital, people in this group either receive treatment within a
hospital emergency department or have been admitted to hospital for a short duration.

•

Supported Recovery: these injured road users have complex rehabilitation needs, including physical
injuries but often co-occurring mental health concerns and persistent pain. Return-to-work and
return-to-everyday activities is a key rehabilitation outcome for this group. Injuries to multiple body
regions are common for people in this group.

•

Independence: Representing the smallest group in percentage terms for the TAC, spinal cord injury
and traumatic brain injury are sentinel injuries. People in this group require long-term or life-time
care.

Simplistically, the allocation of individual claimants to the TAC claim divisions is based on the extent of postcrash rehabilitation support required and need for medium-to-long-term or lifetime care. In the main this need
is a product of the type and severity of injuries sustained. Other person-based and health-related factors,
including mental health, can also play a role in determining the division to which a TAC client is allocated.
In the following sections, the ECIS data is presented in accordance with these three TAC client divisions. This
is done so as to contextualise crash and injury risk factors within the TAC operating model.

3.2

ECIS CRASHES AND TAC CLAIMS

3.2.1

ECIS drivers and other involved road users

The ECIS program enrolled 400 hospitalised drivers. With both crash-involved drivers enrolled to the ECIS
program for 7 crashes, 393 unique crashes were examined. This included 149 single-vehicle crashes and 251
multi-vehicle crashes. In total 923 persons were involved in these crashes (Table 3.1).

TABLE 3.1

NUMBER OF ECIS DRIVERS AND INVOLVED ROAD USERS

ROAD USER TYPE

SINGLE VEHICLE CRASH

MULTI-VEHICLE CRASH

ALL

Drivers enrolled to ECIS

149

78.0%

251

34.3%

400

43.3%

Other driver

4*

2.1%

319

43.6%

323

35.0%

Passengers

38

19.9%

157

21.4%

195

21.1%

Motorcyclists

N/A

N/A

2

0.3%

2

0.2%

Cyclists

N/A

N/A

1

0.1%

1

0.1%

Pedestrians

N/A

N/A

2

0.3%

2

0.2%

Total

191

100%

732

100%

923

100%

* Vehicles were parked at time of crash (coded as single vehicle into parked vehicle).
Note: 1 additional vehicle was noted in the Road Crash Information System (RCIS) data for a single vehicle crash, however no evidence
of involvement was apparent in the ECIS investigation; vehicle listed as ‘unknown vehicle’ with no driver details in RCIS.
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With the ECIS program being conducted at Victoria’s two Adult Trauma Centres (The Alfred Hospital, The
Royal Melbourne Hospital), the severity of driver injuries was high. This is exemplified by the high number of
involved road users being treated in hospital (548) and by 17 people being killed in 16 crashes.
Of the 17 people that died, two were ECIS (hospitalised) drivers; 9 were ‘other vehicle’ drivers (2 died in
hospital), while 4 passengers, 1 motorcyclist, and 1 pedestrian also died.
In addition to all 400 ECIS drivers being admitted to hospital for the treatment of their injuries, a further 148
persons were hospitalised (drivers: 61; passengers: 84; motorcyclist: 1; cyclist: 1; pedestrian: 1).
The high severity nature of these crashes is further demonstrated in the following sections using objective
injury severity metrics and by reporting the estimated financial cost of providing care for those involved.

3.2.2

TAC claims for persons involved in ECIS crashes and of hospitalised drivers injured in passenger
vehicle crashes in Victoria

3.2.2.1 Number of involved road users in ECIS crashes by TAC claim lodgement
Of the 400 drivers who were enrolled into the ECIS program, 379 had lodged a TAC claim. 128 In addition, 226
vehicle occupants and road users involved in the ECIS crash were identified as having lodged a TAC claim
(Table 3.2). In total, 923 people were involved in the 393 ECIS crashes.
Approximately half (52.5%) of the ECIS drivers that lodged a TAC claim were managed through the Rapid
Recovery claim division, 43.5% were managed by the Supported Recovery division, and 4.0% were managed
by the Independence division. That half of the ECIS enrolled drivers were managed by Supported Recovery
division and the Independence division highlights the high severity nature of these crashes. The TAC claim
division responsible for the management of the 226 other road users injured in these crashes is also shown.

TABLE 3.2
TAC CLAIM
DIVISION
TAC claim
lodged

TAC CLAIM DIVISION OF ECIS DRIVERS AND INVOLVED ROAD USERS
ECIS DRIVERS

OTHER ROAD USERS

ALL ROAD USERS INVOLVED IN
ECIS CRASHES

379

94.7%

100%

226

43.1%

100%

605

65.6%

100%

Rapid
Recovery

199

49.8%

52.5%

183

34.9%

81.0%

382

41.4%

63.1%

Supported
Recovery

165

41.2%

43.5%

39

7.5%

17.2%

204

22.1%

33.7%

Independence

15

3.7%

4.0%

4

0.8%

1.8%

19

2.1%

3.1%

No claim
identified 129

21

5.3%

*

297

56.8%

*

318

34.4%

*

Total

400

100%

*

523

100%

*

923

100%

*

128 Probabilistic data linkage ensures privacy and confidentiality is maintained with no ECIS data shared with the TAC. The TAC
permitted the use of the claims data for this purpose using established protocols and approvals including the absence of personal
identifiers. Probabilistic data linkage uses multiple variables to match two (or more) de-identified datasets.
129 For the purposes of reporting, 2 drivers for which no TAC claim was identified were allocated to the Independence division, 7 to the
Supported Recovery division and 12 to the Rapid Recovery division. This was based on each driver’s injury profile (including head injury
severity), length of stay, discharge destination (home, rehabilitation), age, knowledge of other health conditions, and involvement in a
fatality crash. For financial cost analysis (Section 3.5), the mean cost at each AIS severity was used to impute costs for these 21 drivers
unless head injury status was known.
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3.2.2.2 ECIS drivers as a ‘sample’ of TAC claims
The ECIS program was designed to collect and analyse information on a sample of crashes from which insights
could be generated on how to prevent serious injuries in future crashes. Understanding the crash severity of
the ECIS sample is therefore important.
In the same time period that the ECIS program was recruiting injured drivers (August 2014 – December 2016),
6,654 hospitalised drivers lodged a TAC claim. The 400 drivers151 enrolled to the ECIS program therefore
equates to 6.0% of all hospitalised driver claimants.
A significantly higher proportion of the ECIS driver sample were managed through the Independence (4.3%)
and Supported Recovery (43.0%) claims divisions than was the case for the population of hospitalised driver
claimants (Independence: 1.7%; Supported Recovery: 17.9%) (Figure 3.1) (p ≤ 0.05).
There were significantly fewer ECIS drivers having their claim managed by the Rapid Recovery division
(52.8%) than the population of hospitalised driver claimants (80.4%) (p ≤ 0.05).

FIGURE 3.1

TAC CLAIMS PORTFOLIO FOR HOSPITALISED DRIVERS IN VICTORIA AND ECIS ENROLLED
DRIVERS

ECIS drivers represent 2.7% of TAC claimants managed by Rapid Recovery, 5.5% of those managed by
Supported Recovery, and 15.5% of those managed by the Independence division.
That a disproportionate number of ECIS drivers had their TAC claim managed by Supported Recovery and the
Independence division indicates that the ECIS sample is more heavily focussed on drivers with serious injuries
that necessitated greater post-crash care and longer-term support than the overall crash-involved driver
cohort. This ‘bias’ will be important to consider when interpreting the findings of the ECIS program.
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3.3

DEMOGRAPHIC PROFILE OF ECIS DRIVERS AND TAC DRIVER CLAIMANTS

The ECIS driver sample consisted of more males (55.8%, n = 223) than females (44.2%, n = 177) (Figure 3,2).
In contrast, of the total population of hospitalised drivers that lodged a TAC claim, 48.9% were male and 51.1%
were female (p ≤ 0.05).
While the age range of drivers was similar (ECIS: 18-93 years; Hospitalised: 18-99 years), ECIS drivers were,
on average, older (Mean = 49.4, SD = 20.8; Median = 48.5) than the hospitalised driver population (Mean =
45.2, SD = 20.3; Median = 42.0) (p ≤ 0.05).
The age distribution also differed (p ≤ 0.05), with for example, 35.3% of ECIS drivers being 60 years of age
and older compared to 26.4% of all hospitalised driver claimants in Victoria (Figure 3.2). While the proportion
of drivers aged between 40 – 59 years of age was the same (All: 26.9%; ECIS: 26.8%), 38.1% of ECIS enrolled
drivers were aged 18 – 39 years compared to 46.6% of the hospitalised driver claimant population.
HOSPITALISED DRIVERS IN VICTORIA (TAC CLAIMANTS)

FIGURE 3.2

ECIS DRIVERS

SEX AND AGE DISTRIBUTION OF ECIS DRIVERS AND HOSPITALISED DRIVER TAC CLAIMANTS
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3.4

INJURY SEVERITY OF ECIS DRIVERS AND TAC DRIVER CLAIMANTS

3.4.1

Defining ‘serious’ injury: Introduction to measures of injury severity and the assessment of post-crash
outcomes

With the objective of providing the TAC with insight into how serious injuries on Victorian roads can be
eliminated, defining what is meant by ‘serious injury’ is of paramount importance. 130
Defining ‘serious injury’ is complex. A vast array of injury severity measures, outcome assessment measures
and metrics exist that are designed to capture the impact of injury on health (see Appendix D 131). Specialist
training is required for all but the simplest resource measures. With each measure reflecting a different aspect
of the trauma-injury-rehabilitation-outcome chain, the choice of measure depends on its setting (hospitalbased, rehabilitation, research, policy) and its intended end-use (e.g., assessment of individuals, quality of care
assessment, monitoring trends).
The AIS is commonly used in road safety research. Having been established in 1971 by the Association for the
Advancement of Automotive Medicine (AAAM), 132 the AIS has continued to evolve 133 and is widely used in
injury epidemiology, the evaluation of trauma systems, in the study of health outcomes post-crash, and in
monitoring road trauma trends. The AIS score has a strong correlation with mortality and has also been shown
to be associated with impairment following injury sustained in motor vehicle crashes. The AIS is also widely
used within the field of impact biomechanics and forms the basis of Injury Risk (IR) assessment curves used
when rating the safety of vehicles. 134
Given this, the ECIS program adopted the use of the AIS to code the type and severity of injuries sustained by
drivers. The advantage of this is that the ECIS data can be presented in a manner consistent with international
standards. The following section provides further rationale for using the AIS.

3.4.2

Defining ‘serious’ injury: The AIS system and defining severity categories for reporting ECIS findings

3.4.2.1 Overview of the AIS system and rationale for use
The Abbreviated Injury Scale, or AIS as it is commonly known, is an anatomically-based injury classification
system that assigns a severity value to every potential physical injury that could be experienced. The AIS is
complex and requires extensive training and certification for its use. 135 Medical records (including imaging)
are used as the basis for injury verification.
The AIS Coding Manual, or Dictionary, is divided into nine chapters, each applicable to a specific body region
(i.e., head, face, neck, thorax, abdomen and pelvis, spine, upper extremity, lower extremity, external and other
– includes burns). Injuries are described in text format with a corresponding 6-digit Unique Numerical
Identifier (UNI) known colloquially as the ‘pre-dot code’. The key to the severity rating is the ‘post-dot code’
which ranges from 1 (minor) to 6 (maximal, theoretically currently untreatable). It is this ‘post-dot’ code that
is referred to when describing injury severity (Table 3.3).
Further to the current uses of the AIS described above, the rationale for adopting the AIS in reporting the
findings of the ECIS program is as follows:
1.

The AIS system can be used to underpin countermeasure identification and road safety strategy
monitoring.
The use of the AIS coding system as a way of defining injury severity categories enables crashes to be
classified in an objective manner and one that is linked to health outcomes post-crash. By classifying
injuries (and crashes) in this way, a better understanding of the relative importance of specific risk
factors can be achieved. This insight can then be used to identify appropriately focussed

130 Victorian Government. Inquiry into Serious Injury. Melbourne: Parliament of Victoria; 2014. Available at:
https://www.parliament.vic.gov.au/355-rsc/inquiry-into-serious-injury
131 This list is not exhaustive, with the examples provided to demonstrate the scope of available measures across different domains. See
for example: McDowell I, Newell C. Measuring health: A guide to rating scales and questionnaires (2nd ed.). Oxford University Press;
1996. Also: Bersten AD, Handy JM editors. Oh's intensive care manual, Eighth edition. Oxford: Elsevier; 2019.
132 Association for the Advancement of Automotive Medicine (AAAM). Abbreviated Injury Scale (AIS) 2005 – Update 2008. Chicago:
AAAM; 2015.
133 The AIS system has expanded over time. As well as additional injury descriptors being added – and some deleted (e.g., ‘concussive
injuries’), the ‘post-dot’ severity code has changed for some injuries across AIS editions. For this reason, it is not possible to combine
datasets, nor unambiguously compare research outcomes or epidemiologic trends that are coded with different AIS editions.
134 Nahum AM, Melvin JW. (Eds.). Accidental Injury: Biomechanics and Prevention. New York: Springer-Verlag; 2002.
135 ECIS Research Nurses were trained and certified in the use of AIS 2005 – Update 2008 through the Association for the
Advancement of Automotive Medicine (AAAM). In addition, the ECIS Chief Investigator (Fitzharris) has been trained in the use of AIS
1990-1998 Update and is a part of the European and Australasian Interest Group on Injury Scaling.
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countermeasures. 136 In addition, use of the AIS system permits monitoring of road safety
countermeasures.
This last point is especially important given the emphasis in recent road safety strategies in Victoria,
in Europe and elsewhere in reducing the incidence of serious injury road crashes. The importance of
the AIS system is exemplified by the European Union using the AIS system as the basis of road safety
strategy target setting and monitoring serious injury trends, with serious injury being defined as a road
user sustaining any injury with a severity grading as 3 or higher. 137 138
2. The AIS system is the primary outcome measure of the Vision Zero Model of Safe Travel
Using the Vision Zero (Multi-dimensional) Model) of Safe Travel, operationalised through the SRA
Model of a Safe Road Transport System (see Chapter 1, Introduction; Chapter 8), the road transport
system is considered to be inherently safe when the Safe Driver, Safe Vehicle 139, and Safe Roads
criteria are met, at which point the model hypothesises that no crash-involved driver or occupant will
sustain a ‘serious injury’. Here, serious injury is defined as an AIS 3 or higher severity injury.
With AIS being central to the assessment of safety performance of the road transport system 140, its use
in the ECIS program enables this assessment to be undertaken in Victoria.
For the reasons described above the AIS system is used as the basis for reporting the findings of the ECIS
program.

3.4.2.2 Application of the AIS system and derivation of the Maximum Abbreviated Injury Score (MAIS)
Deriving AIS severity scores
To further understand the AIS system, Table 3.3 presents example injuries for each AIS severity score from
AIS 1 (minor) to AIS 6 (maximal). The AIS injury severity scoring system is an ordinal scale with higher AIS
(post-dot) severity scores indicating more severe injuries, noting that the change in severity from one level to
the next is not linear. 141 Injuries are scored according to established rules with the severity rating indicating
“the relative severity of injury in an average patient who sustains the coded injury as their only injury”.141 (p.14) 142
The severity rating of each injury was determined through a process of consensus led by the International
Injury Scaling Committee (IISC) under the auspices of the AAAM. Those involved included the Orthopaedic
Trauma Association, the American College of Surgeons, the American Association of Neurological Surgeons,
the American Association for the Surgery of Trauma, and the US NHTSA, among others.
While the AIS score has been shown to have a very high correlation with survival and mortality,141 the AIS score
is not designed solely to be a threat-to-life scale. Rather, the severity level assigned to each injury reflects
energy absorption / dissipation and tissue damage, resource requirements for treatment (e.g., ICU admission,
length of stay, treatment cost and complexity), the extent and type of temporary and permanent disability, and
permanent impairment, as well as the known threat-to-life the injury represents.141
That these broader factors underpin the AIS injury severity rating is especially important when considering
the role of the TAC in managing the health and recovery of injured road users post-crash. By presenting the
ECIS program findings across AIS severity categories, a more direct link between injury risk factors, safety
countermeasures and TAC operations can be made.

136 Tingvall C, Ifver J, Krafft M, Kullgren A, Lie A, Rizzi M, et al. The consequences of adopting a MAIS 3 injury target for road safety in
the EU: A comparison with targets based on fatalities and long‐term consequences. International Research Council on the Biomechanics
of Injury (IRCOBI); Gothenburg, Sweden; 2013.
137 European Commission. Commission Staff Working Document: On the Implementation of Objective 6 of the European Commission’s
Policy Orientations on Road Safety 2011-2020 – First Milestone Towards an Injury Strategy. Brussels: EC; 2013. Available at:
https://goo.gl/gCw1zk
138 Aarts LT, Commandeur JJF, Welsh R, Niesen S, Lerner M, Thomas T et al. Study on Serious Road Traffic Injuries in the EU.
Brussels: European Commission; 2016. Available at:
https://ec.europa.eu/transport/road_safety/sites/roadsafety/files/injuries_study_2016.pdf
139 Of note is that the injury criterion of crash test 'dummies’ (ATD’s) relates to the risk of an AIS 3 injury (see Chapter 7, Section 7.4.2
for examination of this issue).
140 In vehicle safety testing, vehicle safety regulations are principally based on the risk of AIS 3+ injuries, as measured through force
and acceleration measures experienced by anthropometric crash test devices (i.e., crash test dummies).
141 Association for the Advancement of Automotive Medicine (AAAM). Abbreviated Injury Scale (AIS) 2005 – Update 2008. Chicago:
AAAM; 2015.
142 In addition to the rules and guidelines specified in the AIS Dictionary and the Course Book (see above), the AAAM periodically
issues AIS Clarification Documents to address specific issues of interpretation in relation to injury coding and anatomical structures.
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TABLE 3.3

AIS INJURY SEVERITY SCORES AND EXAMPLE INJURIES

AIS SEVERITY
(‘POST-DOT
CODE)

INJURY
DESCRIPTOR

EXAMPLE INJURY

AIS 1

Minor

Contusion, Abrasion; Laceration; Dislocation of joints of ankle.

AIS 2

Moderate

Skull fracture (simple); Brief loss of consciousness (< 60 minutes); Fracture of ankle;
Fracture of bones of hand / arm; Fracture tibia (simple).

AIS 3

Serious

Loss of consciousness 1-6 hours; Cerebrum subdural haematoma (tiny); Penetrating
injury of face with blood loss >20% by volume; Pulmonary artery laceration (minor,
incomplete); Kidney laceration (> 1 cm depth, OIS III 143); Spine (cervical, thoracic,
lumbar): cord contusion with transient neurological signs, with fracture; Fracture of shaft
of femur.

AIS 4

Severe

Skull fracture (complex); Multiple (>5) rib fractures fractured in two places (flail); Rupture
of abdominal artery; Kidney laceration; Pelvic fracture < 20% blood loss.

AIS 5

Critical

Diffuse axonal (brain) injury with loss of consciousness (>24 hours); Laceration of carotid
artery; Bilateral lung injury; Laceration of spinal cord (complete, incomplete); Bilateral
amputation of lower extremity.

AIS 6

Maximal

Laceration of brain stem (C3 or higher, complete cord syndrome); Bilateral laceration of
carotid artery; Complete rupture of aorta; Hepatic avulsion; 2° or 3° burns ≥ 90% body.

Defining the Maximum AIS severity score (MAIS) metric
When describing the level of injury sustained by an individual it is convention to use the highest AIS severity
score coded to the body; this is known as the Maximum Abbreviated Injury Scale score (MAIS).
That is, the MAIS is the AIS severity score of the most severe injury that an injured person sustains. Taking all
crash-involved road users into account, the MAIS can also be used to describe the severity of a specific crash.
Defining the MAIS categories for reporting ECIS data
Three MAIS severity categories were used in reporting the findings of the ECIS program (Table 3.4). The
definition of serious injury adopted in the ECIS program was AIS 3 or higher for individual injuries and
MAIS 3+ for the individual road user and for crashes.
A distinction was made between individuals sustaining AIS 1 (MAIS 1) or AIS 2 (MAIS 2) injuries. This reflects
the TAC’s broader interest in the management of injured road users post-crash, and the impact of one or more
AIS 2 injuries on key recovery outcome indicators, such as return-to-work for example. 144

TABLE 3.4

AIS INJURY SEVERITY SCORES AND MAIS CATEGORIES

AIS SEVERITY (‘POST-DOT CODE)

INJURY DESCRIPTOR

MAIS CATEGORY

AIS 1

Minor

MAIS 1

AIS 2

Moderate

MAIS 2

AIS 3

Serious

AIS 4

Severe

AIS 5

Critical

AIS 6

Maximal

MAIS 3+ (adopted definition of serious
injury)

Included in the MAIS 1 category for the purposes of reporting were drivers admitted to hospital that consented
to being involved in the ECIS program but did not have a coded AIS injury. This scenario can arise due to the
strict AIS coding rules that define what constitutes an injury and the evidence for its occurrence; for instance,
preliminary diagnoses are not code-able as injuries.
143 OIS III is the Organ Injury Scale, Grade III. See: Moore EE, Shackford SR, Pachter HL, McAninch JW, Browner BD, Champion HR
et al. Organ injury scaling: spleen, liver, and kidney. Journal of Trauma. 1989;29(12):1664-6.
144 Fitzharris M, Bowman D, Ludlow K. Factors associated with return‐to‐work and health outcomes among survivors of road crashes in
Victoria. Australian and New Zealand Journal of Public Health.2010;34:153-159.
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It is also the case that a person may not meet the threshold for an AIS coded injury in the following
circumstances: a person that was transported to hospital due to an adverse physiological sign (e.g., increased
blood pressure; a person with a suspected injury; a person with a pre-existing health state (e.g., acute
cerebrovascular attack, myocardial infarction, pregnancy) that warrants a conservative treatment approach; a
patient with any other complication, and any person meeting the Ambulance Trauma Triage protocol 145 146 as
it relates to vehicle damage and occupant age that necessitates a conservative treatment approach, and hence,
transportation to hospital.
In total, 11 (2.8%) ECIS drivers did not meet the required criteria of an AIS coded injury. Of note, 9 of the 11
had lodged a TAC claim. For the purposes of reporting, all 11 drivers were included in the MAIS 1 severity
category.

3.4.3

Injury severity

3.4.3.1 Comparison of the injury severity of ECIS drivers and hospitalised driver claimants
The injury severity distribution of the ECIS driver sample and for hospitalised driver TAC claimants is shown
in Figure 3.3. 147
A higher proportion of ECIS drivers sustained MAIS 3+ injuries (47.0%) than the population of hospitalised
driver claimants (18.2%) (p ≤ 0.05). With the proportion of drivers that sustained injuries at the MAIS 2
severity level being similar (ECIS: 32.0%; All: 34.8%), there were significantly fewer drivers injured at the
MAIS 1 severity level in the ECIS sample (21.0%) than among the population of hospitalised driver claimants
(47.0%).
The crashes experienced by the ECIS driver sample were, as a group, more severe than the overall injured
driver population. While this is to be expected given the study design, it remains important to be cognisant of
this when extrapolating the findings to all passenger vehicle crashes.
HOSPITALISED DRIVERS IN VICTORIA (TAC CLAIMANTS)

FIGURE 3.3

ECIS DRIVERS

INJURY DISTRIBUTION OF ECIS DRIVERS AND HOSPITALISED DRIVER TAC CLAIMANTS

145 Fitzharris M, Stevenson M, Middleton P, Sinclair G. Adherence with the pre-hospital protocol in the transport of injured patients in
an urban setting. Injury. 2012;43(9):1368-1376.
146 Department of Health. Pre-hospital triage guideline, Version 1: 25/09/2014. Melbourne: Victorian Government; 2014. Available at:
https://www2.health.vic.gov.au/Api/downloadmedia/%7BEE57DC4D-7AC1-4BDE-B048-460A235EC622%7D
147 The AIS severity score for the TAC Linked Dataset was derived using ICD-PIC though STATA. Reference: Clark DE, Osler TM, Hahn
DR. ICDPIC: Stata module to provide methods for translating International Classification of Diseases (Ninth Revision) diagnosis codes
into standard injury categories and/or scores. Statistical Software Components S457028. [computer program]. Boston College
Department of Economics; 2009, revised 29 Oct 2010.
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3.4.3.2 Injury profile of ECIS drivers
Data on the pattern and severity of injuries within each body region 148 is used to (i) describe the injury profile
of crash-involved drivers and (ii) to focus attention on countermeasures that can improve the safety of vehicle
occupants. Figure 3.4 presents the percent of drivers injured at the MAIS 1, MAIS 2 and MAIS 3+ severity level
for the ‘whole body’ and for each body region. In interpreting the body region injury data, note that not all
drivers sustained an injury to each body region. However, a single driver can sustain an injury to more than
one body region.
As described above (Figure 3.3) and presented as ‘whole body’ in Figure 3.4, 21% of ECIS drivers sustained an
MAIS 1 injury, 32% sustained injuries at the MAIS 2 severity level and 47% sustained injuries at the MAIS 3+
severity level.
To aid in the interpretation of Figure 3.4, the example of injuries to the head is given. Of the 400 drivers
enrolled to ECIS, 14.5% sustained an MAIS 1 injury, 6.8% sustained an MAIS 2 level injury, and 6.8% sustained
an MAIS 3+ level injury; hence 28% of drivers sustained an injury of the head and 71.9% did not.
Injuries to the chest (62.9% of drivers), lower extremity (62.1%) and upper extremity (56.1%) 149 were most
frequent, followed by the face (41.1%), the abdomen-pelvis (34.8%), the spine (31.4%), and the head and neck
(28.1%).
With respect to MAIS 3+ severity injuries, the chest (27.8% of drivers; 44.2% of chest injuries) and lower
extremity (15.8% of drivers; 25.4% of lower extremity injuries) were most at risk. Of the drivers that sustained
an injury to the head (28.1%), 24% sustained an MAIS 3+ severity injury. These findings are particularly
notable given the significant long-term sequelae associated with these injuries. 150 151 152 153

FIGURE 3.4

MAIS INJURY DISTRIBUTION OF ECIS DRIVERS

148 Not all drivers sustained an injury to each body region. A driver can sustain injuries across multiple body regions.
149 There is no AIS 4, AIS 5 or AIS 6 upper extremity injury.
150 Fleminger S, Ponsford J. Long term outcome after traumatic brain injury. British Medical Journal. 2005;331(7530):1419-1420.
151 Baker E, Xyrichis A, Norton C, Hopkins P, Lee G. The long-term outcomes and health-related quality of life of patients following
blunt thoracic injury: a narrative literature review. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine.
2018;26(1):67.
152 Fitzharris M, Bowman D, Ludlow K. Factors associated with return-to-work and health outcomes among survivors of road crashes in
Victoria. Australian and New Zealand Journal of Public Health. 2010;34(2):153-9.
153 Fitzharris M, Fildes B, Charlton J, Kossmann T. General Health Status and Functional Disability Following Injury in Traffic Crashes.
Traffic Injury Prevention. 2007;8(3):309-20.
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3.5

FINANCIAL IMPACT OF CRASHES TO THE TAC AND TO THE VICTORIAN
COMMUNITY

The impact of road trauma on physical and mental health is well defined. Being seriously injured in car crashes
is a significant life event. Recovery can take a significant amount of time, requiring the support of health
professionals, family and work colleagues. The impacts, or ripple effect, are extensive.
As a single ‘catch-all’ metric, financial cost can be used to measure the impact of road crashes. Crash costs
strengthen the basis for policy decisions and can aid in the prioritisation of road safety countermeasures. This
is particularly important in the context of limited financial resources.
Two estimates of the financial cost of injury for hospitalised drivers in Victoria are presented: 1) the direct
financial cost to the TAC 154, and 2) broad community costs. 155 These costs are as follows:
1.

TAC direct costs include the payment of medical and rehabilitation services, lifetime care where
required, income replacement and other support services.

2. Community-costs 156 include other workplace and household costs, repair costs, non-pecuniary costs
(i.e. quality of life, pain and suffering) and legal costs. These costs are hybrid human capital –
willingness to pay estimates of road trauma, adjusted for inflation. Cost estimates accounting for head
injury severity were also used. 157 158 159
The cost values presented in Table 3.5 relate to all ECIS drivers for the 28-month ECIS-enrolment period.
In total, the estimated direct cost to the TAC associated with the management of ECIS drivers was $76.2 million
and the estimated mean cost to the TAC of ECIS drivers was $190,000.
Costs were higher with each successive MAIS injury severity category with drivers sustaining MAIS 3+ severity
injuries accounting for 82.2% of the total cost despite representing 47% of all drivers. The estimated mean cost
to the TAC of a driver sustaining MAIS 3+ severity injuries was $330,000.
Given the broader range of cost factors included, the community-based costs were substantially higher than
the direct costs to the TAC (Table 3.5). Inclusion of all road users involved in the 393 ECIS crashes resulted in
significantly higher estimated direct costs to the TAC and the Victorian community.

TABLE 3.5

FINANCIAL COST OF ECIS DRIVERS, BY MAIS CATEGORY 160
ESTIMATED DIRECT COST TO THE TAC

COMMUNITY-BASED COSTS

PERCENT
DRIVERS
(OF 400)

COST
($ MILLION)

PERCENT
COST

MEAN COST
($)

COST
($ MILLION)

PERCENT
COST

MEAN COST
($)

MAIS 1

21.0%

$2.7

3.6%

$30,000

$16.5

5.8%

$196,538

MAIS 2

32.0%

$10.8†

14.2%

$80,000

$47.7

16.7%

$372,609

MAIS 3+

47.0%

$62.6

82.2%

$330,000

$220.9

77.5%

$1,175,094

All

100%

$76.2

100%

$190,000

$285.1

100%

$712,802

ECIS DRIVER
INJURY
SEVERITY
(MAIS)

154 Taylor Fry. Lifetime cost of claim model. [presentation, 24-9-2014]. Melbourne: Taylor Fry; 2014. Rounded to nearest $10,000.
155 BITRE. Road crash costs in Australia 2006, Report 118. Canberra: Bureau of Infrastructure, Transport and Regional Economics;
2009.
156 Cost estimates were used as follows: fatal injury: $5,203,807; serious injury (drivers managed by the TAC Independence portfolio
and the Supported Recovery portfolio): $847,764.18; minor injury (drivers in the TAC Rapid Recovery portfolio): $31,302. Where any
driver sustained a severe traumatic brain injury (TBI) defined as AIS 4+ and/or GCS 3-8, the allocated cost was $5,679,057; for drivers
with a moderate TBI defined as AIS 3 and/or GCS 9-11 , the cost used was $ 2,957,842. TBI severity based on MAIS. Currency:
Australian dollars ($A). Inflation adjusted to 2016. GCS is Glasgow Coma Scale.
157 Fitzharris M, Stephan K. Assessment of the need for, and the likely benefits of, enhanced side impact protection in the form of a Pole
Side Impact Global Technical Regulation. Monash University, 2013.
158 Teasdale G, Jennett B. Assessment of coma and impaired consciousness: A practical scale. The Lancet. 1974;304(7872):81-4.
159 Access Economics. The economic cost of spinal cord injury and traumatic brain injury in Australia. Access Economics, 2009.
160 Aggregate financial cost of the 400 drivers enrolled to the ECIS program was $76.2 million (TAC) and $285.12 million (communitycosts). Cost all persons involved (crash-based, n = 393 crashes) – TAC direct cost estimates: Sum = $96.8 million, Mean = $250,000.
Community-based crash costs; Sum = $420.6 million, Mean = $1.070 million.
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3.6

CONCLUDING COMMENT

This chapter highlighted the type and severity of injuries sustained by drivers involved in passenger vehicle
crashes in the ECIS driver sample. This was demonstrated using MAIS injury severity classifications, as well
as the estimated direct financial cost to the TAC of managing these injured driver claims and to the community.
The analysis demonstrated the high severity nature of the ECIS sample relative to the overall TAC hospitalised
driver claim cohort. This has important implications when interpreting the findings of the ECIS program.
Of particular note was the high proportion of drivers sustaining high severity chest, lower extremity and head
injuries. This points to a clear need to act to reduce not only the incidence of these injuries but their severity,
particularly in light of the significant long-term implications of these injuries on functioning and well-being.
The financial cost data, while of value to policy makers in aiding countermeasure prioritisation, demonstrates
the relationship between injury severity and higher care and support needs. There was a marked difference in
the cost of providing on-going care across the three MAIS injury severity levels. For instance, the mean cost to
the TAC of drivers with an MAIS 3+ injury was four times that of drivers with an MAIS 2 injury.
In providing an overview of the injury severity of the ECIS sample, the analysis highlighted that the sample of
drivers enrolled to the ECIS program was biased towards the particularly severe end of the injury spectrum.
Specifically, while the proportion of drivers managed by Supported Recovery was comparable to the
population of hospitalised drivers, a higher proportion of ECIS drivers was managed by the Independence
division than would be expected based on the overall TAC claims population. Consequently, there were
relatively fewer injured drivers managed by the lower-touch Rapid Recovery TAC division.
With the ECIS program setting out to examining the causes and consequences of serious injury crashes, that
the ECIS driver sample was biased towards the more severe end of the crash severity continuum is expected.
It is nonetheless important to acknowledge this bias, particularly with regard to considering the findings of the
program.
Finally, in describing the basis of the AIS and the rationale for its use, this chapter provides a foundation for
understanding and interpreting the following chapters
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4

CHARACTERISTICS OF ECIS CRASHES

This chapter reports on the number and characteristics of drivers enrolled to the ECIS program. This also
includes a description of the characteristics of crashes, vehicle-based information, collision object, trip purpose
and other factors of interest. Driver injury severity is a key outcome variable, this being defined by the MAIS
severity score. Serious injury was defined at the MAIS 3+ severity level.

4.1

CRASH CHARACTERISTICS OF ECIS DRIVERS

Of the 400 drivers enrolled to the ECIS program, 251 (62.7%) were involved in crashes at midblock locations
and 149 drivers (37.3%) were involved in crashes at intersections. The injury severity of the ECIS sample was
high, noting that a higher proportion of drivers involved in crashes at midblock locations sustained an MAIS
3+ injury (51.0%) than did drivers injured in crashes that occurred at or in the immediate proximity of an
intersection (41.6%) (p = 0.09).
A higher proportion of ECIS drivers were involved in multiple vehicle crashes (MVC) (62.7%) than single
vehicle crashes (SVC) (37.3%). The injury severity profile of these drivers was similar (Table 4.1).
Drivers injured in crashes that occurred in rural Victoria (36.8%) experienced a higher level of injury than did
drivers injured in crashes in urban Victoria (63.2%). This is evidenced by 64.0% of ECIS drivers injured in
rural crashes having sustained an MAIS 3+ injury compared to 37.1% of drivers injured in urban Victoria (p ≤
0.05). Consequently, the proportion of drivers that sustained an MAIS 1 and MAIS 2 injury was higher among
those injured in urban crashes.
These data provide an overview of the types of crashes included in the ECIS sample, thereby providing a useful
context for more detailed driver, vehicle and the road environment data that follows.

TABLE 4.1

NUMBER OF ECIS DRIVERS BY CRASH TYPE AND INJURY SEVERITY

CRASH CHARACTERISTIC
ECIS drivers (N, %)

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

400

100%

84

21.0%

128

32.0%

188

47.0%

Midblock

251

62.7%

44

17.4%

81

31.6%

126

51.0%

Intersection

149

37.3%

40

26.8%

47

31.6%

62

41.6%

Single vehicle (SVC)

149

37.3%

28

18.8%

53

35.6%

68

45.6%

Multiple vehicle (MVC)

251

62.7%

56

22.3%

75

29.9%

120

47.8%

Urban

253

63.2%

71

28.1%

88

34.8%

94

37.1%

Rural

147

36.8%

13

8.8%

40

27.2%

94

64.0%

ROAD GEOMETRY

VEHICLES INVOLVED

LOCATION

† % by column; ‡ % by row for driver injury severity.
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4.2

DRIVER CHARACTERISTICS AND INJURY SEVERITY

4.2.1

Demographic characteristics of ECIS drivers

Overall 55.8% of ECIS drivers were male and 44.2% were female (Table 4.2). A somewhat higher proportion
of male drivers sustained MAIS 3+ (48.0%) and MAIS 2 (33.6%) injuries than female drivers (MAIS 3+: 45.8%;
MAIS 2: 29.9%); in contrast, the proportion of females with MAIS 1 injuries was higher (24.3%) than was the
case for male drivers (18.4%).
The mean age of drivers was 49.4 years (Median = 48.5; Range = 18 – 93 years). The mean and median age of
male drivers and female drivers were similar. Across the MAIS severity categories there was little difference in
the mean and median age of drivers (Table 4.1).
Of the ECIS sample 18.3% were between 18 – 25 years of age, 19.8% were between 26 – 39 years of age, 26.7%
were aged between 40 to 59 years, 21.7% were aged between 60 – 75 years of age, and 13.5% were 76 years of
age or older (Table 4.1). 161
The proportion of drivers that sustained MAIS 3+ injuries within each age group ranged from 43.0% (26 – 39years of age) to 50.7% (18 – 25 years of age). While there was little difference across the age categories of
drivers sustaining MAIS 3+ injuries, few drivers (9.3%) aged 76 years older sustained MAIS 1 injuries with
44.4% being injured at the MAIS 2 level.

TABLE 4.2

DEMOGRAPHIC CHARACTERISTICS OF ECIS DRIVERS

DEMOGRAPHIC
CHARACTERISTIC

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

SEX
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%

AGE (YEARS)
Mean (SD)

49.4 (20.9)

46.8 (19.8)

51.4 (21.5)

49.1 (20.8)

Median

48.5

43.5

52.0

48.0

Range

18 – 93

18 - 92

18 - 93

18 - 93

AGE CATEGORY (YEARS)
18 - 25

73

18.3%

14

19.2%

22

30.1%

37

50.7%

26 – 39

79

19.8%

23

29.0%

22

27.8%

34

43.0%

40 – 59

107

26.7%

19

17.8%

36

33.6%

52

48.6%

60 – 75

87

21.7%

23

26.4%

24

27.6%

40

46.0%

76 +

54

13.5%

5

9.3%

24

44.4%

25

46.3%

† % by column; ‡ % by row for driver injury severity.

161 For comparison, the proportion of licences held in Victoria by age: 18 – 25 years of age: 13.5%; 26 – 39 years of age: 28.5%; 40 – 59
years: 34.9%; 60 – 75 years: 17.5%; 76+ years of age: 5.6%). Source: VicRoads. Licences as at 29/6/2014.
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4.2.2

Driver age and sex by MAIS severity category

The proportion of ECIS drivers by sex and age is presented in Figure 4.1 (left panel; sums to 100%). The MAIS
injury severity within each driver sex – age combination is also shown.
There were more male than female drivers at each age category, with male drivers aged 40 – 59 years of age
being the single largest driver group (15.5%) and 40 – 59-year-old females accounting for 11.2% of the ECIS
sample. These age categories are not however evenly distributed in the number of years, rather, these were
selected on the basis of being commonly used cut-points.
As a general statement, the findings presented in Figure 4.1 highlight the high severity of injury experienced
by drivers enrolled to the ECIS program across all age groups.
Of particular note is that nearly all female and male drivers 76 + years of age sustained MAIS 2 or MAIS 3+
injuries.
While there are differences in the proportion of drivers within each sex-age group at each MAIS severity level,
these may arise from differences in the types of crashes these drivers experienced, the safety of the vehicle they
were travelling in, the speed and angle of impact, the object struck, as well as differences in the biomechanical
tolerances of individual drivers. The role of these factors with respect to injury is explored throughout this
Report.

FIGURE 4.1

AGE AND MAIS INJURY SEVERITY DISTRIBUTION, BY ECIS DRIVER SEX
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4.2.3

Measures of hospital resource use

An association between hospital resource use and the need for on-going care with injury severity was observed.
This was evidenced by the length of stay in hospital being longer and the proportion of drivers requiring
rehabilitation care being greater with each successive injury severity level.
Overall, the mean LOS was 8.6 days (Median = 6.0; Range = 1.0 – 43.0), however this differed by injury
severity (Table 4.3). The mean LOS was longer for drivers who sustained MAIS 3+ injuries (12.6 days)
compared to drivers that sustained MAIS 2 injuries (5.8 days); this in turn was longer than for drivers that
sustained MAIS 1 injuries (3.8 days) (p ≤ 0.05).
The median length of stay was also longer for drivers that sustained MAIS 3+ injuries (10.0 days) compared to
drivers that sustained MAIS 2 (4.0 days) or MAIS 1 injuries (3.0 days) (p ≤ 0.05). The proportion of drivers
with MAIS 3+ injuries with a LOS longer than 14 days was 29.3% compared to 4.7% of drivers that sustained
MAIS 2 injuries and 3.6% of drivers that sustained MAIS 1 injuries (p ≤ 0.05).
The greater need for on-going care with higher levels of injury severity was evidenced by 64.4% of drivers with
MAIS 3+ injuries being discharged to rehabilitation, this being significantly higher than for drivers that
sustained MAIS 2 injuries (24.2%) and MAIS 1 injuries (6.0%) (p ≤ 0.05). In total, two drivers died, both of
whom had sustained MAIS 3+ injuries.

TABLE 4.3

LENGTH OF STAY (DAYS) AND DISCHARGE STATUS OF ECIS DRIVERS

RESOURCE USE / OUTCOME

ECIS DRIVERS†

DRIVER INJURY SEVERITY†
MAIS 1

MAIS 2

MAIS 3+

400

84

128

188

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)

ECIS drivers (N)
LENGTH OF STAY (LOS)

DISCHARGE STATUS†
Home

242

60.5%

79

94.0%

97

75.8%

66

35.1%

Rehabilitation, or other

157

39.3%

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.

ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 42

4.3

LICENSING, VEHICLE OWNERSHIP, VEHICLE USE, TRIP PURPOSE AND
PASSENGERS

4.3.1

Driver licensing

Most drivers held a Victorian driver’s licence (90.5%, n = 362) with a small proportion of drivers holding an
interstate licence (3.5%, n = 14) or an international licence (2.0%, n = 8). The licensing jurisdiction was
unknown for 16 drivers (4.0%).
The majority of drivers held a ‘standard’ (full licence) (83.8%, n = 335) while 10.8% (n = 43) held a
probationary licence; one driver held a learner permit (0.3%). Seven drivers (1.8%) were driving either
disqualified, with an expired licence, or were unlicensed. Licence type was unknown for 14 drivers (3.5%).

4.3.2

Vehicle ownership

Three-quarters of drivers were driving their own vehicle at the time of the crash (74.8%, n = 299), with 8.2%
reporting that they were driving their partner’s vehicle (n = 33), a friend or relatives’ vehicle (6.8%, n = 27), or
a vehicle that belonged to a parent (4.2%, n = 17) at the time of the crash.
A small number of ECIS drivers were driving a company vehicle (4%, n = 16) and five (1.2%) were driving a
rental or service centre vehicle at the time of the crash. Vehicle ownership status was unknown for three ECIS
drivers (0.8%).

4.3.3

Frequency of use of vehicle

Drivers were asked how often they drove the vehicle that they were using at the time of the crash. Most drivers
(89.5%, n = 358) stated that they drove the vehicle they were using at the time of the crash often. The
distribution of use was as follows: 71.0% indicated daily use (n =284); 16.0% indicated that they used the
vehicle 2-3 times per week (n = 64) and 2.5% indicated that they used the vehicle once-per-week (n = 10). Ten
drivers stated that they drove the particular vehicle once per month (2.5%).
A small proportion of drivers reported using the crash-involved vehicle either ‘rarely’ (3.0%, n =12) or that it
was the first time that they had driven the vehicle (1.0%, n = 4). The frequency of use of the crash-involved
vehicle was unknown for 16 drivers (4.0%).

4.3.4

Frequency of use of road on which the crash occurred

The majority of ECIS drivers used the road where the crash occurred at least once per week (71%, n = 284), of
which 36.3% (n = 145) used the road daily, 22.5% used the road 2 to 3 times per week (n = 90), and 12.3% used
the road once per week (n = 49).
A further 22.8% (n = 91) stated that they travelled on the road either once a month (8.5%, n = 34), rarely
(10.8%, n = 43), or that it was the first time that they had driven on that particular road section (3.5%, n = 14).
Frequency of use of the road was unknown for 6.3% (n = 25) of ECIS drivers.

4.3.5

Trip origin, intended destination and trip purpose

Two-thirds of drivers (64.8%, n = 259) were travelling either to (36.3%, n = 154) or from their home (34.8%,
n = 105) at the time of the crash, while 17.3% (n = 69) of drivers were injured in trips that were classified as
being location-to-location but which did not involve their home being the origin or destination. A further 72
drivers (18.0%) were not able to specify whether their home was the origin or intended destination; this can
be split into drivers that could recall the trip purpose (n = 49, 12.2%) and those that could not (n = 23, 5.8%).
Drivers were asked for additional details as to the purpose of their trip. Trip purpose included the following:
•

Travelling to or from work or study (23.2%, n = 93).

•

Driving for social reasons (e.g., to lunch, social or sporting venue) (20.8%, n = 83), driving to
participate in a leisure or recreational activity (13.0%, n = 52), shopping (11.8%, n = 47), or driving
family members or friends (8.8%, n= 35). Seven drivers (1.8%) drove ‘to think’ or to be alone.

•

Work-related driving (6.2%, n = 25).

•

Driving to or from seeing a health professional or an associated visit to a pharmacy (5.0%, n = 20).

•

Other trips included: car servicing (2.2%, n = 9), licence-assessment (0.2%, n = 1) and pet-care (0.5%,
n = 2).
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The trip type was unknown for 6.5% of ECIS drivers (n = 26). [Note: 3 drivers were able to specify home as
the intended destination but could not specify the trip purpose].

4.3.6

Presence of passengers

The majority of ECIS drivers were traveling alone at the time of the crash (79.0%, n = 316) and one-fifth (21.0%)
were carrying one or more passengers (n = 84) at the time of the crash. A higher proportion of drivers aged 18
– 25 years (27.4%) and drivers 76 years of age and older (35.2%) were carrying a passenger compared to drivers
in other age groups (Table 4.4) (p ≤ 0.05).
Data concerning the characteristics of passengers including whether a passenger was a ‘peer’ (i.e., defined as
being within 3 years of the driver’s age), whether a passenger(s) was younger than 10 years of age, was aged 10
– 17 years, or a passenger was 70 years of age or older, is also provided in Table 4.4.
Where a driver was carrying a passenger, it can be seen that the proportion of ECIS drivers 18 – 25 years of
age carrying a peer passenger was 65.0%, while 52.6% of drivers 76 years of age and older were also carrying a
peer passenger, this being significantly higher than drivers in other age groups (p ≤ 0.05).
Relatively few drivers were carrying a passenger aged under 10 years of age or between 10 – 17 years of age,
with these being spread across drivers of all age groups, except for those aged 76 years and older. For drivers
aged 76 years and older, 35.2% were carrying a passenger at the time of the crash, 74.7% of whom were 70
years of age or older.
It is important to place a caveat on this analysis. This data is presented as an additional way of describing the
nature of the trip. This data does not imply an association between the presence of passengers and the crash
event itself. The reader is referred to Chapter 6 for a comprehensive analysis of factors that contributed to the
crash, as well as ECIS Report 2.

TABLE 4.4
DRIVER
AGE

PRESENCE AND CHARACTERISTICS OF PASSENGERS IN VEHICLE DRIVEN BY ECIS DRIVER
PASSENGERS IN ECIS DRIVER
VEHICLE†

PASSENGER CHARACTERISTICS‡ (% OF PASSENGERS PRESENT)

NO
PASSENGER(S)
PRESENT

PASSENGER(S)
PRESENT

PEER
PASSENGER
PRESENT
(-/+ 3 YEARS OF
DRIVER AGE)

PASSENGER
≤ 9 YEARS OF
AGE PRESENT

PASSENGER
10 - 17 YEARS
OF AGE
PRESENT 162

PASSENGER
≥ 70 +
YEARS OF
AGE
PRESENT

18 - 25

53

72.6%

20

27.4%

13

65.0%

3

15.0%

3

15.0%

0

0.0%

26 – 39

62

78.5%

17

21.5%

7

41.2%

4

23.5%

1

5.9%

0

0.0%

40 – 59

92

86.0%

15

14.0%

2

13.3%

1

6.7%

3

20.0%

1

6.7%

60 – 75

74

85.1%

13

14.9%

6

46.2%

3

23.1%

2

7.7%

2

15.4%

76+

35

64.8%

19

35.2%

10

52.6%

0

0.0%

0

0.0%

14

74.7%

All

316

79.0%

84

21.0%

38

45.2%

11

13.1%

9

10.7%

17

20.2%

† Percent within age (row percent); ‡ Percent is of vehicles with passenger(s) present.

4.3.7

Presence of pets (animals)

A pet animal was present in 3% of vehicles (n = 12) at the time of the crash, a number of which were injured
and killed in the crash.

162 The age category 10 – 17 years was based on the World Health Organisation (WHO) definition of adolescence. While the WHO
defines adolescence as 10 – 19 years of age, a cut-point of 17 was used given that drivers are eligible to obtain a probationary licence at
age 18 in Victoria. See: WHO. Recognising adolescence. [webpage]. http://apps.who.int/adolescent/seconddecade/section2/page1/recognizing-adolescence.html
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4.4

TEMPORAL CHARACTERISTICS OF CRASHES

The majority of drivers enrolled to the ECIS program were involved in a crash that occurred on a weekday
(Monday-Friday, 72.2%, n = 289), with 27.8% (n = 111) having been involved in a crash on a Saturday or a
Sunday).
Figure 4.2 presents the distribution of drivers enrolled to the study by the day of week / time-of-day of their
crash. The MAIS injury severity distribution of injured drivers within each day / time combination is also
shown.
By way of example, the interpretation of Figure 4.2 is as follows: The crash of 30.8% of ECIS drivers occurred
on a weekday between 12:00 and 17:59, of which 24.4% sustained one or more MAIS 1 injuries, 32.5% sustained
one or more MAIS 2 injuries, and 43.1% sustained one or more MAIS 3+ injuries.
Statistical analysis indicated that there was no difference in the MAIS injury severity profile of drivers across
this categorisation of crash day and time, although the proportion of drivers sustaining MAIS 3+ injuries was
highest among those that had a crash between 00:00 (midnight) and 05:59.

FIGURE 4.2

TIME OF DAY OF CRASH, BY DAY OF WEEK AND INJURY SEVERITY

ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 45

4.5

CRASH TYPE, INVOLVED VEHICLES AND IMPACT EVENTS

4.5.1

Number of vehicles involved

Single-vehicle crashes represented 37.3% of crashes (n = 149) and 62.7% (n= 251) involved two or more
vehicles.
The injury severity of drivers involved in single and multiple-vehicle crashes did not differ with the proportion
of drivers sustaining MAIS 3+ (SVC: 45.6%; MVC: 47.8%), MAIS 2 (SVC: 35.6%; MVC: 29.9%) and MAIS 1
injuries (SVC: 18.8%; MVC: 22.3%) being similar.
A further breakdown of multi-vehicle crashes is provided in Figure 4.3 with this distinguishing between
vehicle-to-vehicle crashes (50.7%, n = 203) and crashes involving three or more vehicles (12.0%, n = 48). Of
the drivers involved in crashes that involved three or more vehicles, fewer sustained MAIS 3+ injuries than did
drivers involved in vehicle-to-vehicle crashes (p ≤ 0.05). This difference was due to a high proportion of crashes
that involved three or more vehicles being rear-impact crashes, either at an intersection or in congested traffic
where the impact speed was typically lower than for vehicle-to-vehicle and single vehicle crashes.

FIGURE 4.3

NUMBER OF VEHICLES INVOLVED AND INJURY SEVERITY OF ECIS DRIVERS
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4.5.2

Vehicle type

The vehicle being driven by the ECIS driver was classified into vehicle type using the MUARC Used Car Safety
Rating (UCSR) Buyers Guide 163 vehicle classification structure. The number and percent of vehicles being
driven is shown in Table 4.5 with high level vehicle type categories being used, with these further divided into
vehicle sub-types.
The majority of ECIS drivers were driving a passenger car (73.8%, n = 295), with small passenger cars (27.3%)
and large cars (22.0%) being the most common. Other vehicle types being driven by ECIS drivers included
Sports Utility Vehicles (SUVs) (12.3%), people mover vehicles (1.0%) and commercial vehicles (13.0%).
While the injury severity distribution is also shown, the reader ought to note that the severity of injuries
sustained will reflect the type of collision, impact angle, impact speed, collision object, as well as driver
demographics such as age and sex. These factors need to be considered when reflecting on the differences in
the proportion of drivers injured at each injury level within and across vehicle types. Consideration ought to
be given to the low number of drivers in certain vehicle type sub-categories with respect to interpreting the
injury severity outcomes. Notwithstanding these caveats, the data can however be used to further understand
the ECIS driver sample and associated injury outcomes.

TABLE 4.5

TYPE OF VEHICLE BEING DRIVEN BY ECIS DRIVERS AND INJURY SEVERITY

VEHICLE TYPE

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

Passenger cars 164

295

73.8%

64

MAIS 2
21.7%

93

MAIS 3+
31.5%

138

46.8%

Light car

60

15.0%

17

28.3%

18

30.0%

25

41.7%

Small car

109

27.3%

25

22.9%

37

33.9%

47

43.1%

Medium car

38

9.5%

6

15.8%

11

28.9%

21

55.3%

Large car

88

22.0%

16

18.2%

27

30.7%

45

51.1%

Sports Utility Vehicle 165

49

12.3%

10

20.4%

18

36.7%

21

42.9%

Small (compact)

6

1.5%

1

16.7%

2

33.3%

3

50.0%

Medium

24

6.0%

4

16.7%

9

37.5%

11

45.8%

Large

19

4.8%

5

26.3%

7

36.8%

7

36.8%

People mover 166

4

1.0%

2

50.0%

0

0.0%

2

50.0%

Commercial vehicle

52

13.0%

8

15.4%

17

32.7%

27

51.9%

Car-based utility (Class M 167)

13

3.3%

1

7.7%

4

30.8%

8

61.5%

Utility (4WD, Class N)

31

7.8%

5

16.1%

9

29.0%

17

54.8%

Van / Light truck (Class N)

8

2.0%

2

25.0%

4

50.0%

2

25.0%

† % by column; ‡ % by row for driver injury severity.

163 MUARC. Used Car Buyers Guide. Clayton: Monash University Accident Research Centre; 2019. Available at:
https://www.monash.edu/__data/assets/pdf_file/0008/1479743/UCSR-2018-brochure.pdf
Refer to: Newstead et al. Vehicle safety ratings estimated from police-reported crash data: 2018 update Australian and New Zealand
crashes during 1987-2016, Report 335. Clayton: Monash University Accident Research Centre; 2018. URL:
https://www.monash.edu/__data/assets/pdf_file/0006/1479759/UCSR-2018-Update-MUARC-Report-335-revised.pdf
164 UCSR definition of passenger car categories: light - passenger car, hatch, sedan, coupe or convertible 3 or 4-cylinder engine, up to
1,500 cc, tare mass < 1150 kg; small - passenger car, hatch, sedan, wagon, coupe or convertible 4-cylinder engine, 1,501 cc - 2,000 cc,
tare mass 1150-1350 kg; medium - passenger car, hatch, sedan, wagon, coupe or convertible 4-cylinder engine, 2,001 cc upward, tare
mass 1350-1550 kg large - passenger car, hatch, sedan, wagon, coupe or convertible 6 or 8-cylinder engine, tare mass > 1550 kg.
165 UCSR definition of Sports Utility Vehicle categories: small - typically less than 1700 kg tare mass; medium - typically between 1700
kg and 2000 kg tare mass; large - typically greater than 2000 kg tare mass.
166 UCSR definition of a people mover: vehicle with a passenger usage seating capacity > 5 people.
167 Vehicle categories defined by Australian Design Rules and United Nations Regulations.
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4.5.3

Vehicle safety and injury severity

Vehicles were classified in accordance with the ANCAP star-rating system. 168 Five-star vehicles, the highest
safety rating awarded by ANCAP, were being driven by 22.5% (n = 90) of ECIS drivers, with 32.3% (n = 129)
driving a 4-star rated vehicle. Vehicles rated as 3-star or lower were being driven by 40.8% of ECIS drivers (n
= 163), and 4.5% were not rated, having been manufactured prior to 1986 (n = 18).
A strong association was evident between ANCAP star-rating and driver injury severity (p ≤ 0.05). 169 Fewer
drivers of ANCAP 5-star rated vehicles sustained an MAIS 3+ injury (33.3%) compared to drivers in 4-star
(46.5%) and 3-star or lower rated vehicles (55.2%). 170 With the proportion of drivers with MAIS 2 injuries
being similar, 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%).
Notwithstanding 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.
Having said this, it remains the case that 33.3% of ECIS drivers in a 5-star rated vehicle sustained an MAIS 3+
injury. This is considered further in Chapter 6 and Chapter 7, particularly with respect to the influence of
impact speed and crash configuration.

FIGURE 4.4

ANCAP STAR RATING OF VEHICLES BEING DRIVEN BY ECIS DRIVERS

168 A frontal offset test result was available for 84 vehicles, with this being taken to represent the whole of vehicle score with the
distribution of star ratings for these vehicles being: 1-star: n = 16; 2-star: n = 30; 3-star: n = 25; 4-star: n = 12; 5-star: n = 1. In addition,
62 vehicles had not been tested by ANCAP or EuroNCAP. For these vehicles, the mean ANCAP score for vehicles in each relevant vehicle
age category was used to infer the ANCAP score as follows: pre-1986 (0); 1986 – 1989 (1); 1990 – 1999 (2); 2000 – 2009 (3); 2010 –
2013 (4); 2014 – 2016 (5). Using these heuristics, the number of vehicle driver cases was: 0-star / Pre-1986: n = 18; 1-star: n = 0; 2-star:
n = 32; 3-star: n = 7; 4-star: n = 5; 5-star: n = 0.
169 Excludes pre-1986 vehicles due to low cell counts; nonetheless, the association remains intact with this category included.
170 For simplicity, and the finding that the injury distribution of drivers in 1-star vehicles (n = 17, 4.2% of 400), 2-star vehicles (n = 69,
17.2% of 400) and 3-star rated vehicles (n = 77, 19.2% of 400) was similar, the combined star-rating category of 3-stars or lower was
used.
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4.5.4

Vehicle age, safety features and injury severity

The mean age of vehicles was 12.6 years (SD = 9.7) and the median age was 11.0 years. On average, drivers that
sustained MAIS 3+ injuries were in older vehicles than those with lower severity injuries. Drivers who
sustained MAIS 1 injuries were driving newer vehicles than (Mean = 9.0 years, 95th% CI: 7.6 – 10.5) drivers
who sustained MAIS 2 injuries (Mean = 13.4 years, 95th% CI: 11.5 – 15.3) and MAIS 3+ injuries (Mean = 13.8
years, 95%CI: 12.4 – 15.1) (p ≤ 0.05).
Table 4.6 presents the number and percent of vehicles being driven by ECIS drivers by year of manufacture.
The percent of vehicles rated as having 5-star ANCAP safety, with a frontal airbag fitted, and with ESC fitted is
shown. The MAIS injury severity distribution for drivers within each year-of-manufacture category is also
presented.
Overall, 22.5% of vehicles were rated by ANCAP as having 5-star safety, but as expected, this increased from
4.8% of vehicles manufactured in the 2001-2005 period to 86.2% of vehicles manufactured in the period 20142016. 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 being driven by ECIS drivers had Automatic Emergency Braking (AEB) fitted.

TABLE 4.6

VEHICLE CHARACTERISTICS OF ECIS DRIVERS

YEAR OF
MANUFACTURE^

ECIS
DRIVERS†

2014–2016

29

2011–2013

SAFETY RATING AND EQUIPMENT

DRIVER INJURY SEVERITY‡

ANCAP§
5- STARΦ

FRONTAL
AIRBAGΦ

ESCΦ

MAIS 1

7.2%

86.2%

100%

89.7%

12

41.4%

12

41.4%

5

17.2%

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%

MAIS 2

MAIS 3+

comparison. 171 172

^Year of manufacture noting crashes occurred in the period August 2014 to December 2016. Vehicle fleet data presented in footnotes for
† % 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 commenced 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-askedquestions

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 in more recently manufactured vehicles (p ≤ 0.05). For
example, 17.2% of drivers of vehicles manufactured in 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, 17.2% of drivers of 2014–2016 manufactured
vehicles sustained MAIS 3+ injuries. This finding suggests that improvements in the vehicle fleet will alone be
insufficient to seek the desired reductions in serious injury without further improvements in vehicle safety, a
more rapid turnover of the vehicle fleet, and alignment of the road infrastructure and speed limit settings given
the level of protection provided by vehicles when crashes do occur.

171 2016 Registered passenger vehicle / light commercial fleet, Victoria. Australian Bureau of Statistics, Motor Vehicle Census 2019
[microdata]. Vehicle year of manufacture distribution is as follows: 1990 and earlier: 3.2%; 1991-1995: 3.5%; 1996-2000: 10.4%; 20012005: 20.3%; 2006-2010: 25.9%; 2011-2013: 17.8%; 2014-2016: 18.9%.
172 2019 Registered passenger vehicle / light commercial fleet, Victoria. Australian Bureau of Statistics, Motor Vehicle Census 2020
[microdata]. Vehicle year of manufacture distribution is as follows: 1990 and earlier: 8.4%; 1991-1995: 3.8%; 1996-2000: 7.3%; 20012005: 16.0%; 2006-2010: 25.0%; 2011-2013: 18.8%; 2014-2016: 24.5%; 2017-2019: 28.8%.
ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 49

4.5.5

Vehicle impact details

4.5.5.1 Vehicle collision partner and impacts with roadside objects
Approximately three-quarters of crashes involved one impact (77.8%) with a vehicle or a roadside object, with
the balance (22.2%) involving two or more impacts. For ease of presentation, the collision partner or roadside
object associated with the primary impact is shown (Table 4.7).
The percentage of crashes involving vehicles striking a roadside object (35.0%) or a passenger car (34.7%) was
similar. Other prominent collision partners include commercial vehicles (16.3%) and SUVs (11.3%).
A smaller number of drivers experienced a non-collision rollover event where a vehicle entered a yaw and
tripped (2.2%), while two ECIS drivers were involved in a collision with a motorcycle (0.5%).
Impacts with trees (17.8%), collisions with small passenger cars (11.8%), large passenger cars (11.2%), and
other roadside objects (11.2%) were more common than other collision partner types (Table 4.7).
Across the collision partner and impact object categories, the proportion of ECIS drivers that sustained MAIS
3+ injuries differed (p ≤ 0.05). The proportion of ECIS drivers sustaining an MAIS 3+ injury was higher for
those involved in a collision with a commercial vehicle (60.0%) and SUV (48.9%) than it was for drivers
involved in a collision with a passenger car (39.6%). Further, 47.1% of ECIS drivers that struck a roadside
object sustained an MAIS 3+ injury, this being highest for drivers that struck a tree (59.2%).
Notwithstanding potential differences in crash configuration such as vehicle impact point and impact speed as
well as driver demographics, these findings highlight key injury risk factors and countermeasure targets.

4.5.5.2 Vehicle damage and rollover events
The point of principal damage (i.e., most significant) to vehicles being driven by ECIS drivers is shown in Table
4.8. Frontal vehicle damage was most common (55.3%), followed by right (driver) side damage (17.0%),
damage to multiple parts of the vehicle including the roof due to a partial or complete vehicle rollover (16.4%),
left side damage (5.8%), and damage to the rear of the vehicle (5.5%).
The MAIS distribution for drivers differed by vehicle damage location (p ≤ 0.05). For example, the highest
proportion of drivers sustaining MAIS 3+ injuries were those involved in crashes where the right (driver) side
of the vehicle was the principal damage location (58.8%), followed by those involved in crashes where the front
of the vehicle was the primary damage location (48.9%). Left side impact damage was associated with the
lowest proportion of ECIS drivers sustaining MAIS 3+ injuries (26.1%); these are frequently referred to as ‘far
side’ or ‘non-struck side’ impacts for the driver.
A total of 66 ECIS drivers (16.4%) experienced a rollover event, defined as at least one-quarter turn 173 (i.e.,
vehicle on its side). Rollover events following an impact with either a vehicle or roadside object (12.0%) were
more common than tripped rollovers that involved a vehicle yaw (2.2%) or where the vehicle tripped, rolled
and then experienced a subsequent impact (2.2%).
Across the three vehicle rollover categories driver injury severity did not differ, noting however the relatively
small cell counts. Notably though, tripped rollovers were commonly associated with high speed with the vehicle
entering a yaw; 55.6% of involved drivers sustained MAIS 3+ injuries. In contrast, fewer of the drivers involved
in post-impact rollovers (37.5%) or a rollover event followed by an impact sustained MAIS 3+ injuries (44.4%),
with these two types of rollover events more often associated with a one-quarter turn rollover event than a full
(or multiple full-turn) vehicle rollover event.
Further work is required to more fully understand rollover events, and in particular, the interplay between
driver behaviour, the vehicle and the road environment in how these events were initiated.

173 Parker D, Ray R, Moore T, Keefer R. Rollover Severity and Occupant Protection—A Review of NASS/CDS Data. SAE Transactions.
2007; 116: 464-471.
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TABLE 4.7

PRIMARY COLLISION PARTNER AND INJURY SEVERITY OF ECIS DRIVERS

COLLISION PARTNER

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

Passenger cars

139

34.7%

39

MAIS 2
28.0%

45

MAIS 3+
32.4%

55

39.6%

Light car

13

3.2%

7

53.8%

2

15.4%

4

30.8%

Small car

47

11.8%

11

23.4%

19

40.4%

17

36.2%

Medium car

34

8.5%

12

35.3%

9

26.5%

13

38.2%

Large car

45

11.2%

9

20.0%

15

33.3%

21

46.7%

Sports Utility Vehicle (SUV)

45

11.3%

8

17.8%

15

33.3%

22

48.9%

Small (compact)

6

1.5%

2

33.3%

1

16.7%

3

50.0%

Medium

23

5.8%

2

8.7%

10

43.5%

11

47.8%

Large

16

4.0%

4

25.0%

4

25.0%

8

50.0%

People mover
Commercial vehicle
Car-based utility (Class

0

0.0%

-

-

-

-

-

-

65

16.3%

10

15.4%

16

24.6%

39

60.0%

M 174)

10

2.5%

2

20.0%

2

20.0%

6

60.0%

Utility (4WD, Class N)

17

4.2%

3

17.6%

3

17.6%

11

64.7%

Van (Class N)

8

2.0%

2

25.0%

2

25.0%

4

50.0%

Truck

27

6.8%

3

11.1%

7

25.9%

17

63.0%

Bus

3

0.8%

0

0.0%

2

66.7%

1

33.3%

Non-collision (tripped)
rollover

9

2.2%

0

0.0%

5

55.6%

4

44.4%

Motorcycle

2

0.5%

0

0.0%

0

0.0%

2

100%

Roadside object

140

35.0%

27

19.3%

47

33.6%

66

47.1%

Tree

71

17.8%

7

9.8%

22

31.0%

42

59.2%

Pole

24

6.0%

3

12.5%

10

41.7%

11

45.8%

Other roadside object*

45

11.2%

17

37.8%

15

33.3%

13

28.9%

† % by column; ‡ % by row for driver injury severity; * includes parked vehicle.

174 Vehicle categories defined by Australian Design Rules and United Nations Regulations (Class M, Class N).
ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 51

TABLE 4.8

PRINCIPAL POINT OF VEHICLE DAMAGE AND ROLLOVER EVENTS EXPERIENCED BY ECIS
DRIVERS

VEHICLE DAMAGE

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

PRINCIPAL POINT(S) OF VEHICLE DAMAGE
Front (including offset)

221

55.3%

35

15.8%

78

35.3%

108

48.9%

Side – right (driver side)

68

17.0%

14

20.6%

14

20.6%

40

58.8%

Side – left (far side)

23

5.8%

6

26.1%

11

47.8%

6

26.1%

Rear

22

5.5%

11

50.0%

4

18.2%

7

31.8%

Multiple points including roof
(rollover event)

66

16.4%

18

27.3%

21

31.8%

27

40.9%

Tripped without impact with
vehicle or object

9

2.2%

0

0.0%

4

44.4%

5

55.6%

Initial impact with a vehicle or
object followed by rollover
(‘post-impact rollover’)

48

12.0%

17

35.4%

13

27.1%

18

37.5%

Rollover, followed by impact
with vehicle or object

9

2.2%

1

11.1%

4

44.4%

4

44.4%

ROLLOVER EVENTS†

† % by column; ‡ % by row for driver injury severity.
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4.6

CRASH LOCATION, ROAD CLASS AND SPEED ZONE

4.6.1

Crash location

Using the Australian Bureau of Statistics (ABS) area classification system 175, 63.2% of ECIS crashes occurred
in urban Victoria and 36.8% occurred in regional Victoria (inner regional: 30.0%; outer regional: 6.8%) (Table
4.9, Figure 4.5).
The MAIS severity profile of ECIS drivers injured in crashes that occurred in urban Victoria and regional
Victoria differed (p ≤ 0.05). Nearly two-thirds (63.9%) of drivers injured in regional location crashes sustained
MAIS 3+ injuries compared to their urban counterparts (37.1%). There was however little difference in the
injury severity profile of drivers injured in crashes that occurred in inner regional and outer regional Victoria
(Table 4.9).
The high severity nature of crashes that occurred in regional Victoria is likely to reflect a higher proportion of
crashes occurring on high speed roads than was the case for crashes that occurred in urban areas, as well as
differences in impact configuration and driver demographics. These factors, among others, are examined
further throughout this Report.

TABLE 4.9

CRASH LOCATION IN VICTORIA AND ECIS DRIVER INJURY SEVERITY

CRASH LOCATION

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

Urban

253

63.2%

71

28.1%

88

34.8%

94

37.1%

Regional

147

36.8%

13

8.8%

40

27.2%

94

63.9%

Inner regional

120

30.0%

12

10.0%

32

26.7%

76

63.3%

Outer regional

27

6.8%

1

3.7%

8

29.6%

18

66.7%

† % by column; ‡ % by row for driver injury severity.

FIGURE 4.5

CRASH LOCATION AND ECIS DRIVER INJURY SEVERITY

175 Urban defined as RA1-Major Cities; Rural defined as (RA2 Inner Regional) plus (RA3 Outer Regional + RA4 Remote).
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4.6.2

Speed limit of roads

4.6.2.1 The role of the speed limit in context: links to crash risk and injury severity
Two important questions that the ECIS program set out to address was the relationship between travel speed
and crash risk and the relationship between impact speed and injury risk (Chapter 7).
With travel speed dictated to a large extent by the speed limit, and impact speed correlated with pre-crash
travel speed, there is value in documenting injury outcomes by speed zone. However, as has been shown in this
chapter, injury severity is influenced by a number of factors, including crash type, vehicle type, vehicle safety
rating and age, and collision partner. Factors such as braking and driver speed choice also play a role in
determining impact speed, and hence, injury outcomes (see Chapters 6, 7).
As a consequence, the ability to unambiguously interpret the relationship between injury severity and speed
zone is constrained. This analysis can therefore be viewed as simply providing context of the ECIS sample and
the more detailed analysis that follows.
With this in mind, the number and percent of ECIS drivers involved in crashes – as well as their injury severity
level, by different speed zone are presented in Table 4.10.

4.6.2.2 The distribution of ECIS crashes and driver injury severity by speed zone
Of the ECIS driver sample, 32.8% were involved in crashes that occurred on roads with a 100 km/h speed limit.
Drivers injured in crashes that occurred on roads with a 60 km/h speed limit accounted for 26.8% of the driver
sample and 21.0% of drivers injured in crashes on roads with an 80 km/h speed limit. Crashes on roads with
a 70 km/h speed zone accounted for 9.8% of the ECIS driver sample, and 7.6% of ECIS crashes occurred on
roads with a speed limit of 50 km/h or lower. There were few drivers in the ECIS sample involved in crashes
on 90 km/h (1.3%) or 110 km/h roads (1.0%), limiting the interpretation of these data.
The challenge in interpreting the driver injury severity data is significant, serving to highlight the complex
interplay of the factors described above. Nonetheless, the highest proportion of drivers with MAIS 3+ injuries
were those injured in crashes that occurred in a 90 km/h (80.0%, n = 4) and 100 km/h speed zones (59.5%).

TABLE 4.10
SPEED ZONE

ECIS DRIVERS BY SPEED ZONE AND DRIVER INJURY SEVERITY
ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

≤ 50 km/h

30

7.6%

7

23.3%

8

26.7%

15

50.0%

60 km/h

107

26.8%

36

33.6%

28

26.2%

43

40.2%

70 km/h

39

9.8%

6

15.4%

17

43.6%

16

41.0%

80 km/h

84

21.0%

20

23.8%

34

40.5%

30

35.7%

90 km/h

5

1.3%

0

0.0%

1

20.0%

4

80.0%

100 km/h

131

32.8%

14

10.7%

39

29.8%

78

59.5%

110 km/h

4

1.0%

1

25.0%

1

25.0%

2

50.0%

† % by column; ‡ % by row for driver injury severity.

Half of the drivers involved in crashes in a 50 km/h speed zone sustained MAIS 3+ injuries. While the sample
size was relatively small (n = 30), these drivers were significantly older (Mean = 60.0, SD = 21.2 years) than
the overall mean age of ECIS drivers (Mean = 49.4 years, SD = 20.8 years) (p ≤ 0.05) and those that sustained
MAIS 3+ injuries in crashes that occurred on 100 km/h roads (Mean = 45.0, SD = 19.1 years) (p ≤ 0.05). Other
factors that influenced injury severity, such as crash type and impact angle also likely differ.
These findings highlight the need to view injury and speed limits through a more sophisticated lens.
Specifically, a focus on the interaction between road class, its associated infrastructure and speed limits is
required. This understanding is fundamental to designing the Safe Roads element of the Vision Zero Model of
Safe Travel as outlined in Chapter 1.
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4.6.3

Road classification

The Victorian State-wide Route Numbering System (MABC) was used to classify roads where ECIS crashes
occurred. A distinction was made between Other Arterial roads and Local (municipal) roads. Table 4.11
presents the number and injury severity of drivers by road classification overall and for urban-rural locations.
Where a crash occurred at an intersection, the ‘highest’ road classification at the point of the crash was used.
Overall, 43% of ECIS drivers were injured in crashes that occurred on the Victorian MABC road network (Mroads: 10.2%; A-roads: 5.0%; B-roads: 6.5%; C-roads: 21.2%), 30.3% were injured in crashes on Other Arterial
roads and 26.8% were injured in crashes that occurred on Local roads.
The MAIS severity for drivers differed across road class. The proportion of drivers with MAIS 3+ injuries was
higher for those whose crashes occurred on A-roads (65.0%), B-roads (61.6%), C-roads (57.6%) and Local
roads (54.2%) compared to those injured in crashes on M-roads (29.3%) and Other Arterial roads (33.0%) (p
≤ 0.05).
The difference in injury severity among drivers whose crashes occurred in urban and regional Victoria as
shown in Section 4.6.1 was also reflected within each road class. This difference was especially apparent in
crashes that occurred on C-class roads (urban: 42.4% MAIS 3+; rural: 67.3% MAIS 3+) but less so for crashes
that occurred on Local roads (urban: 50.9% MAIS 3+; rural: 57.7% MAIS 3+). The low number of drivers in
the ECIS sample in certain road class-location categories (i.e., M/rural; A/urban; B/urban; Other
Arterial/rural) limits the strength of this finding somewhat for these specific environments.

TABLE 4.11

ECIS DRIVERS BY ROAD CLASS AND DRIVER INJURY SEVERITY

ROAD CLASSIFICATION

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

M

41

10.2%

13

MAIS 2
31.7%

16

MAIS 3+
39.0%

12

29.3%

Urban

33

8.2%

12

36.4%

13

39.4%

8

24.2%

Rural

8

2.0%

1

12.5%

3

37.5%

4

50.0%

A

20

5.0%

4

20.0%

3

15.0%

13

65.0%

Urban

3

0.8%

2

66.7%

0

0.0%

1

33.3%

Rural

17

4.2%

2

11.8%

3

17.6%

12

70.6%

B

26

6.5%

3

11.5%

7

26.9%

16

61.6%

Urban

9

2.3%

2

22.2%

3

33.3%

4

44.5%

Rural

17

4.2%

1

5.9%

4

23.5%

12

70.6%

C

85

21.2%

12

14.1%

24

28.2%

49

57.7%

Urban

33

8.2%

7

21.2%

12

36.4%

14

42.4%

Rural

52

13.0%

5

9.6%

12

23.1%

35

67.3%

Other Arterial

121

30.3%

40

33.1%

41

33.9%

40

33.0%

Urban

120

30.0%

40

33.3%

41

34.2%

39

32.5%

Rural

1

0.3%

0

0.0%

0

0.0%

1

100%

Local

107

26.8%

12

11.2%

37

34.6%

58

54.2%

Urban

55

13.8%

8

14.6%

19

34.5%

28

50.9%

Rural

52

13.0%

4

7.7%

18

34.6%

30

57.7%

† % by column; ‡ % by row for driver injury severity.
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That the proportion of drivers that sustained MAIS 3+ level injuries was highest for crashes that occurred on
A (65%), B (61.6%) and C-roads (57.7%) is important. While these findings may reflect differences in crash
type, impact configuration and other factors including vehicle type and driver age (refer Section 4.6.6.2 for
example), the majority of the roads where these crashes occurred had a speed limit of 80 km/h or higher (A:
75.0%; B: 73.1%; C: 81.1%). It is also noted that of the crashes that occurred on Other Arterial roads and Local
roads, 57.9% and 39.3% had a speed limit of 80 km/h or higher respectively.
In contrast, nearly all (96.7%) of the crashes that occurred on, or at, M-roads had a speed limit of 80 km/h or
higher. Despite this, the proportion of ECIS drivers involved in these crashes that sustained an MAIS 3+ injury
was low (29.3%).
In contrasting these two sets of results, important differences in road design and safety features exist. M-class
roads, for instance, eliminate intersections that are characteristic of high risk across-path crashes. In addition,
head-on crashes and run-off-road crashes are mitigated by road design and safety infrastructure. On the other
hand, C-class roads, by definition, do not have the same level of safety protection as M-class roads. Similarly,
Local Roads, especially in the rural environment, can also be characterised as a high speed, low safety feature
road environment where the potential for vehicle conflict is high.
That the injury severity of drivers involved in crashes on C-class rural roads and Local rural roads is so high
demonstrates the pressing need to implement safety countermeasures on these roads. That drivers injured on
these two road types in rural Victoria account for 34.5% of ECIS drivers who sustained MAIS 3+ injuries despite
accounting for 26.0% of the ECIS driver sample reinforces this need.
In sum, these points further reinforce the need to consider road class and speed zone together when designing
and implementing safety countermeasures to mitigate injury. While an in-depth examination of factors
associated with crash risk and injury severity is provided in Chapter 6 and Chapter 7 of this Report, options to
achieve improved safety for these road environments are examined in ECIS Report 4.
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4.7

ENVIRONMENTAL CONDITIONS AT THE TIME OF THE CRASH

The weather, road and lighting conditions at the time of the crash are presented in Table 4.12. Key findings
are:
•

The majority of drivers were injured in crashes that occurred in ‘clear’ 176 weather conditions (82.0%,
n = 328), with either fog (n = 2) and rain (n = 70) being present at the time of the crash for 72 drivers
(18.0%).

•

The road was dry at the time of the crash for 75.8% of ECIS drivers (n = 303) and wet for 24.2% of
drivers (n = 97).

•

The crash for the majority of ECIS drivers occurred during the day-time (64.8%), 24.2% occurred in
night conditions, and an approximately equal number of drivers were injured in crashes that occurred
at dawn (5.2%) and at ‘dusk’ (5.8%). Street lighting 177 was present and operating in 58.8% of crash
events that occurred at night, 57.2% for crash events that occurred at dawn, and 28.5% for those that
occurred at dusk.

The findings also show that the injury severity of ECIS drivers did not differ according to weather conditions
or road conditions, however differences were evident across lighting (time of day) conditions.
While relatively fewer in number, a higher proportion of drivers injured in crashes that occurred at dawn
sustained MAIS 3+ injuries (66.7%) compared to those whose crash occurred at night (57.7%), during the day
(42.5%), and at dusk (34.8%) (p ≤ 0.05). While this result may reflect differences in crash, vehicle and driver
characteristics and associated behaviours, the higher proportion of drivers sustaining MAIS 3+ in crashes that
occurred at ‘dawn’ is sufficiently elevated as to warrant further exploration.

TABLE 4.12

ENVIRONMENTAL CONDITIONS AT THE TIME OF THE CRASH AND ECIS DRIVER INJURY
SEVERITY

ENVIRONMENTAL
CONDITIONS

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

Weather conditions
Clear

328

82.0%

68

20.7%

108

32.9%

152

46.3%

Not clear (includes rain,
fog, snow, smoke)

72

18.0%

16

22.2%

20

27.8%

36

50.0%

Dry

303

75.8%

63

20.8%

95

31.4%

145

47.9%

Wet

97

24.2%

21

21.6%

33

34.0%

43

44.3%

Road conditions

Lighting (time of day) conditions
Dawn

21

5.2%

2

9.5%

5

23.8%

14

66.7%

Day

259

64.8%

62

23.9%

87

33.6%

110

42.5%

Dusk

23

5.8%

6

26.1%

9

39.1%

8

34.8%

Night

97

24.2%

14

14.4%

27

27.8%

56

57.7%

† % by column; ‡ % by row for driver injury severity.

176 Clear means the absence of rain, snow, fog, smoke, or dust.
177 Street lights present and operating: Dawn: 12 of 21 (57.2%); Dusk: 4 of 14 (28.5%); Dark: 57 of 97 (58.8%).
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4.8

CONCLUDING COMMENT

This chapter documented the demographic, licensing and trip-based characteristics of drivers that enrolled in
the ECIS program. In addition, an overview of the characteristics of crashes in the ECIS sample, including the
number of vehicles involved, their location and temporal characteristics, as well as vehicle-based information
and the information regarding the road environment where the crash occurred was provided.
Analysis demonstrated a clear relationship between injury severity and a number of factors. Key risk factors
for serious injury were seen to include: involvement in a crash at a midblock location; involvement in a crash
in rural Victoria; driving a vehicle with a lower ANCAP rating; driving an older vehicle; driving a car-based
commercial vehicle (utility); being involved in a collision with a commercial vehicle or striking a tree, and being
struck on the right (driver) side of the vehicle.
The data also shows the increasing proportion of vehicles with safety features in more recently manufactured
vehicles. This is seen by 100% of vehicles manufactured since 2011 having frontal airbags fitted and the
exponential increase in the proportion of vehicles having ESC and holding a 5-star ANCAP safety rating. The
benefit of improved safety is clear with fewer drivers of these vehicles having sustained an MAIS 3+ injury;
however the finding that a proportion of drivers of 5-star rated vehicles sustained MAIS 3+ injuries highlights
the complex interplay of vehicle travel speed, impact speed, the nature of the collision partner and driver
demographics in shaping injury outcomes. This point is examined further in Chapter 7 in the context of vehicle
crash testing, the concept of ‘engineered-in’ safety, vehicle safety performance limits and boundary conditions.
These concepts are critical in understanding the Safe System approach, particularly the link between creating
an inherently safe system and speed limit setting.
Perhaps due to the high severity nature of the ECIS sample, the injury severity distribution of drivers involved
in single and multiple-vehicle crashes was similar. While there was no apparent difference in the injury severity
profile of drivers across speed zones, there were considerable differences in the crash types, impact
configuration as well as vehicle safety and driver related differences.
It was however the case that the proportion of drivers with MAIS 3+ injuries was highest for those whose crash
occurred on A, B and C-Class roads, most of which had a speed limit of 80 km/h or higher; these roads can be
characterised as having a high opportunity for vehicle-to-vehicle conflict and vehicle-to-roadside object
infrastructure conflict at high speed. Local rural roads by and large share this characterisation and
unsurprisingly, 57.7% of ECIS drivers sustained MAIS 3+ injuries in crashes on these roads.
While there was little difference between the driver sex-age categories with respect to injury severity, a higher
proportion of female drivers aged 76+ years’ sustained MAIS 3+ injuries than drivers of any other age and sex
category.
A further point to note was the relatively high proportion of ECIS driver vehicles that experienced a partial or
full rollover (16.4%). Rollover events were ‘tripped events’ following a high-speed yaw or occurred after an
initial impact; in a separate category, vehicles were involved in a secondary impact with a vehicle or object post
the initial rollover event. Given the frequency of rollover events in the ECIS sample, the role of vehicle design
– particularly vehicle centre of gravity and frontal drive geometry–and the interaction with road infrastructure
ought to be examined.
As expected, an association was also found between injury severity and hospital resource utilisation, including
length of stay in acute care and discharge to further care in rehabilitation. This highlights the significant
immediate and longer-term impacts of these crashes on the lives of drivers involved.
A limitation to be noted was the small number of driver cases in certain categories (e.g., unlicensed drivers;
impacts with motorcycles). In these instances, the ability to draw conclusions from these sub-categories and
crash risk or injury severity was limited.
To conclude, the analysis presented in this chapter provides a contextual basis for the chapters that follow. The
findings are important in their own right and provide direction on where the attention ought to be paid in
seeking to achieve the goal of zero serious injuries in crashes in Victoria.
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5

ECIS CRASH TYPES: LANE DEPARTURE, ACROSS PATH AND REAR
IMPACT CRASHES

This chapter introduces crash types defined by vehicle movement. The classification of individual crashes into
distinct groups based on the principal vehicle movement was done as a way to further understand the role of
specific risk factors and safety gaps for the occurrence of crashes and injuries sustained. This will be of
particular value when defining safety countermeasures in ECIS Report 4.

5.1

CRASH TYPES: DEFINITION AND REPRESENTATION IN THE ECIS SAMPLE

5.1.1

Defining crash types based on vehicle movement

Crashes were classified principally according to the vehicle movement, with secondary consideration given to
the roadway location. Four crash configurations were defined:
1.

Lane Departure crashes. Includes crashes where a single vehicle left the carriageway to the left or to
the right, and multi-vehicle head-on crashes, either on a curve or on a straight road section.

2. Across Path crashes. Includes crashes where a vehicle: moved across the path of another vehicle when
entering a carriageway; turned across the path of another vehicle; or moved across the path of traffic
without turning (i.e., going straight), such as at a standard 4-way intersection.
3. Rear Impact crashes. Sub-types were defined as: striking a parked vehicle at a midblock location;
striking (or being struck) at an intersection; striking (or being struck) in traffic at a midblock location.
4. Other. Any crash that could not be classified into any of the above three crash type categories was
classified as ‘other’. These crashes involved multiple and/or unusual vehicle movements immediately
preceding the crash.
A graphical representation of these crash types is provided in Figure 5.1. In the pictograms, the critical precrash vehicle movement is represented by the red vehicle; the vehicle travelling in its normal path (or
stationary, rear impact parked) and involved in the crash is represented as green, and the vehicle coloured
white is struck in a rear-impact configuration and is either stationary or moving in traffic. The ECIS driver can
be the occupant of either crash-involved vehicle in each of the crash type scenarios.

5.1.2

Number of ECIS drivers by crash type and level of injury sustained

Half of the drivers enrolled into the ECIS program were injured in Lane Departure crashes (50.5%, n = 202),
30.0% (n = 120) were injured in Across Path crashes, and 17.3% (n = 69) were injured in Rear Impact crashes.
The injury severity profile of drivers enrolled to the ECIS program differed by crash type, with 57.4% of drivers
involved in Lane Departure crashes sustaining MAIS 3+ injuries compared to 44.2% of drivers involved in
Across Path crashes and 20.3% of drivers involved in Rear Impact crashes (p ≤ 0.05).
A small number of drivers were involved in crashes that were classified as Other (2.2%, n = 9). Due to their
small number and non-uniform nature, only high-level characteristics are presented below.

TABLE 5.1
CRASH TYPE

NUMBER AND INJURY SEVERITY OF ECIS DRIVERS BY CRASH TYPE
ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

Lane Departure

202

50.5%

24

11.9%

62

30.7%

116

57.4%

Across Path

120

30.0%

27

22.5%

40

33.3%

53

44.2%

Rear Impact

69

17.3%

32

46.4%

23

33.3%

14

20.3%

Other

9

2.2%

1

11.1%

3

33.3%

5

55.6%

† % by column; ‡ % by row for driver injury severity.

The analysis presented in this chapter is presented for the 400 hospitalised drivers enrolled in the ECIS
program. As stated in Chapter 2 (Method), for seven crashes drivers from both crash-involved vehicles were
enrolled. Consequently, the ECIS program included 393 crashes, 52.2% (n = 205) of which resulted in one or
more involved occupant(s) sustaining an MAIS 3+ severity injury. There were 199 Lane Departure crashes
(MAIS 3+: 63.8%, n = 127), 117 Across Path crashes (MAIS 3+: 50.4%, n = 59), 68 Rear Impact crashes (MAIS
3+: 20.6%, n = 14) and 9 crashes classified as ‘Other’. Data is presented on a crash basis in Chapter 6 onwards.
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5.1.3

Presentation of data regarding crash types and sub-types

The following Sections present key driver demographic and injury severity data for each crash type. This
includes estimated financial costs. Where appropriate, information on crash sub-types is also presented. The
intention of this analysis is to provide a platform to understand and contextualise the findings of Chapters 6,
7 and 8 that examine factors associated with crash occurrence, injury severity, and the safety performance of
the road transport system through the lens of the Safe System concept.
LANE DEPARTURE (OFF-PATH AND HEAD-ON)
OFF-ROAD TO LEFT

OFF-ROAD TO RIGHT

HEAD-ON, ON CURVE

HEAD-ON, ON STRAIGHT

ACROSS PATH
ENTER CARRIAGEWAY

TURN ACROSS

CROSS TRAFFIC

REAR IMPACT
INTO PARKED VEHICLE
(MIDBLOCK)

FIGURE 5.1

AT INTERSECTION

OTHER
IN TRAFFIC
(MIDBLOCK)

REPRESENTATION OF CRASH TYPES

Key: Vehicle (red): signifies the critical pre-crash vehicle movement; Vehicle (green): signifies that vehicle travelling in its normal path
(or is stationary, rear impact - parked) and involved in the crash; Vehicle (white): vehicle (stationary or moving) in proximity of rearimpact crash but not involved. The ECIS driver can be the occupant of either of the crash-involved vehicles in each of the crash type
scenarios.
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5.2

LANE DEPARTURE CRASHES

This Section provides an overview of Lane Departure crashes from the perspective of the ECIS driver. This
overview is intended to complement the detail provided in Chapter 4, and in particular, the examination of the
association between injury severity and driver, vehicle and other crash-related characteristics.

5.2.1

Characteristics and injury severity profile of ECIS drivers injured in Lane Departure crashes

Of the 202 ECIS drivers injured in Lane Departure crashes (50.5% of all drivers enrolled to ECIS), 66.8% were
male (n = 135) and 33.2% (n = 67) were female. There was no difference in the injury severity between male
and female drivers, with 56.3% of male and 59.7% of female drivers having sustained MAIS 3+ injuries.
The mean age of drivers was 43.0 years (Median = 39.0; Range = 18 – 92 years). The mean and median age of
male drivers (Mean = 43.1 years; Median = 40.0 years) and female drivers was similar (Mean = 42.7 years;
Median = 38.0 years). Across the MAIS severity categories there was little difference in the mean and median
age of drivers (Table 5.2).
The number of drivers in the age categories of 18 – 25 years of age (26.7%), 26 – 39 years of age (23.8%), and
40 – 59 years of age (25.7%) was similar, whilst drivers aged 60 – 75 years of age and 76 years and older
accounted for 16.8% and 6.9% of the ECIS driver sample (Table 5.2). 178 The proportion of drivers within each
age group sustaining MAIS 3+ injuries was similar, ranging from 53.7% to 59.6%.

TABLE 5.2

CHARACTERISTICS OF ECIS DRIVERS INJURED IN LANE DEPARTURE CRASHES

DEMOGRAPHIC
CHARACTERISTIC

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

SEX
Female

67

33.2%

6

9.0%

21

31.3%

40

59.7%

Male

135

66.8%

18

13.3%

41

30.4%

76

56.3%

All

202

100%

24

11.9%

62

30.7%

116

57.4%

AGE (YEARS)
Mean (SD)

43.0 (19.3)

47.4 (23.0)

40.7 (17.6)

43.3 (19.2)

Median

39.0

43.5

37.5

40.0

Range

18 – 92

18 - 92

18 – 78

18 - 84

AGE CATEGORY (YEARS)
18 - 25

54

26.7%

6

11.1%

19

35.2%

29

53.7%

26 – 39

48

23.8%

5

10.4%

15

31.3%

28

58.3%

40 – 59

52

25.7%

3

5.8%

18

34.6%

31

59.6%

60 – 75

34

16.8%

7

20.6%

7

20.6%

20

58.8%

76 +

14

6.9%

3

21.4%

3

21.4%

8

57.1%

† % by column; ‡ % by row for driver injury severity.

178 For comparison, the proportion of licences held in Victoria by age: 18 – 25 years of age: 13.5%; 26 – 39 years of age: 28.5%; 40 – 59
years: 34.9%; 60 – 75 years: 17.5%; 76+ years of age: 5.6%). Source: VicRoads. Licences as at 29/6/2014.
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5.2.2

Lane Departure crash sub-types: Number and severity of injury of drivers enrolled to the ECIS

Lane Departure crashes includes crashes where a vehicle left the road either to the left or to the right (i.e., runoff-road, or off-path), as well as Head-on crashes (Figure 5.1).
The number of ECIS drivers injured in Lane Departure crashes is presented in Table 5.3. Taken together, 128
(63.4%) ECIS drivers were injured in Off-path crashes and 74 (36.6%) were injured in Head-on crashes. While
the number of drivers injured in crashes that involved a vehicle travelling Off-path-to-left (n = 68) or Off-path
to-right was similar (n = 60), there were more drivers injured in the ECIS sample injured in Head-on crashes
that occurred on straight road sections (n = 55) than occurred on curves (n = 19).
As shown, 57.4% of ECIS drivers injured in Lane Departure crashes sustained an MAIS 3+ injury, however this
was significantly higher for drivers involved in Head-on crashes (70.3%) compared to drivers involved in Offpath crashes (50.0%) (p ≤ 0.05). Vehicles crossing the centre midline of the road (n = 134, 66.3%; 33.5% of
ECIS sample) were highly injurious with 62.7% of ECIS drivers sustaining MAIS 3+ injuries.

TABLE 5.3

NUMBER AND INJURY SEVERITY OF ECIS DRIVERS BY LANE DEPARTURE CRASH SUB-TYPE

CRASH TYPE

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

Lane departure

202

50.5%*

24

MAIS 2
11.9%

62

MAIS 3+
30.7%

116

57.4%

Off road to left

68

33.7%

11

16.2%

25

36.7%

32

47.1%

Off road to right

60

29.7%

9

15.0%

19

31.7%

32

53.3%

Head-on (curve)

19

9.4%

0

0.0%

4

21.1%

15

78.9%

Head-on (straight)

55

27.2%

4

7.3%

14

25.4%

37

67.3%

* Percent of total ECIS drivers (n = 400).
† % by column; ‡ % by row for driver injury severity.

5.2.3

Crash location, road class and speed zone of Lane Departure crashes

5.2.3.1 Crash location
Of the 202 ECIS drivers involved in Lane Departure crashes, 45.5% (n = 92) were injured in crashes that
occurred in urban Victoria 179 and 54.5% (n = 110) were injured in crashes that occurred in regional Victoria
(inner regional: 44.1%, n = 89; outer regional: 10.4%, n = 21). The MAIS severity profile of ECIS drivers injured
in urban and rural Lane Departure crashes was similar (Table 5.4).

5.2.3.2 Road classification
The ECIS sample consisted of drivers injured in Lane Departure crashes across all road classification types
(Table 5.4). Drivers injured in crashes on Local Roads (36.6%, n = 74) and C-class roads (27.2%, n = 55)
represented 63.8% of all ECIS drivers involved in Lane Departure crashes. An additional 15.8% (n = 32) were
injured in crashes that occurred on Other Arterial roads, 8.4% (n = 17) injured in crashes that occurred on Bclass roads, and 5.9% were injured in crashes that occurred on both M and A roads (n = 12).
Injury severity did not differ across road class, although the low number of drivers in the ECIS sample relative
to the six road class types and three injury severity categories constrains this analysis somewhat. The
proportion of drivers with MAIS 3+ injuries was, however, particularly high for drivers whose crash occurred
on an A-road (75.0%). The proportion of drivers that sustained an MAIS 3+ injury that occurred on a B-road
(58.8%), C-road (58.2%), Local road (58.1%) or Other Arterial roads (56.3%) was similar. As a contrast, 33.3%
of the 12 drivers injured in crashes that occurred on an M-road sustained an MAIS 3+ injury.

179 Urban defined as RA1-Major Cities; Rural defined as (RA2 Inner Regional) plus (RA3 Outer Regional + RA4 Remote).
ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 62

5.2.3.3 Speed zone
Nearly half were injured in crashes (45.5%) that occurred on roads with a 100 km/h speed limit (Table 5.4).
Drivers injured in crashes on roads with a 60 km/h speed limit (21.3%) and 80 km/h speed limit (14.9%) were
also prominent in the ECIS sample. As with the data pertaining to road classification, the low number of driver
cases in a number of speed zones limits the interpretation of injury severity.

TABLE 5.4

DRIVERS INJURED IN LANE DEPARTURE CRASHES BY ROAD CHARACTERISTIC

ROAD
CHARACTERISTIC

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

CRASH LOCATION
Urban

92

45.5%

14

15.2%

31

33.7%

47

51.1%

Regional

110

54.5%

10

9.1%

31

28.2%

69

62.7%

Inner regional

89

44.1%

10

11.2%

25

28.1%

54

60.7%

Outer regional

21

10.4%

0

0.0%

6

28.6%

15

71.4%

ROAD CLASS
M

12

5.9%

3

25.0%

5

41.7%

4

33.3%

A

12

5.9%

1

8.3%

2

16.7%

9

75.0%

B

17

8.4%

2

11.8%

5

29.4%

10

58.8%

C

55

27.2%

6

10.9%

17

30.9%

32

58.2%

Other Arterial

32

15.8%

8

25.0%

6

18.8%

18

56.3%

Local

74

36.6%

4

5.4%

27

36.5%

43

58.1%

≤ 50 km/h

12

5.9%

1

8.3%

4

33.3%

7

58.3%

60 km/h

43

21.3%

7

16.3%

13

30.2%

23

53.5%

70 km/h

17

8.4%

1

5.9%

7

41.2%

9

52.9%

80 km/h

30

14.9%

4

13.3%

10

33.3%

16

53.3%

90 km/h

4

2.0%

0

0.0%

1

25.0%

3

75.0%

100 km/h

92

45.5%

10

10.9%

26

28.3%

56

60.9%

110 km/h

4

2.0%

1

25.0%

1

25.0%

2

50.0%

SPEED ZONE

† % by column; ‡ % by row for driver injury severity.
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5.2.4

Characteristics of vehicles being driven by ECIS drivers involved in Lane Departure crashes

The mean age of vehicles was 13.7 years (SD = 10.1) and the median age was 12.0 years. The mean age of
vehicles being driven by those that sustained MAIS 1 injuries (Mean = 10.8 years; 95th% CI: 7.5 – 14.0), MAIS
2 injuries (Mean = 14.1 years, 95%CI: 11.6 – 16.6) and MAIS 3+ injuries (Mean = 14.2 years, 95%CI: 12.2 –
16.1) did not differ.
Table 5.5 presents the number and percent of vehicles being driven by ECIS drivers by year of manufacture.
The percent of vehicles holding a 5-star ANCAP safety rating, being equipped with a frontal airbag and having
ESC fitted is shown. The MAIS injury severity distribution for drivers within each year-of-manufacture
category is also presented. The proportion of vehicles with a 5-star ANCAP rating, having a frontal airbag fitted,
and having ESC fitted was higher in more recently manufactured vehicles.
More than three-quarters of vehicles involved in Lane Departure crashes manufactured since 2011 were rated
as having ANCAP 5-star safety, all had a frontal airbag fitted and the majority had ESC fitted. Notwithstanding
the low sample size per vehicle age category, fewer drivers in the most recently manufactured vehicles
sustained MAIS 3+ injuries (23.1%) compared to older vehicles (e.g., 2001-2005 manufactured vehicles:
56.9%).

TABLE 5.5

VEHICLE CHARACTERISTICS OF ECIS DRIVERS INJURED IN LANE DEPARTURE CRASHES

YEAR OF
MANUFACTURE^

ECIS
DRIVERS†

2014–2016

13

2011–2013

SAFETY RATING AND EQUIPMENT

DRIVER INJURY SEVERITY‡

ANCAP§
5- STARΦ

FRONTAL
AIRBAGΦ

ESCΦ

MAIS 1

6.4%

76.9%

100%

76.9%

4

30.7%

6

46.2%

3

23.1%

14

6.9%

78.6%

100%

92.9%

3

21.4%

3

21.4%

8

57.2%

2006–2010

45

22.3%

24.4%

95.6%

44.4%

5

11.2%

11

24.4%

29

64.4%

2001–2005

51

25.2%

7.8%

86.3%

11.8%

4

7.8%

18

35.3%

29

56.9%

1996–2000

46

22.8%

0.0%

50.0%

0.0%

6

13.0%

11

24.0%

29

63.0%

1991–1995

15

7.4%

0.0%

20.0%

0.0%

1

6.6%

7

46.7%

7

46.7%

1990 and earlier

18

8.9%

0.0%

0.0%

0.0%

1

5.6%

6

33.3%

11

61.1%

All

202

100%

17.8%

74.3%

24.3%

24

11.9%

62

30.7%

116

57.4%

MAIS 2

MAIS 3+

^Year of manufacture noting crashes occurred in the period August 2014 to December 2016. Vehicle fleet data presented in footnotes for comparison. 180 181
† % 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 commenced 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-askedquestions

This analysis does not account for pre-crash travel speed, impact speed, collision partner and other crash and
driver characteristics, all of which influence injury severity outcomes. Data concerning the fitted safety
technologies are reported here only as a means of understanding the general safety features of the crashinvolved vehicles and does not represent an effectiveness evaluation of these technologies in preventing the
crash or mitigating injury.

5.2.5

Measures of hospital resource use for ECIS drivers injured in Lane Departure crashes

The mean LOS for drivers injured in Lane Departure crashes was 10.3 days (Median = 7.0; Range = 2.0 – 43.0)
however the mean LOS was longer for drivers injured in Head-on crashes (Mean = 12.2, 95%CI: 9.9 – 14.4,
Median = 9.0) than for drivers injured in Off-path crashes (Mean = 9.3, 95%CI: 7.9 – 10.6, Median = 7.0) (p
≤ 0.05). A higher proportion of drivers injured in Head-on crashes had a LOS of greater than 14 days (31.1%)
compared to drivers injured in Off-path crashes (18.8%) (p ≤ 0.05).

180 2016 Registered passenger vehicle / light commercial fleet, Victoria. Australian Bureau of Statistics, Motor Vehicle Census 2019
[microdata]. Vehicle year of manufacture distribution is as follows: 1990 and earlier: 3.2%; 1991-1995: 3.5%; 1996-2000: 10.4%; 20012005: 20.3%; 2006-2010: 25.9%; 2011-2013: 17.8%; 2014-2016: 18.9%.
181 2019 Registered passenger vehicle / light commercial fleet, Victoria. Australian Bureau of Statistics, Motor Vehicle Census 2020
[microdata]. Vehicle year of manufacture distribution is as follows: 1990 and earlier: 8.4%; 1991-1995: 3.8%; 1996-2000: 7.3%; 20012005: 16.0%; 2006-2010: 25.0%; 2011-2013: 18.8%; 2014-2016: 24.5%; 2017-2019: 28.8%.
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LOS data by Lane Departure crash sub-type is provided in Table 5.6. Drivers injured in Head-on crashes on
straight road sections had the longest LOS (13.0 days) with 34.5% being an acute hospital in-patient for longer
than 14 days. It is of interest to note that the LOS outcomes for drivers injured in Off-road-to-right and Headon crashes on curves were similar. Drivers injured in Off-road-to-left crashes had the shortest LOS (8.7 days),
this being similar to the overall ECIS driver sample (8.6 days, see Chapter 4, Table 4.3). These data highlight
the highly injurious nature of Lane Departure crashes, and Head-on crashes in particular.
Nearly half of the drivers (47.5%) were discharged to a rehabilitation hospital although this was higher for
drivers injured in Head-on crashes (58.1%; curve: 63.2%; straight: 56.4%) than for drivers injured in Off-path
crashes (41.4%; to left: 39.7%; to right: 43.3%) (p ≤ 0.05). Two ECIS drivers injured in Head-on (straight)
crashes died.

TABLE 5.6

LENGTH OF STAY AND DISCHARGE STATUS

RESOURCE USE /
OUTCOME

ALL LANE
DEPARTURE
CRASHES

LANE DEPARTURE CRASH SUB-TYPE
OFF ROAD TO
LEFT

OFF ROAD TO
RIGHT

HEAD-ON
(CURVE)

HEAD-ON
(STRAIGHT)

LENGTH OF STAY (LOS)
Mean (SD)

10.3 (8.6)

8.7 (7.4)

9.9 (8.3)

9.9 (5.4)

13.0 (10.5)

Median

7.0

6.0

7.0

8.0

9.0

Range

2.0 – 43.0

2.0 - 37.0

2.0 – 38.0

3.0 – 22.0

2.0 – 43.0

% > 14 days (N)

23.3% (47)

14.7% (10)

23.3% (14)

21.1% (14)

34.5% (19)

Home

105

52.0%

41

60.3%

34

56.7%

7

36.8%

23

41.8%

Rehabilitation, or
other

96

47.5%

27

39.7%

26

43.3%

12

63.2%

31*

56.4%*

Died in hospital

1

0.5%

0

0.0%

0

0.0%

0

0.0%

1

1.8%

DISCHARGE STATUS†

† % by column; * 1 driver discharged to rehabilitation later died.

In addition to the two ECIS drivers that died, a further 12 persons involved in a Lane Departure crash died (14
deaths in total). These were occupants of vehicles of the ECIS driver (n = 2), or drivers / occupants of other
involved vehicles (n = 10). Of the 14 persons killed, 13 people died as a result of injuries sustained in head-on
crashes (straight road section: 10; curve: 3) and one person died as a result of injuries sustained in an off-path
(right) crash. These deaths occurred in 13 crashes as one crash involved two occupants being killed.

5.2.6

Financial impact of Lane Departure crashes to the TAC and to the Victorian community 182

The estimated financial cost to the TAC and the community for Lane Departure crashes is presented in Table
5.7. Overall, the mean estimated direct cost to the TAC of ECIS drivers injured in Lane Departure crashes was
$280,000 with the mean community-based cost being approximately $945,600. There was significant
variation in the costs across the crash sub-types. The crash-based costs were higher due to inclusion of all
involved persons.

TABLE 5.7

FINANCIAL (MEAN) COST OF INJURY

CRASH TYPE
Lane departure

ESTIMATED DIRECT COST TO THE TAC

COMMUNITY-BASED COSTS

ECIS DRIVER

CRASH

ECIS DRIVER

CRASH

$280,000

$360,000

$945,600

$1,410,500

Off road to left

$150,000

$150,000

$650,400

$673,500

Off road to right

$210,000

$360,000

$1,108,500

$1,270,500

Head-on (curve)

$360,000

$460,000

$736,100

$2,247,300

Head-on (straight)

$480,000

$590,000

$1,205,400

$2,230,000

182 Total direct cost to TAC of Lane Departure crashes in the ECIS sample was $71.5 million and the community-based cost was $280.6
million. For ECIS drivers only, the direct cost to TAC was $56.0 million and the community-based cost was $190.0 million.
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5.3

ACROSS PATH CRASHES

This Section provides an overview of Across Path crashes from the perspective of the ECIS driver. This overview
is intended to complement the detail provided in Chapter 4, and in particular, the examination of the
association between injury severity and driver, vehicle and other crash-related characteristics.

5.3.1

Characteristics and injury severity profile of ECIS drivers injured in Across Path crashes

Of the 400 ECIS drivers, 120 (30.0%) were injured in Across Path crashes (Male: 42.5%, n = 51; Female:
57.5%, n = 69). There was no difference in the injury severity between male and female drivers injured in these
crashes, with 43.1% of male and 45.0% of female drivers having sustained MAIS 3+ injuries.
The mean age of drivers was 56.4 years (Median = 59.0; Range = 18 – 93 years) and the mean and median age
of male (Mean = 57.7 years; Median = 59.0 years) and female drivers was similar (Mean = 55.4 years; Median
= 59.0 years). Drivers who sustained either an MAIS 2 or MAIS 3+ injury were significantly older than drivers
who sustained MAIS 1 injuries (Table 5.8) (p ≤ 0.05).
The age distribution of ECIS drivers injured in Across Path crashes is presented in Table 5.8. 183 Of note was
that three-quarters of drivers were aged 40 years or older. Within each age category the proportion of drivers
sustaining MAIS 1, MAIS 2 and MAIS 3+ injuries are shown. The highest proportion of drivers injured at the
MAIS 3+ severity level were 18 – 25 years of age (53.8%).

TABLE 5.8

CHARACTERISTICS OF ECIS DRIVERS INJURED IN ACROSS PATH CRASHES

DEMOGRAPHIC
CHARACTERISTIC

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

SEX
Female

69

57.5%

19

27.5%

19

27.5%

31

45.0%

Male

51

42.5%

8

15.7%

21

41.2%

22

43.1%

All

120

100%

27

22.5%

40

33.3%

53

44.2%

AGE (YEARS)
Mean (SD)

56.4 (20.7)

44.1 (15.9)

64.3 (19.8)

56.6 (20.7)

Median

59.0

42.0

68.0

59.0

Range

18 – 93

19 – 73

18 - 93

19 - 93

AGE CATEGORY (YEARS)
18 - 25

13

10.8%

3

23.1%

3

23.1%

7

53.8%

26 – 39

17

14.1%

10

58.8%

2

11.8%

5

29.4%

40 – 59

32

26.7%

8

25.0%

9

28.1%

15

46.9%

60 – 75

32

26.7%

6

18.7%

11

34.4%

15

46.9%

76 +

26

21.7%

0

0.0%

15

57.7%

11

42.3%

† % by column; ‡ % by row for driver injury severity.

183 For comparison, the proportion of licences held in Victoria by age: 18 – 25 years of age: 13.5%; 26 – 39 years of age: 28.5%; 40 – 59
years: 34.9%; 60 – 75 years: 17.5%; 76+ years of age: 5.6%). Source: VicRoads. Licences as at 29/6/2014.
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5.3.2

Across Path crash sub-types: Number and injury severity of ECIS drivers

Across Path crashes were defined as crashes where a vehicle enters a carriageway, where a vehicle turns across
traffic, or where a vehicle crosses the path of another vehicle at a standard intersection (Figure 5.1).
The number of ECIS drivers injured in Across Path crashes is presented in Table 5.9. By sub-type, 56 ECIS
drivers were injured in cross traffic crashes, 43 were injured in crashes where a vehicle entered a carriageway
across the path of another vehicle, and 21 crashes involved one vehicle turning across the path of another.
While there was no statistical difference in the injury severity of ECIS drivers between the three Across Path
crash types, slightly more than half of the ECIS drivers injured in cross traffic crashes sustained MAIS 3+
injuries. An important consideration here is that the impact configuration plays an important role in
determining the severity of injury, and no differentiation is made on this point nor whether the ECIS case
driver was the striking or struck vehicle.

TABLE 5.9

NUMBER AND INJURY SEVERITY OF ECIS DRIVERS BY ACROSS PATH CRASH SUB-TYPE

CRASH TYPE

ECIS DRIVERS†a

DRIVER INJURY SEVERITY‡
MAIS 1b

Across Path

120

30.0%*

27

MAIS 2c
22.5%

40

MAIS 3+d
33.3%

53

44.2%

Enter carriageway

43

35.8%

10

23.3%

16

37.2%

17

39.5%

Turn across

21

17.5%

4

19.0%

11

52.4%

6

28.6%

Cross traffic

56

46.7%

13

23.2%

13

23.2%

30

53.6%

* Percent of total ECIS drivers (n = 400).
At traffic lights: a38.3%, n= 46; b20.9%, n = 9, c4.8%, n = 1; d64.3%, n = 36.

5.3.3

Crash location, road class and speed zone of Across Path crashes

5.3.3.1 Crash location
The majority of Across Path crashes occurred in urban Victoria (78.3%), with 21.7% occurring in regional
areas. 184 Crashes in regional Victoria were further divided into those that occurred in Inner regional Victoria
(18.3%) and Outer regional Victoria (3.3%). Crashes in Regional Victoria were more severe, with 69.2% of ECIS
drivers sustaining MAIS 3+ injuries compared to 37.2% of drivers injured in urban Across Path crashes (p ≤
0.05).

5.3.3.2 Road classification
Nearly half of Across Path crashes in the ECIS sample occurred on Other Arterial roads (45.8%) and 20.8%
occurred on C-class roads (Table 5.10). Of note was the marked difference in the severity of injury sustained
by drivers involved in crashes on these two types of roads, with 26.2% of ECIS drivers injured in crashes on
Other Arterial roads sustaining MAIS 3+ injuries compared to 66.6% of drivers injured in crashes on C-class
roads.
A smaller number of drivers were injured in crashes on M, A and B-class roads with 50% to 60% sustaining
MAIS 3+ injuries.

5.3.3.3 Speed zone
The number and injury distribution for drivers involved in Across Path crashes by speed zone is presented in
Table 5.10. A higher proportion of drivers were injured in Across Path crashes that occurred on roads with a
60 km/h speed limit (34.2%), an 80 km/h speed limit (33.3%) and a 100 km/h speed limit (16.7%) than on
roads with a 70 km/h speed limit (10.8%). A small number of drivers were injured in Across Path crashes in
50 km/h speed zones (5.0%).
There was marked variation in the injury severity profile of ECIS drivers across the different speed zones,
however the relatively low number of cases precludes definitive conclusions being drawn on the association
between the speed limit and injury severity. As stated previously, other factors such as impact angle, driver
demographics and vehicle safety can all influence injury outcomes. Nonetheless the high proportion of drivers
that sustained MAIS 3+ injuries (70.0%) having had a crash in a 100 km/h speed zone is notable.

184 Urban defined as RA1-Major Cities; Rural defined as (RA2 Inner Regional) plus (RA3 Outer Regional + RA4 Remote).
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TABLE 5.10

DRIVERS INJURED IN ACROSS PATH CRASHES BY ROAD CHARACTERISTIC

ROAD
CHARACTERISTIC

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

CRASH LOCATION
Urban

94

78.3%

25

26.6%

34

36.2%

35

37.2%

Regional

26

21.7%

2

7.7%

6

23.1%

18

69.2%

Inner regional

22

18.3%

1

4.5%

4

18.2%

17

77.3%

Outer regional

4

3.3%

1

25.0%

3

50.0%

1

25.0%

ROAD CLASS
M

9

7.5%

1

20.0%

1

20.0%

3

60.0%

A

7

5.8%

3

50.0%

0

0.0%

3

50.0%

B

7

5.8%

0

0.0%

2

40.0%

3

60.0%

C

25

20.8%

3

16.7%

3

16.7%

12

66.6%

Other Arterial

55

45.8%

9

21.4%

22

52.4%

11

26.2%

Local

17

14.2%

11

25.0%

12

27.3%

21

47.7%

≤ 50 km/h

6

5.0%

0

0.0%

2

33.3%

4

66.7%

60 km/h

41

34.2%

13

31.7%

10

24.4%

18

43.9%

70 km/h

13

10.8%

3

23.0%

5

38.5%

5

38.5%

80 km/h

40

33.3%

10

25.0%

18

45.0%

12

30.0%

90 km/h

0

0.0%

0

0.0%

0

0.0%

0

0.0%

100 km/h

20

16.7%

1

5.0%

5

25.0%

14

70.0%

110 km/h

0

0.0%

0

0.0%

0

0.0%

0

0.0%

SPEED ZONE

† % by column; ‡ % by row for driver injury severity.
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5.3.4

Characteristics of vehicles being driven by ECIS drivers involved in Across Path crashes

The mean age of vehicles was 11.5 years (SD = 7.7) and the median age was 10.0 years. The mean age of vehicles
being driven by those that sustained MAIS 1 injuries (Mean = 8.8 years; 95th% CI: 6.4 – 11.2), MAIS 2 injuries
(Mean = 11.8 years, 95%CI: 8.7 – 14.9) and MAIS 3+ injuries (Mean = 12.6 years, 95%CI: 10.8 – 14.4) did not
differ.
Table 5.11 presents the number and percent of vehicles being driven by ECIS drivers by year of manufacture.
The percent of vehicles holding a 5-star ANCAP safety rating, being equipped with a frontal airbag and having
ESC fitted is shown. The MAIS injury severity distribution for drivers within each year-of-manufacture
category is also presented. The proportion of vehicles with a 5-star ANCAP rating, having a frontal airbag fitted,
and having ESC fitted was higher in more recently manufactured vehicles.
All 2014-2016 manufactured vehicles and 81.3% of 2011-2013 manufactured vehicles involved in Across Path
crashes were rated as having ANCAP 5-star safety; all of these vehicles had a frontal airbag and ESC fitted.
While 100% of 2006-2010 vehicles had a frontal airbag, 30.3% of these vehicles held a 5-star ANCAP safety
rating and 48.5% had ESC fitted.

TABLE 5.11

VEHICLE CHARACTERISTICS OF ECIS DRIVERS INJURED IN ACROSS PATH CRASHES

YEAR OF
MANUFACTURE^

ECIS
DRIVERS†

2014–2016

8

2011–2013

SAFETY RATING AND EQUIPMENT

DRIVER INJURY SEVERITY‡

ANCAP§
5- STARΦ

FRONTAL
AIRBAGΦ

ESCΦ

MAIS 1

6.7%

100%

100%

100%

3

37.5%

4

50.0%

1

12.5%

16

13.3%

81.3%

100%

100%

4

25.0%

6

37.5%

6

37.5%

2006–2010

33

27.5%

30.3%

100%

48.5%

12

36.4%

10

30.3%

11

33.3%

2001–2005

30

25.0%

0.0%

86.7%

6.7%

4

13.3%

7

23.3%

19

63.3%

1996–2000

20

16.7%

0.0%

60.0%

0.0%

3

15.0%

7

35.0%

10

50.0%

1991–1995

5

4.1%

0.0%

18.5%

0.0%

0

2

40.0%

3

60.0%

1990 and earlier

8

6.7%

0.0%

0.0%

0.0%

1

12.5%

4

50.0%

3

37.5%

All

120

100%

25.8%

79.2%

35.0%

27

22.5%

40

33.3%

53

44.2%

MAIS 2

MAIS 3+

^Year of manufacture noting crashes occurred in the period August 2014 to December 2016. Vehicle fleet data presented in footnotes for comparison. 185 186
† % 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 commenced 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-askedquestions

This analysis does not account for pre-crash travel speed, impact speed, collision partner and other crash and
driver characteristics, all of which influence injury severity outcomes. Data concerning the fitted safety
technologies are reported here only as a means of understanding the general safety features of the crashinvolved vehicles and does not represent an effectiveness evaluation of these technologies in preventing the
crash or mitigating injury.

185 2016 Registered passenger vehicle / light commercial fleet, Victoria. Australian Bureau of Statistics, Motor Vehicle Census 2019
[microdata]. Vehicle year of manufacture distribution is as follows: 1990 and earlier: 3.2%; 1991-1995: 3.5%; 1996-2000: 10.4%; 20012005: 20.3%; 2006-2010: 25.9%; 2011-2013: 17.8%; 2014-2016: 18.9%.
186 2019 Registered passenger vehicle / light commercial fleet, Victoria. Australian Bureau of Statistics, Motor Vehicle Census 2020
[microdata]. Vehicle year of manufacture distribution is as follows: 1990 and earlier: 8.4%; 1991-1995: 3.8%; 1996-2000: 7.3%; 20012005: 16.0%; 2006-2010: 25.0%; 2011-2013: 18.8%; 2014-2016: 24.5%; 2017-2019: 28.8%.
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5.3.5

Measures of hospital resource use for ECIS drivers injured in Across Path crashes

The mean LOS for drivers injured in Across Path crashes was 7.0 days (Median = 5.0; Range = 2.0 – 39.0) and
was similar across the crash sub-types (Table 5.12). Most drivers had a LOS of 14 days or less (93.3%, n = 112)
with 8 drivers (6.7%) having an acute care stay of more than 14 days.
Two-thirds of drivers (65.8%) were discharged from the acute care hospital to home, with 34.2% discharged to
a rehabilitation centre for further care. While none of the ECIS drivers injured in Across Path crashes died, two
other involved road users died as a result of their injuries.

TABLE 5.12

LENGTH OF STAY AND DISCHARGE STATUS

RESOURCE USE /
OUTCOME

ALL ACROSS PATH
CRASHES

ACROSS PATH CRASH SUB-TYPE
TO ENTER
CARRIAGEWAY

TURN ACROSS

CROSS TRAFFIC

LENGTH OF STAY (LOS)
Mean (SD)

7.0 (5.9)

6.5 (5.2)

6.4 (3.6)

7.6 (7.1)

Median

5.0

5.0

5.0

5.5

Range

2.0 – 39.0

2.0 - 25.0

2.0 – 14.0

2.0 – 39.0

% > 14 days (N)

6.7% (8)

7.0% (3)

0.0% (0)

8.9% (5)

Home

79

65.8%

27

62.8%

15

71.4%

37

66.1%

Rehabilitation, or
other

41

34.2%

16

37.2%

6

28.6%

19

33.9%

Died in hospital

0

0.0%

0

0.0%

0

0.0%

0

0.0%

DISCHARGE STATUS†

† % by column.

5.3.6

Financial impact of Across Path crashes to the TAC and to the Victorian community 187

The estimated financial cost to the TAC and the community for Across Path crashes is presented in Table 5.13.
Overall, the mean estimated direct cost to the TAC of ECIS drivers injured in Across Path crashes was $110,000
with the mean community-based cost being $448,000. There was significant variation in the costs across the
crash sub-types. The crash-based costs were higher due to inclusion of all involved persons.

TABLE 5.13

FINANCIAL (MEAN) COST OF INJURY

CRASH TYPE
Across Path

ESTIMATED DIRECT COST TO THE TAC

COMMUNITY-BASED COSTS

ECIS DRIVER

CRASH

ECIS DRIVER

CRASH

$110,000

$140,000

$448,000

$710,000

Enter carriageway

$110,000

$140,000

$305,000

$567,000

Turn across

$70,000

$70,000

$533,500

$551,400

Cross traffic

$130,000

$170,000

$525,600

$875,800

187 Total direct cost to TAC of Across Path crashes in the ECIS sample was $16.5 million and the community-based cost was $83.0
million. For ECIS drivers only, the direct cost to TAC was $13.2 million and the community-based cost was $53.7 million.
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5.4

REAR IMPACT CRASHES

This Section provides an overview of Rear Impact crashes from the perspective of the ECIS driver. This
overview is intended to complement the detail provided in Chapter 4, and in particular, the examination of the
association between injury severity and driver, vehicle and other crash-related characteristics.

5.4.1

Characteristics and injury severity profile of ECIS drivers injured in Rear Impact crashes

Within the ECIS sample of 400 drivers, 69 (17.3%) were injured in Rear Impact crashes. 188 Of these 69 drivers,
37 (53.6%) were female and 32 (46.4%) were male. There was no difference in the injury severity between male
and female drivers, with 21.9% of male and 18.9% of female drivers having sustained MAIS 3+ injuries.
The mean age of drivers was 53.0 years (Median = 55.0; Range = 19 – 92 years). The mean and median age of
male drivers (Mean = 54.2 years; Median = 55.0 years) and female drivers was similar (Mean = 52.1 years;
Median = 55.0 years). Across the MAIS severity categories, drivers who sustained MAIS 2 and MAIS 3+
injuries were slightly older than drivers who sustained MAIS 1 injuries (Table 5.14).
The age distribution of ECIS drivers injured in Rear Impact crashes is presented in Table 5.14. 189 There were
few drivers in the ECIS sample aged 18 – 25 years (8.7%), 20.3% were aged 26 – 39 years of age and 30.4%
were 40 – 59 years of age; a high proportion of drivers were aged 60 years of age and older (40.5%). While
there is some variation in the injury severity profile across the age of drivers, the low number of drivers across
the age and injury categories limits the interpretation of the data. A point of contrast is however the lower
proportion of drivers across each age category that sustained an MAIS 3+ injury compared to drivers injured
in Lane Departure and Across Path crashes.

TABLE 5.14

CHARACTERISTICS OF ECIS DRIVERS INJURED IN REAR IMPACT CRASHES

DEMOGRAPHIC
CHARACTERISTIC

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

SEX
Female

37

53.6%

17

45.9%

13

35.1%

7

18.9%

Male

32

46.4%

15

46.9%

10

31.3%

7

21.9%

All

69

100%

32

46.4%

23

33.3%

14

20.3%

AGE (YEARS)
Mean (SD)

53.0 (20.1)

48.0 (20.4)

57.5 (20.5)

57.4 (20.5)

Median

55.0

44.5

55.0

58.5

Range

19 – 92

19 - 91

26 - 92

19 - 82

AGE CATEGORY (YEARS)
18 - 25

6

8.7%

5

83.3%

0

0.0%

1

16.7%

26 – 39

14

20.3%

8

57.1%

5

35.7%

1

7.1%

40 – 59

21

30.4%

8

38.1%

7

33.3%

6

28.6%

60 – 75

19

27.5%

9

47.3%

6

31.6%

4

21.1%

76 +

9

13.0%

2

22.2%

5

55.6%

2

22.2%

† % by column; ‡ % by row for driver injury severity.

188 ECIS driver: ‘striking’ vehicle (frontal impact): 41 of 69, 59.4%; struck vehicle (rear impact): 28 of 69, 40.5%.
189 For comparison, the proportion of licences held in Victoria by age: 18 – 25 years of age: 13.5%; 26 – 39 years of age: 28.5%; 40 – 59
years: 34.9%; 60 – 75 years: 17.5%; 76+ years of age: 5.6%). Source: VicRoads. Licences as at 29/6/2014.
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5.4.2

Rear Impact crash sub-types: Number and severity of injury of drivers enrolled to the ECIS

Three Rear Impact crash sub-types were defined: 1. Into a parked vehicle at a midblock location; 2. Into a
vehicle at an intersection; 3. Into a vehicle in traffic at a midblock location. For crash sub-types 2 and 3, the
struck vehicle was either stationary or moving. These categories also included rear panel side-swipe impacts
(Figure 5.1).
By sub-type, 25 ECIS drivers were involved in a Rear Impact crash that occurred at an intersection (18 struck;
9 striking), 27 were injured in a Rear Impact crash that occurred in midblock traffic (12 struck; 15 striking, and
17 were injured in crashes where they impacted a parked vehicle (Table 5.15).
The proportion of drivers who sustained MAIS 3+ injuries was low (20.3%), particularly when compared to
drivers involved in Lane Departure and Across Path crashes. Approximately half sustained MAIS 1 injuries
(46.4%) and between 28.0% and 41.2% sustained MAIS 2 injuries. The analysis is confounded however by
impact direction, and with the exception of ECIS drivers impacting parked vehicles, the MAIS data reflects
both frontal and rear impact collisions. The purpose of presenting this analysis is to serve as a context for the
analysis of crash-based contributing factors rather than an analysis of injury risk per se.

TABLE 5.15

NUMBER AND INJURY SEVERITY OF ECIS DRIVERS BY REAR IMPACT CRASH SUB-TYPE

CRASH TYPE

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

Rear Impact

69

17.3%*

32

MAIS 2
46.4%

23

MAIS 3+
33.3%

14

20.3%

At intersection

25

36.2%

12

48.0%

7

28.0%

6

24.0%

In traffic (Midblock)

27

39.1%

12

44.4%

9

33.3%

6

22.2%

Into parked vehicle in
midblock

17

24.6%

8

47.1%

7

41.2%

2

11.8%

* Percent of total ECIS drivers (n = 400).

5.4.3

Crash location, road class and speed zone of Rear Impact crashes

5.4.3.1 Crash location
Most of the ECIS drivers were injured in crashes that occurred in urban Victoria (88.4%, n = 61), with 8 (11.6%)
having occurred in regional Victoria (Inner regional: 7 of 8). 190
That 75.0% (i.e., 6 of 8) of drivers injured in rural crashes sustained MAIS 3+ injuries in contrast to 13.1% of
drivers injured in urban crashes is notable. This result likely reflects differences in the impact speed of involved
vehicles and other crash-related factors and the resultant need for high level medical care. As such, this
difference reflects the ECIS sampling protocol and relatively low number of drivers in this crash category.
Nevertheless, a detailed examination of these crashes in relation to countermeasure development is warranted
given their severity.

5.4.3.2 Road classification
A high proportion of Rear Impact crashes occurred on Other Arterial roads (46.4%) and M-class roads (29.0%).
Crashes on Local roads were also prominent (15.9%). The bimodal injury distribution is suggestive of drivers
being injured in either very high-speed rear impact crashes or the impact occurring at a relatively low speed.

5.4.3.3 Speed zone
The number and injury distribution for drivers involved in Rear Impact crashes by speed zone is presented in
Table 5.16. In total, 23 (33.3%) drivers were injured in crashes that occurred on a road with a 60 km/h speed
limit and 16 (23.2%) occurred on a road with a 100 km/h speed limit, highlighting the bimodal nature of the
Rear Impact driver sample with respect to impact severity. This can also be seen by 10 of the 14 (71.4%) ECIS
drivers that sustained MAIS 3+ injuries being injured in crashes that occurred on roads with a speed limit of
80 km/h or higher.
Earlier comments concerning sample size limitations and the influence of crash and driver demographic
factors in relation to the association between speed zone and injury severity apply here.

190 Urban defined as RA1-Major Cities; Rural defined as (RA2 Inner Regional) plus (RA3 Outer Regional + RA4 Remote).
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TABLE 5.16

DRIVERS INJURED IN REAR IMPACT CRASHES BY ROAD CHARACTERISTIC

ROAD
CHARACTERISTIC

ECIS DRIVERS†

DRIVER INJURY SEVERITY‡
MAIS 1

MAIS 2

MAIS 3+

CRASH LOCATION
Urban

61

88.4%

31

50.8%

22

36.1%

8

13.1%

Regional

8

11.6%

1

12.5%

1

12.5%

6

75.0%

Inner regional

7

10.1%

1

14.3%

1

14.3%

5

71.4%

Outer regional

1

1.4%

0

0.0%

0

0.0%

1

100%

ROAD CLASS
M

20

29.0%

8

40.0%

8

40.0%

4

20.0%

A

1

1.4%

0

0.0%

0

0.0%

1

100%

B

2

2.9%

0

0.0%

0

0.0%

2

100%

C

3

4.3%

0

0.0%

1

33.3%

2

66.7%

Other Arterial

32

46.4%

17

54.8%

11

35.5%

3

9.7%

Local

11

15.9%

7

58.3%

3

25.0%

2

16.7%

≤ 50 km/h

7

10.1%

5

71.4%

2

28.6%

0

0.0%

60 km/h

23

33.3%

16

69.6%

5

21.7%

2

8.7%

70 km/h

9

13.0%

2

22.2%

5

55.6%

2

22.2%

80 km/h

13

18.8%

6

46.2%

6

46.2%

1

7.7%

90 km/h

1

1.4%

0

0.0%

0

0.0%

1

100%

100 km/h

16

23.2%

3

18.8%

5

31.3%

8

50.0%

110 km/h

0

0.0%

0

0.0%

0

0.0%

0

0.0%

SPEED ZONE

† % by column; ‡ % by row for driver injury severity.
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5.4.4

Characteristics of vehicles being driven by ECIS drivers involved in Rear Impact crashes

The mean age of vehicles was 10.5 years (SD = 8.0) and the median age was 9.0 years. Drivers with MAIS 3+
injuries were in older vehicles (Mean = 14.3 years, 95%CI: 9.1 – 19.5) compared to drivers with MAIS 1 injuries
(Mean = 8.1 years; 95th% CI: 5.8 – 10.3) and those who sustained MAIS 2 injuries (Mean = 11.7 years, 95%CI:
7.9 – 15.5) (p ≤ 0.05).
Table 5.17 presents the number and percent of vehicles being driven by ECIS drivers by year of manufacture.
The percent of vehicles holding a 5-star ANCAP safety rating, being equipped with a frontal airbag and having
ESC fitted is shown. The MAIS injury severity distribution for drivers within each year-of-manufacture
category is also presented. The proportion of vehicles with a 5-star ANCAP rating, having a frontal airbag fitted,
and having ESC fitted was higher in more recently manufactured vehicles.

TABLE 5.17

VEHICLE CHARACTERISTICS OF ECIS DRIVERS INJURED IN REAR IMPACT CRASHES

YEAR OF
MANUFACTURE^

ECIS
DRIVERS†

2014–2016

8

2011–2013

SAFETY RATING AND EQUIPMENT

DRIVER INJURY SEVERITY‡

ANCAP§
5- STARΦ

FRONTAL
AIRBAGΦ

ESCΦ

MAIS 1

11.6%

87.5%

100%

100%

5

62.5%

2

25.0%

1

12.5%

9

13.0%

55.6%

100%

100%

6

66.7%

3

33.3%

0

0.0%

2006–2010

19

27.5%

47.4%

100%

57.9%

9

47.4%

6

31.6%

4

21.0%

2001–2005

20

29.0%

5.0%

95.0%

15.0%

9

45.0%

7

35.0%

4

20.0%

1996–2000

3

4.3%

0.0%

33.3%

0.0%

1

33.3%

1

33.3%

1

33.3%

1991–1995

7

10.1%

0.0%

28.6%

14.3%

1

14.%

3

42.9%

3

42.9%

1990 and earlier

3

4.3%

0.0%

0.0%

0.0%

1

33.3%

1

33.3%

1

33.3%

All

69

100%

31.9%

84.1%

46.4%

32

46.4%

23

33.3%

14

20.3%

MAIS 2

MAIS 3+

comparison. 191 192

^Year of manufacture noting crashes occurred in the period August 2014 to December 2016. Vehicle fleet data presented in footnotes for
† % 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 commenced 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-askedquestions

This analysis does not account for pre-crash travel speed, impact speed, collision partner and other crash and
driver characteristics, all of which influence injury severity outcomes. Data concerning the fitted safety
technologies are reported here only as a means of understanding the general safety features of the crashinvolved vehicles and does not represent an effectiveness evaluation of these technologies in preventing the
crash or mitigating injury.

191 2016 Registered passenger vehicle / light commercial fleet, Victoria. Australian Bureau of Statistics, Motor Vehicle Census 2019
[microdata]. Vehicle year of manufacture distribution is as follows: 1990 and earlier: 3.2%; 1991-1995: 3.5%; 1996-2000: 10.4%; 20012005: 20.3%; 2006-2010: 25.9%; 2011-2013: 17.8%; 2014-2016: 18.9%.
192 2019 Registered passenger vehicle / light commercial fleet, Victoria. Australian Bureau of Statistics, Motor Vehicle Census 2020
[microdata]. Vehicle year of manufacture distribution is as follows: 1990 and earlier: 8.4%; 1991-1995: 3.8%; 1996-2000: 7.3%; 20012005: 16.0%; 2006-2010: 25.0%; 2011-2013: 18.8%; 2014-2016: 24.5%; 2017-2019: 28.8%.
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5.4.5

Measures of hospital resource use for ECIS drivers injured in Rear Impact crashes

The mean LOS for drivers injured in Rear Impact crashes was 6.3 days (Median = 3.0; Range = 1.0 – 28.0).
There was a trend toward a longer LOS for drivers involved in intersection rear impact crashes and for those
involved in crashes into a parked vehicle (Table 5.12) (p = 0.09). 193
Most drivers had a LOS of 14 days of less (88.4%). Of the 8 drivers (11.6%) with LOS of more than 14 days, 4
were injured in at intersection rear impact crashes, 1 was injured in a rear impact in traffic crash, and 3 were
injured in a crash into a parked vehicle. Given the sample size, these drivers would more heavily influence the
mean LOS, hence the median LOS is also of value in understanding the severity profile of injured drivers.
Most drivers (79.7%) were discharged directly home from hospital and 20.3% were discharged to a
rehabilitation centre for further care, although this was higher for drivers that crashed into a parked vehicle
(29.4%). None of the ECIS drivers injured (or other persons) involved in these Rear Impact crashes died.

TABLE 5.18

LENGTH OF STAY AND DISCHARGE STATUS

RESOURCE USE /
OUTCOME

ALL REAR IMPACT
CRASHES

REAR IMPACT CRASH SUB-TYPE
AT INTERSECTION

IN TRAFFIC
(MIDBLOCK)

INTO PARKED
VEHICLE

LENGTH OF STAY (LOS)
Mean (SD)

6.3 (6.6)

7.6 (8.0)

4.1 (4.0)

7.8 (7.2)

Median

3.0

4.0

3.0

4.0

Range

1.0 – 28.0

1.0 - 28.0

2.0 – 20.0

1.0 – 24.0

% > 14 days (N)

11.6% (8)

16.0% (4)

3.7% (1)

17.6% (3)

Home

55

79.7%

19

76.0%

24

88.9%

12

70.6%

Rehabilitation, or
other

14

20.3%

6

24.0%

3

11.1%

5

29.4%

Died in hospital

0

0.0%

0

0.0%

0

0.0%

0

0.0%

DISCHARGE STATUS†

† % by column.

5.4.6

Financial impact of Rear Impact crashes to the TAC and to the Victorian community 194

The estimated financial cost to the TAC and the community for Rear Impact crashes is presented in Table 5.19.
Overall, the mean estimated direct cost to the TAC of ECIS drivers injured in Rear Impact crashes was $90,000
with the mean community-based cost being $514,500. These estimated crash costs varied across the crash subtypes. The crash-based costs were higher due to inclusion of all involved persons in the crash.

TABLE 5.19

FINANCIAL (MEAN) COST OF INJURY

CRASH TYPE
Rear Impact

ESTIMATED DIRECT COST TO THE TAC

COMMUNITY-BASED COSTS

ECIS DRIVER

CRASH

ECIS DRIVER

CRASH

$90,000

$110,000

$514,500

$620,400

At intersection

$110,000

$130,000

$744,400

$934,000

In traffic (midblock)

$80,000

$120,000

$532,800

$625,700

Into parked vehicle in
midblock

$70,000

$80,000

$147,400

$151,100

193 While other factors play a role, LOS can also be influenced by age and co-morbid health factors, the latter of which may have been a
contributing factor to the crash; this is explored in Chapter 6. The age profile of ECIS drivers across the three rear impact crash types did
not differ: In traffic (midblock) impacts, Mean = 49.1 years (95%CI: 41.3 – 56.9; Median = 46 years); At intersection: Mean = 54.3 years
(95%CI: 46.6 – 61.9 years; Median = 55 years); Into parked, Mean = 57.5 years (95%CI: 45.8 – 69.3; Median = 63 years).
194 Total direct cost to TAC of Rear Impact crashes in the ECIS sample was $7.6 million and the community-based cost was $42.1
million. For ECIS drivers only, the direct cost to TAC was $6.3 million and the community-based cost was $35.5 million.
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5.5

CRASHES CLASSIFIED AS ‘OTHER’

The crashes of nine drivers enrolled to the ECIS program were classified as ‘Other’, representing 2.2% of the
ECIS sample. These crashes could not alone be classified as Lane Departure, Across Path or Rear Impact
crashes due to multiple vehicle movements and/or unusual vehicle movements and manoeuvres immediately
preceding the crash.
Five of the nine drivers (55.6%) were male and 4 were female (44.4%). The mean age of male and female drivers
was 66.4 years of age (SD = 18.2 years, Median = 77.0; Range = 42 – 83) and 76.5 years of age (SD = 6.8 years,
Median = 75.0; Range = 70.0 – 85.0) respectively. The overall mean age was 70.9 years (SD = 14.5 years,
Median = 77.0; Range = 42.0 – 85.0). Five (55.6%) drivers were 76 years of age and older, two (22.2%) were
between 60 – 75 years of age, and 2 (22.2%) were aged between 40 – 59 years.
Five of the nine drivers sustained MAIS 3+ injuries (55.6%), three sustained MAIS 2 injuries (33.3%) and one
driver sustained MAIS 1 injuries (11.1%). Three drivers (33.3%) were injured in single vehicle crashes and six
of the nine drivers were injured in multi-vehicle crashes (66.6%), of which the ECIS driver was the striking
vehicle in four cases.
Six of the nine crashes (66.6%) occurred in urban Victoria with three occurring in regional Victoria. Five
crashes occurred on Local roads (1 on a ≤ 50 km/h speed limit road; 1 on a 100 km/h speed limit road), 2 on
C-class roads (both 100 km/h speed limit), and 2 on Other Arterial roads (1 on a ≤ 50 km/h speed limit road;
1 on a 100 km/h speed limit road).
The mean age of the vehicle being driven by the ECIS driver was 20.3 years (SD = 22.9), the median vehicle
age was 12.0 years, and vehicles ranged from 3 – 78 years of age. One vehicle held a 5-star ANCAP rating, 4
had frontal airbags fitted, and 1 vehicle had ESC fitted.
The mean hospital length of stay was 9 days (SD = 3.9; Median = 10.0 days). The hospital length of stay ranged
from 4 – 16 days with one driver being admitted to hospital for more than 14 days. Six of the nine drivers
(66.6%) were discharged to a rehabilitation centre and three were discharged home. None of the involved ECIS
drivers died, however one other road user died as a result of injuries sustained.
The total financial cost to the community of these crashes was estimated to be $14.7 million (Mean = $1.64
million) while the estimated direct financial cost to the TAC was $1.2 million (Mean = $130,000). The ECIS
drivers accounted for $4.8 million of the total community cost (Mean = $537,823) and $570,000 of the direct
cost to the TAC (Mean = $60,000).
These crashes were quite unique compared to Lane Departure, Across Path and Rear Impact crashes. Drivers
were significantly older, the crash location and speed zone followed a bimodal pattern, vehicles were
considerably older, and a high proportion of drivers were discharged to rehabilitation centres. Further, the
estimated financial cost of these crashes was high, although the proportion of costs associated with the ECIS
drivers were comparably lower once all other involved persons were included.
Due to the complex nature of these crashes and due to their low number, these crashes are not examined
further. These crashes are however included in the overall analysis of contributing factors and the systems
analysis presented in the following chapters.
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5.6

CONCLUDING COMMENT

This chapter outlined the driver, injury and characteristics of ECIS crashes grouped as Lane Departure crashes
(50.5%), Across Path crashes (30.0%), Rear Impact crashes (17.3%), and crashes classified as ‘Other’ (2.2%).
These groups were defined principally through the vehicle movement immediately preceding the crash.
By categorising and grouping crashes on the basis of pre-crash critical vehicle movements, a more uniform
pattern of crash and injury-related contributing factors was expected. This is expected to aid the identification
and prioritisation of targeted countermeasures.
Across the crash types, differences in driver, injury and crash characteristics were evident. These differences
can be summarised as follows:
1.

A higher proportion of drivers injured in Lane Departure crashes (57.4%) sustained MAIS 3+ injuries,
compared to those injured in Across Path (44.2%) and Rear Impact crashes (20.3%). The proportion
of drivers with MAIS 3+ injuries differed within crash categories also, the highest proportion being
78.9% of ECIS drivers injured in Head-on crashes on curves.

2. Males accounted for 66.8% of ECIS drivers injured in Lane Departure crashes compared to 42.5% of
drivers injured in Across Path crashes and 46.4% of drivers injured in Rear Impact crashes.
3. The mean age of ECIS drivers injured in Lane Departure crashes was 43.0 years (SD = 19.3; Median =
39.0 years), compared to 56.4 years (SD = 20.7; Median = 59.0) for drivers injured in Across Path
crashes and 53.0 years (SD = 20.1; Median = 55.0) for drivers injured in Rear Impact crashes.
4. Approximately half of the Lane Departure crashes (54.5%) occurred in regional areas of Victoria,
compared to 21.7% of Across Path crashes and 11.6% of Rear Impact crashes.
5.

With respect to speed zone, a higher proportion of Lane Departure crashes occurred on roads with a
100 km/h and higher speed limit (47.5%) than roads with a limit of up to 60 km/h (27.2%), while the
reverse was the case for Across Path crashes (≤ 60 km/h: 39.2%; 100 km/h+: 16.7%) and for Rear
Impact crashes (≤ 60 km/h: 43.4%; 100 km/h+: 23.2%).

6. The age of vehicles being driven by ECIS drivers injured in Lane Departure crashes was somewhat
older (Mean = 13.7 years, SD = 10.1, Median = 12.0) than vehicles being driven by those injured in
Across Path (Mean = 11.5 years, SD = 7.7, Median = 10.0) and Rear Impact crashes (Mean = 10.5 years,
SD = 8.0, Median = 9.0).
7.

Fewer of the vehicles being driven by ECIS drivers injured in Lane Departure crashes held a 5-star
ANCAP rating (17.8%) compared to vehicles being driven by ECIS drivers injured in Across Path
crashes (25.8%) and Rear Impact crashes (31.9%).

8. Drivers injured in Lane Departure crashes had a longer length of stay in an acute care hospital (Mean
= 10.3 days, SD = 8.6; Median = 7.0 days; %>14 days = 23.3%) compared to those injured in Across
Path (Mean = 7.0 days, SD = 5.9; Median = 5.0 days; %>14 days = 6.7%) and Rear Impact crashes
(Mean = 6.3 days, SD = 6.6; Median = 3.0 days; %>14 days = 11.6%).
9. Approximately half of the ECIS drivers injured in Lane Departure crashes (47.5%) were admitted to a
rehabilitation centre compared to 34.2% of drivers injured in Across Path crashes and 20.3% of drivers
injured in Rear Impact crashes.
10. The estimated financial impact to the TAC of drivers injured in Lane Departure crashes (Mean =
$280,000) was higher than for those injured in Across Path (Mean = $110,000) and Rear Impact
crashes (Mean = $90,000). Community-based costs were considerably higher, and inclusion of all
involved persons led to substantially higher financial costs.
To further highlight the high severity nature of the Lane Departure crashes, 14 of the 17 (82.3%) road users
that died in crashes examined in the ECIS program were injured in this crash type; 2 people were killed in
Across Path crashes and 1 person was killed in crashes classified as ‘Other’. Two ECIS drivers died and 15 were
other road users.
While crashes classified as ‘Other’ were not presented with the same level of detail as the other three crash
types, these remain important to consider from a crash prevention and injury mitigation countermeasure
perspective.
Finally, the data presented in this chapter provides context when examining the factors associated with crash
occurrence (Chapter 6) and injury severity (Chapter 7), as well as in the assessment of Safe System
performance (Chapter 8).
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6

FACTORS CONTRIBUTING TO THE OCCURRENCE OF CRASHES

The ECIS program was designed to examine the factors associated with the occurrence of serious injury
crashes. These factors included driver-related factors, those relating to the vehicle, and the road environment.
This chapter commences by providing an overview of how contributing factors were defined and the process
by which each factor was considered in the context of each crash. Data is presented for all 393 ECIS crashes as
well as Lane Departure crashes, Across Path crashes and Rear Impact crashes separately.
These data provide the basis for the analysis of the safety performance of the Victorian road transport system
per the SRA Model of a Safe Road Transport System (Chapter 1, Chapter 8) and for identifying road safety
countermeasures (ECIS Report 4)

6.1

DEFINING AND IDENTIFYING CONTRIBUTING FACTORS

An assessment was made as to the role of specific factors in the occurrence of each crash. This process was
described in Chapter 2.
To recap, a comprehensive ECIS Contributing Factors Form was developed and used for each crash. In total,
181 factors were assessed for the ECIS driver and 82 factors for the B (or other) vehicle driver(s) involved in
the crash. Factors related to both crash occurrence and injury severity. Factors assessed for their role in the
occurrence of the crash related to the driver(s) involved, the vehicle(s) (e.g., mechanical failure, tyre wear) and
the road infrastructure (e.g., road surface, geometry, design).
Each factor was first considered to be either present or absent in the lead up to, or during the crash event itself.
Having established the presence of the relevant factor, an assessment was then made on its influence in the
occurrence of the crash.
The process was such that multiple contributing factors for each crash could be identified, and no inference
was made on their order of importance to the crash occurring.
All available information sources were used when assessing these factors by the ECIS ‘Case Team’. The first
step was completion of the assessment of contributing factors by the ECIS Research Nurse and ECIS Technical
Officer / Engineer directly involved in the investigation of the crash. Each case (crash) was then assessed and
validated in the ECIS Investigation Team Review, before further examination and review by the ECIS Chief
Investigator with clarifications discussed and re-review performed if required. This process ensured multiple
checks were performed. As a final step, a separate process was undertaken by the ECIS Investigators as part of
the Safe Systems Failure Analysis.

6.2

DRIVER-BASED CONTRIBUTING FACTORS

The driver-based contributing factors were categorised into three broad categories (Table 6.1):
1.

Performance failure(s).

2. Health and driver state factors.
3. Non-compliant behaviour.
The category, Performance Failure(s), includes three sub-categories: driver error; specific acts relating to the
driving task, and engaging in behaviours secondary to the driving task, more commonly referred to as
‘inattention’ or ‘distraction’.
A distinction was made between driver error and other behaviours. Errors were defined as unintentional acts
or omissions perceptual in nature or relating to vehicle control. These were distinguished from volitional
driving actions and engagement in tasks secondary to driving (i.e., inattention).
Health and driver state factors included physical and mental health factors, as well as driver drowsiness and
falling asleep whilst driving. These factors were assessed, like all others, for their direct influence on the
occurrence of the crash event.
Non-compliant behaviours were classified as such irrespective of intent. This included all drivers involved in
the crash, with this facilitated through the use of multiple data sources as described in the Method and above.
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TABLE 6.1
FACTORS

DRIVER-BASED CONTRIBUTING FACTORS FOR CRASH OCCURRENCE
SUB-CATEGORY

FACTOR

PERFORMANCE FAILURE(S) (PF)
Error: perceptual (unintentional) and relating to vehicle control
Fail to see traffic signs / signals

Fail to see traffic signal; Fail to see traffic sign; Fail to see ‘other’.

Fail to see hazard / not look

Looked but failed to see; Failed to look.

Judgement error or
misinterpretation

Relates to own or other road users speed; misjudged gap / distance;
misjudged road layout; misinterpreted the intention of another road user.

Vehicle control error

Error at vehicle controls; excessive throttle; counteractive avoidance action;
improper use / no use of signals; non-use of headlights; non-use of wipers.

Other driver type unspecified

Relates to error on part of ‘other involved’ driver(s), type unspecified.

Behaviours relating to the driving task: volitional driving actions
Inappropriate gap

Following too close.

Driving adverse to conditions

Not drive to conditions given road geometry, weather and/or surrounding
traffic, including vehicle speed choice (excluding exceed speed limit) and lane
change(s) behaviour.

Unsafe action

Unsafe passing (including in opposing traffic lane), crossing or turning; Other
unexpected, dangerous (reckless) manoeuvre.

Inattention: Behaviours secondary to the primary driving task
Outside vehicle

Attending to any object (including person), events or tasks relating to outside
the vehicle (including way-finding).

Self / inward focus

Internal thoughts.

Activities in vehicle

Activities including using vehicle climate controls, use radio/CD, eat, drink.

Passenger interactions

Passenger interactions.

Technology (use phone)

Use of phone (talk, SMS) with physical handling of device.

HEALTH FACTORS AND DRIVER STATE (HDS)
Effects of S.8 medication

Use / abuse of prescribed Schedule 8 medication (benzodiazepines, opioids).

Physical health condition

Effects of medical condition, including leading to ‘blackout’ / loss
consciousness (i.e., coronary events, epilepsy, diabetes, migraine, sleep
apnoea, effects of cancer, other condition).

Mental health

Effects of (un)-diagnosed psychological health condition (including self-harm,
and life stressors).

Acute illness

Acute physical illness (transient, e.g., ‘flu’).

Driver state

Driver drowsy or fell asleep.

NON-COMPLIANT BEHAVIOUR (NCB)
Fail to yield

Fail to yield to vehicle.

Disregard instruction

Disregard traffic signal (red light); Disregard traffic sign (stop, give way).

Impairment (substance)

Alcohol or illicit drugs.

Travel speed

Exceed speed limit.

Crossing traffic lines

Improper overtaking against traffic (road) lines.

Improper lane use

Use of traffic lane inappropriately (emergency lane).

Criminal act

Engage in criminal act, including theft of motor vehicle, evade police.
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In the analysis that follows, the percent of crashes where each factor was judged to be a contributing factor is
presented. While it is recognised that factors such as inattention, health and driver-state factors for instance
may have played a role in committing of errors, non-compliant behaviour and engaging in other behaviours
relating to the driving task, the analysis does not draw a causal link between the individual factors. This
approach was taken due to the complexity of individual driver factors and the nature of inferences and
supposition that would need to be made to determine the primary crash causation factor. For this reason, the
ECIS program adopted the approach of determining all factors that had a direct bearing on the occurrence of
the crash.
Using the categories of performance failure(s) – inclusive of error, driving task behaviours, inattention, healthand driver state impairment, and non-compliant behaviour, one or more driver-based contributing factors was
identified in 391 of 393 crashes (99.5%) in the ECIS program. In two crashes (0.5%), a vehicle-based factor
was the primary – and sole cause, of the crash event.
The percentage of crashes where performance failure(s), health and driver state impairment, and noncompliant behaviour(s) were identified is presented in Table 6.2A for all severities and in Table 6.2B for crashes
where an involved driver or other vehicle occupants sustained an MAIS 3+ injury (i.e., MAIS 3+ crash, n = 205
of 393 crashes, 52.2%).

TABLE 6.2A

DRIVER-BASED CONTRIBUTING FACTORS (ALL SEVERITIES)

CONTRIBUTING FACTOR CATEGORY

Performance failure (PF)

ALL CRASHES
(N = 393) †
86.5%

CRASH TYPE
LANE DEPARTURE
(N = 199)

ACROSS PATH
(N = 117)

REAR IMPACT
(N = 68)

81.4%

94.0%

88.2%

Error

59.5%

49.2%

70.1%

70.6%

Behaviours relating to the driving
task

44.0%

41.2%

41.0%

55.9%

Inattention

48.6%

50.8%

41.9%

54.4%

Health and driver state (HDS)

41.7%

54.8%

22.2%

39.7%

Non-compliant behaviour (NCB)

56.2%

52.3%

82.9%

26.5%

† includes 9 ‘other’ crashes not shown as crash type.

TABLE 6.2B

DRIVER-BASED CONTRIBUTING FACTORS (MAIS 3+ CRASHES)#

CONTRIBUTING FACTOR

Performance failure (PF)

MAIS 3+
CRASHES
(N = 205)†

CRASH TYPE
LANE DEPARTURE
(N = 127)

ACROSS PATH
(N = 59)

REAR IMPACT
(N = 14)

84.9%

79.5%

93.2%

92.9%

Error

53.7%

44.9%

67.8%

71.4%

Behaviours relating to the driving task

44.9%

41.7%

40.7%

78.6%

Inattention

49.3%

49.6%

45.8%

64.3%

Health and driver state (HDS)

43.9%

55.9%

23.7%

28.6%

Non-compliant behaviour (NCB)

62.0%

59.1%

81.4%

14.3%

#: Percent MAIS 3+ crashes: 52.2% of all; 63.8% of Lane Departure crashes; 50.4% of Across Path crashes; 20.6% of Rear impact crashes.
† includes 5 ‘other’ crashes not shown as crash type.

Across all crashes, a performance failure on the part of the ECIS driver and/or another driver (if a multi-vehicle
crash) was identified as being a direct contributing factor in the occurrence of 86.5% of crashes (Table 6.2A).
This comprised one or more of driver error, behaviours relating to the driving task, and/or inattention.
Driver error was identified to be a contributing factor in 59.5% of crashes and behaviours relating to the driving
task was a contributing factor in 44.0% of crashes (Rear impact: 55.9%). Driver inattention was seen to be a
contributing factor in 48.6% of crashes.
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Errors were more common in Across Path and Rear Impact crashes than in Lane Departure crashes (p ≤ 0.05).
This pattern was the same for MAIS 3+ crashes (Table 6.2B) (p ≤ 0.05), noting however the very high percent
of Rear Impact crashes where behaviours relating to the driving task were identified (MAIS 3+ 78.6% cf. all
crashes: 55.9%).
Health and driver state impairment were seen to be a contributing factor in 41.7% of crashes, although this was
more prominent in Lane Departure crashes (54.8%) than in Across Path (22.2%) and Rear Impact crashes
(39.7%) (p ≤ 0.05). Non-compliant behaviour was seen in 56.2% of crashes, noting that non-compliant
behaviour was especially prominent in Across Path crashes (81.4%)(p ≤ 0.05). The pattern for both of these
factors was similar for MAIS 3+ crashes (Table 6.2B) (p ≤ 0.05).
As stated above, in the process of identifying contributing factors no inference was made as to the primary
crash causation factor. With more than one contributing factor able to be identified, the combination of
contributing factors is of interest (Table 6.3A, Table 6.3B: MAIS 3+ crashes). A caveat of this data is that cooccurrence of multiple factors does not infer causality.
Given this caveat, it can be seen that in 32.1% of crashes a single contributing factor from one of the three
driver factor categories was identified. In half of all crashes (49.9%), a contributing factor from two categories
was identified, and in 17.6% of crashes, a contributing factor from each of the three driver category factors were
identified (Table 6.3A).
This result highlights the complexity of factors that lead to crashes, and also suggests that a singular focus on
one driver-based factor may not result in elimination of the crash.

TABLE 6.3A

DRIVER-BASED CONTRIBUTING FACTORS (ALL SEVERITIES): SINGLE AND COMBINED
ALL CRASHES
(N = 393)†

CRASH TYPE
LANE DEPARTURE
(N = 199)

ACROSS PATH
(N = 117)

REAR IMPACT
(N = 68)

No driver factor

0.5%

1.0%

0.0%

0.0%

PF: Performance failure only

23.2%

23.1%

12.0%

38.2%

HDS: Health and driver state factors only

5.6%

6.5%

1.7%

8.8%

NCB: Non-compliant behaviour(s) only

3.3%

4.5%

3.4%

0.0%

PF + HDS

14.5%

17.1%

3.4%

26.5%

PF + NCB

31.3%

16.6%

62.4%

22.1%

HDS + NCB

4.1%

6.5%

0.9%

2.9%

PF + HDS + NCB

17.6%

24.6%

16.2%

1.5%

CONTRIBUTING FACTOR

† includes 9 ‘other’ crashes not shown as crash type.

TABLE 6.3B

DRIVER-BASED CONTRIBUTING FACTORS (MAIS 3+ CRASHES): SINGLE AND COMBINED
MAIS 3+
CRASHES
(N = 205)†

CRASH TYPE
LANE DEPARTURE
(N = 127)

ACROSS PATH
(N = 59)

REAR IMPACT
(N = 14)

No driver factor

1.0%

1.6%

0.0%

0.0%

PF: Performance failure only

21.5%

20.5%

11.9%

64.3%

HDS: Health and driver state factors only

3.4%

4.7%

1.7%

0.0%

NCB: Non-compliant behaviour(s) only

4.9%

6.3%

3.4%

0.0%

PF + HDS

12.2%

14.2%

5.1%

21.4%

PF + NCB

28.8%

15.7%

61.0%

7.1%

HDS + NCB

5.9%

7.9%

1.7%

7.1%

PF + HDS + NCB

22.4%

29.1%

15.3%

0.0%

CONTRIBUTING FACTOR

† includes 5 ‘other’ crashes not shown as crash type.
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6.2.1

Driver factors: Performance failure(s) as contributing factors

Performance failures were comprised of driver error, behaviours relating to the driving task and inattention
(see Table 6.1 for definitions). Detail concerning each of these contributing factors is presented below (Table
6.4A, 6.4B). Data on MAIS 1 and MAIS 2 crashes is provided in Appendix E.

6.2.1.1 Error
Error included unintentional acts or omissions associated with the driving task. In the assessment of
contributing factors, multiple errors may have been present. These consisted of failures to see traffic signs and
signals (i.e., traffic lights), a failure to see a hazard that stemmed from ‘looked but failed to see’ or failed to
look, judgement errors (i.e., gap distance / acceptance, speed of on-coming vehicle, incorrectly interpreting
intentions of other road users), and vehicle control errors (error in steering, braking, pedal selection).
Driver error was assessed to be a contributing factor in 59.5% of crashes overall, with this being higher for
Across Path crashes (70.1%) and Rear Impact crashes (70.6%) than Lane Departure crashes (49.2%) (Table
6.4A) (p ≤ 0.05). The profile of driver error differed across the three crash types, with failure to see the traffic
signs and signals (12.8%) and failures to see the hazard (20.5%) more common in Across Path crashes;
similarly, judgement errors were seen in 17.9% of Across Path crashes. Vehicle control errors were evident in
31.7% of Lane Departure crashes and these consisted of errors relating to acceleration, braking, and steering
inputs in the lead up to the crash. This pattern was similar for MAIS 3+ crashes, as shown in Table 6.4B.
Errors by the other involved driver were more common in Rear Impact (41.2%) and Across Path crashes
(35.9%) than in Lane Departure crashes (7.0%) (p ≤ 0.05). It is noted that errors committed by other drivers
were included but were not classified into sub-types as these drivers were not interviewed post-crash. Rather,
reliance on other sources of information were used in coding these driver actions as errors, hence a
conservative approach was adopted. Errors by other drivers were distinguished from non-compliant behaviour
where appropriate.

TABLE 6.4A

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%∩

35.9%

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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TABLE 6.4B

PERCENTAGE OF CRASHES WHERE PERFORMANCE FAILURE(S) ACTED AS A
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (MAIS 3+)

PERFORMANCE FAILURE
CONTRIBUTING FACTOR

MAIS 3+
CRASHES
(N = 205)†

CRASH TYPE
LANE DEPARTURE
(N = 127)

ACROSS PATH
(N = 59)

REAR IMPACT
(N = 14)

Error

53.7%

44.9%

67.8%

71.4%

Fail to see traffic signs / signals

3.9%

1.6%

10.2%

0.0%

Fail to see hazard / not look

10.7%

4.7%

23.7%

14.3%

Judgement error

16.6%

15.0%

22.0%

7.1%

Vehicle control error

20.5%

26.8%

6.8%

7.1%

By other driver (type unspecified)

17.6%

8.7%

28.8%

57.1%

Behaviours relating to the driving task

44.9%

41.7%

40.7%

78.6%

Inappropriate headway or gap

3.4%

0.0%

1.7%

42.9%

Driving adverse to conditions

19.5%

23.6%

8.5%

21.4%

Unsafe action

28.3%

24.4%

32.2%

42.9%

Inattention

49.3%

49.6%

45.8%

64.3%

Outside vehicle

9.8%

7.9%

10.2%

14.3%

Self / inward focus (thoughts)

17.6%

18.1%

18.6%

14.3%

Activities in vehicle

5.9%

7.9%

3.4%

7.1%

Passenger interactions

4.4%

3.1%

6.8%

7.1%

Technology (use phone)

4.9%

5.5%

1.7%

14.3%

Other unspecified source

6.3%

7.1%

5.1%

7.1%

† includes 5 ‘other’ crashes not shown as crash type.

6.2.1.2 Behaviours relating to the driving task (volitional driving actions)
Behaviours relating to the driving task were volitional driving actions. These behaviours include keeping an
inappropriate headway or gap to surrounding vehicles, driving in a manner adverse to the prevailing road
conditions, and other actions classified as unsafe given the surrounding traffic and road environment (i.e.,
passing, turning including U-turn, drive in opposing lane, lane change, any other manoeuvre).
These acts were appraised to have been a contributing factor in 44.0% of crashes, with these acts being seen in
55.9% of Rear Impact crashes with this being higher (78.6%) in MAIS 3+ Rear Impact crashes (p ≤ 0.05) (Table
6.4A). Unsafe acts on the part of the ECIS case driver and/or the other involved driver(s) were a contributing
factor in 25.7% of crashes with this being as high as 35.9% for Across Path crashes (all severities) and 42.9%
of MAIS 3+ Rear Impact crashes (p ≤ 0.05) (Table 6.4B).
Driving in a manner adverse to the prevailing traffic conditions, principally through inappropriate speed choice
but driving at or under the speed limit, was assessed to be a contributing factor in 26.6% of Lane Departure
crashes (MAIS 3+: 23.6%) and 21.4% of MAIS 3+ Rear Impact crashes.
These behaviours were more prominent among Rear Impact crashes than other crash types, with inappropriate
headway and unsafe driving actions each being contributing factors for 42.9% of MAIS 3+ crashes, with driving
in a manner adverse to conditions being present as a factor in 21.4% of Rear Impact MAIS 3+ crashes.
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6.2.1.3 Inattention
Inattention was defined as the driver engaging in any task secondary to driving. Sources of driver inattention
included any object or point of focus outside of the vehicle, internal thoughts including thinking and
daydreaming, the conduct of any activity in the vehicle (e.g., eat, drink, use vehicle climate controls, radio /
CD), passenger interactions, and phone use. Inattention due to any other unspecified source was included
where drivers stated that they were ‘distracted’.
Mobile phone use was limited to the confirmed physical handling and /or concurrent use of the mobile phone,
and included dialling, texting, talking, looking at the phone screen and/or passing the phone to a passenger.
While this type of use constitutes non-compliant behaviour based on the laws in the State of Victoria, this
action was coded as inattention given the focus of the ECIS program.
Driver inattention was assessed to be a contributing factor in half (48.6%) of all crashes (Table 6.4A). Driver
inattention was more prominent in Rear Impact crashes (54.4%) than in Lane Departure (50.8%) and Across
Path crashes (41.9%). This pattern was similar for MAIS 3+ crashes, noting however that inattention was a
contributing factor in 64.3% of Rear Impact crashes with this largely being driven by higher use of the mobile
phone (all Rear: 5.9% cf. MAIS 3+ Rear: 14.3%) (Table 6.4B).
The most common source of inattention was internal thoughts (15.3%; MAIS 3+ crashes: 17.6%). This included
worry-related thoughts (e.g., interpersonal, work, financial), reflections on conversations, and day-dreaming.
The proportion of crashes where internal thoughts was a contributing factor was higher for Lane Departure
crashes (18.1%; MAIS 3+ 18.1%) than Across Path (13.7%; MAIS 3+: 18.6%) and Rear Impact crashes (11.8%;
MAIS 3+: 14.3%).
Attending to objects or events outside of the vehicle other than those relating to the primary driving task and
keeping ‘eyes-on-road’ was a contributing factor in 11.7% of all crashes. Engaging in specific activities in the
vehicle was found to have been a contributing factor in 5.6% of crashes; these activities included adjusting the
vehicle heater / air-conditioner, applying make-up, changing the radio or CD, attending to the window or
mirrors and/or eating and drinking.
Passenger interactions were seen to be a contributing factor in 5.1% of crashes. This included a range of
different behaviours.
Inattention due to use of a mobile phone was found to be a contributing factor in 3.8% of crashes, with this
ranging from 3.4% of Across Path crashes, 3.5% of Lane Departure crashes and 5.9% of Rear Impact crashes.
Use of a mobile phone and its role as a contributing factor was higher in MAIS 3+ crashes (4.9%), with
differences evident across the three crash types (Lane Departure: 5.5%; Across Path: 1.7%; Rear Impact:
14.3%).
Inattention was also seen to be a contributing factor for the occurrence of 6.9% of crashes, however the source
of inattention was not specified. In these instances, the term ‘distraction’ was used by the ECIS driver or was
specified in other information sources (i.e., police report, ambulance report, medical report).

6.2.2

Driver factors: Health and driver state as contributing factors for crash occurrence

There were a range of health-related factors and driver state factors that were appraised to have acted as a
contributing factor for crash occurrence (Table 6.5A). Each is discussed in turn.
The deleterious effects of specific prescription medication were seen to be a contributing factor in 6.6% of
crashes, with benzodiazepines (2.0%) and opioid-based (narcotic) analgesics (2.8%) being most prominent.
This was associated with both prescribed use and abuse. These were more common in Lane Departure crashes
(10.6%) than they were in Across Path crashes (1.7%) and Rear Impact crashes (4.4%) (p ≤ 0.05). This pattern
was the same for MAIS 3+ crashes (Table 6.5B).
The presence and effects of physical medical conditions were seen to be a contributing factor in 14.5% of all
crashes, however this was higher for Lane Departure crashes (18.1%; MAIS 3+: 18.9%) and Rear Impact
crashes (17.6%; MAIS 3+ crashes: 21.4%) than was the case for Across Path crashes (6.0%; MAIS 3+ crashes:
8.5%). Medical conditions seen were epilepsy, migraine, diabetes, sleep apnoea, cancer, and coronary
conditions.
Acute physical illness acted as a contributing factor in 5.6% of crashes. This differs from the effects of physical
medical conditions in that these were restricted to transient symptoms, including for instance the effects of
‘colds’, ‘flu’, stomach upset, and where drivers indicated that they had been ‘sick’ or unwell in the days leading
into and on the day of the crash. The effects of acute physical illness and its influence as a contributing factor
was somewhat higher for Lane Departure crashes (6.5%; MAIS 3+: 5.5%) and Rear Impact crashes (5.9%;
MAIS 3+ crashes: 7.1%).
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TABLE 6.5A

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%

Benzodiazepines

2.0%

3.5%

0.0%

1.5%

Opioid-based (narcotic) analgesics

2.8%

3.5%

1.7%

2.9%

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 conditions and/or
psychological distress

12.2%

17.1%

8.5%

5.9%

Self-harm

0.5%

Driver state

25.5%

1.0%
36.7%

0.0%
12.0%

0.0%
19.1%

Drowsy

17.6%

22.6%

12.0%

14.7%

Fell asleep

7.9%

14.1%

0.0%

4.4%

† includes 9 ‘other’ crashes not shown as crash type.

TABLE 6.5B

PERCENTAGE OF CRASHES WHERE HEALTH FACTORS AND DRIVER STATE ACTED AS A
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (MAIS 3+)

HEALTH AND DRIVER STATE
CONTRIBUTING FACTORS

MAIS 3+
CRASHES
(N = 205)†

CRASH TYPE
LANE DEPARTURE
(N = 127)

ACROSS PATH
(N = 59)

REAR IMPACT
(N = 14)

Health and driver state factors

43.9%

55.9%

23.7%

28.6%

Effects of prescribed medication

8.3%

11.0%

1.7%

14.3%

Benzodiazepines

2.4%

3.9%

0.0%

0.0%

Opioid-based (narcotic) analgesics

2.4%

2.4%

1.7%

7.1%

Physical health (medical) condition

16.1%

18.9%

8.5%

21.4%

Acute illness (transient)

5.4%

5.5%

5.1%

7.1%

Mental health conditions and/or
psychological distress

14.1%

17.3%

11.9%

0.0%

Self-harm
Driver state

1.0%
27.8%

1.6%
38.6%

0.0%
11.9%

0.0%
7.1%

Drowsy

19.0%

24.4%

11.9%

7.1%

Fell asleep

8.8%

14.2%

0.0%

0.0%

† includes 5 ‘other’ crashes not shown as crash type.
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Mental health conditions and/or psychological distress were present and acted as a contributing factor in
12.2% of crashes. This was higher for Lane Departure crashes (17.1%), particularly those resulting in MAIS 3+
injuries (17.3%), compared to other crash types (Across Path: 8.5%; Rear Impact: 5.9%) (p ≤ 0.05). In addition
to the effects of depression, anxiety, and personality disorders, also included were the effects of high levels of
stress. Self-harm was evident in 0.5% of crashes (MAIS 3+ crashes: 1.0%), these being limited to Lane
Departure crashes. No distinction was made on whether the evident mental illness was being treated by a
health professional or otherwise.
The category, driver-state includes both drowsy drivers and instances where drivers fell asleep. Driver state
was a contributing factor in 25.5% of crashes. This was comprised of an involved driver(s) being ‘drowsy’
(17.6%) or having fallen asleep (including microsleeps) (7.9%). The proportion of crashes where Driver state
was a contributing factor was higher in Lane Departure crashes (36.7%; MAIS 3+ crashes: 38.6%) with 14.1%
of these crashes having involved a driver falling asleep (p ≤ 0.05). Driver state was also prominent as a
contributing factor in Rear Impact crashes (19.1%; MAIS 3+ crashes: 7.1%) and Across Path crashes (12.0%;
MAIS 3+ crashes: 11.9%). None of the Across Path MAIS 3+ crashes involved a driver falling asleep, nor did
any of the MAIS 3+ Rear Impact crashes.

6.2.3

Driver factors: Non-compliant behaviour as contributing factors

Non-compliant behaviour played a role in the occurrence of 56.2% of crashes overall, with this being higher
for Across Path crashes (82.9%) than Lane Departure (52.3%) and Rear Impact crashes (26.5%) (Table 6.6A,
all crashes; Table 6.6B, MAIS 3+ crashes) (p ≤ 0.05).
These behaviours included: failing to yield to an on-coming vehicle that had the right of way; disregarding an
instruction at an intersection, whether this being in violation of a red traffic light, Stop Sign or Give-way sign;
presence of alcohol (i.e., beyond legal BAC for licence class) and/or illicit drugs; travelling in excess of the
speed limit; improperly crossing traffic lines; improper lane use, and criminal activity (see Table 6.1 for a full
list).
Failing to yield to vehicles (34.2%) and disregarding traffic control signals (and signs) (44.4%) were largely
limited to Across Path crashes, with the latter being a contributing factor in half of all MAIS 3+ Across Path
crashes.

TABLE 6.6A

PERCENTAGE OF CRASHES WHERE NON-COMPLIANT BEHAVIOUR ACTED AS A
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (ALL SEVERITIES)

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%

1-5 km/h above speed limit

9.7%

12.1%

11.1%

1.5%

6-9 km/h above speed limit

6.1%

6.5%

6.8%

4.4%

10+ km/h above speed limit

10.4%

15.1%

4.3%

7.4%

Crossing traffic lines

1.0%

2.0%

0.0%

0.0%

Improper lane use

1.5%

1.5%

1.7%

1.5%

Criminal activity

1.0%

0.5%

2.6%

0.0%

† includes 9 ‘other’ crashes not shown as crash type.
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Alcohol and/or illicit drugs were a contributing factor in 19.1% of all crashes and 23.9% of MAIS 3+ crashes,
with differences evident across crash types. For instance, alcohol and/or illicit drugs were seen to be a
contributing factor in 28.6% of Lane Departure crashes (MAIS 3+ crashes: 31.5%), 10.3% of Rear Impact
crashes (MAIS 3+ crashes: 7.1%), and 8.5% of Across Path crashes (MAIS 3+: 11.9%) (p ≤ 0.05).
Illicit drugs were slightly more common overall (12.7%; MAIS 3+: 16.1%) and for each crash types than drivers
having an illegal BAC (11.2%; MAIS 3+ crashes: 14.1%). Illicit drugs were especially prominent in Lane
Departure crashes (19.6%; MAIS 3+ crashes: 21.3%) as was the proportion of drivers with an illegal BAC
(17.6%; MAIS 3+ crashes: 20.5%) (p ≤ 0.05).
Driving in excess of the speed limit was the most common non-compliant behaviour contributing to the
occurrence of crashes. Driving in excess of the speed limit was a contributing factor for 26.2% of all crashes
and 36.6% of MAIS 3+ crashes, although this differed across crash types (p ≤ 0.05). This behaviour was
especially evident among Lane Departure crashes, directly contributing to the occurrence of 33.7% of these
crashes, and 40.2% of MAIS 3+ crashes; of note was that nearly half of these crashes involved a driver(s)
exceeding the speed limit by 10 km/h or more.
The role that exceeding the speed limit played as a contributing factor was also prominent in MAIS 3+ Across
Path injury crashes. As shown in Table 6.6B, exceeding the speed limit was a contributing factor in 35.6% of
MAIS 3+ Across Path crashes. This is markedly higher than the proportion exceeding the speed limit played in
the occurrence of Across Path crashes overall (22.2%). This is an important result as it reflects the more
injurious side impact crash that is common to Across Path crashes and how exceeding the speed limit further
exacerbates this effect.
Non-compliant behaviour including illegally crossing traffic lines, improper lane use and other criminal
activity – including theft of a vehicle, were seen to act as contributing factors in a low proportion of crashes.

TABLE 6.6B

PERCENTAGE OF CRASHES WHERE NON-COMPLIANT BEHAVIOUR ACTED AS A
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (MAIS 3+)

NON-COMPLIANT BEHAVIOUR
CONTRIBUTING FACTORS

MAIS 3+
CRASHES
(N = 205) †

Non-compliant behaviour

CRASH TYPE
LANE DEPARTURE
(N = 127)

ACROSS PATH
(N = 59)

REAR IMPACT
(N = 14)

62.0%

59.1%

81.4%

14.3%

Fail to yield

7.3%

0.0%

25.4%

0.0%

Disregard instruction (traffic light, sign)

14.6%

0.0%

49.2%

7.1%

Presence (substance)

23.9%

31.5%

11.9%

7.1%

Alcohol

14.1%

20.5%

5.1%

0.0%

Illicit drugs

16.1%

21.3%

6.8%

7.1%

Travel speed: exceed speed limit

36.6%

40.2%

35.6%

14.3%

1-5 km/h above speed limit

13.7%

14.2%

16.9%

0.0%

6-9 km/h above speed limit

9.3%

8.7%

11.9%

7.1%

10+ km/h above speed limit

13.7%

17.3%

6.8%

7.1%

Crossing traffic lines

2.0%

3.1%

0.0%

0.0%

Improper lane use

2.0%

2.4%

1.7%

0.0%

Criminal activity

1.5%

0.0%

5.1%

0.0%

† includes 5 ‘other’ crashes not shown as crash type.
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6.2.4

Driver factors: Travel speed and crash risk

An important question for road safety is how travel speed is related to the risk of being involved in a crash. The
analysis presented above showed that in 26.2% of crashes one (or more) involved driver(s) was above the speed
limit for all crashes (MAIS 3+ crashes: 36.6%), with this being higher for Lane Departure crashes (33.7%; MAIS
3+ crashes: 40.2%) than Across Path crashes (22.2%; MAIS 3+: 35.6%) and Rear Impact crashes (13.2%; MAIS
3+: 14.3%) (p ≤ 0.05). Based on the detailed analysis of each crash, travelling above the speed limit represents
an important contributing factor for crash occurrence.
To examine the association between travel speed and crash involvement, the travel speed of crash-involved
drivers was compared to those that did not crash, but drove through the same location safely some weeks later.
This is known as a ‘case-control’ design. This process was described in Chapter 2 (Method) and Appendix C.
The travel speed data for ‘control’ drivers was collected using a laser camera while the travel speed data of the
driver(s) involved in each crash was determined using computer-based crash reconstruction. The collection of
the travel speed data of the control drivers was done at the same crash location, on the same day of the week
of the crash and within a narrow time window either side of the known crash time. This ensured that the travel
conditions were ‘matched’ in terms of time of day, vehicle mix, congestion, type of drivers and riders and a host
of other factors. Also, the travel speed data of ‘control drivers’ was what is known as ‘free speed’; this means
that the driver is able to set their own travel speed without the influence of other drivers. Data was collected
on multiple control drivers, so that a ratio of case-to-control drivers was at least 1:3.
The primary question of this analysis can be stated to be: ‘Is there a relationship between pre-crash travel speed
and the risk of having a crash?’
To answer this question, using travel speed data from the ‘case’ and the ‘control’ drivers, the statistical model
calculates the probability of having a crash at each known crash location and for each vehicle given their travel
speed relative to the speed limit. The statistical model then uses this information to determine a single estimate
of the association between travel speed and the risk of being involved in a crash. The analysis model used was
a conditional (fixed effects) logistic regression model, with the matched variables being the crash location and
the vehicles involved. This ensured that the travel speed of vehicles involved in each crash (i.e., case vehicle) is
compared to the vehicle performing the same movement that did not crash (i.e., control vehicle). Travel speed
data was used in its continuous form and was centred to the speed limit.
Due to the intensive nature of collecting travel speed data for ‘control drivers’ and a range of logistical factors
(see Chapter 2, Appendix C), a subset of ECIS crashes was included in this analysis. Included in the analysis
below were crashes that occurred in all speed zones and all road types (i.e., MABC, Other Arterial, Local) with
the exception of toll roads. These were excluded due to the inability to collect travel speed data of ‘control
drivers’ safely. Crashes included were those from across Victoria with no restriction on time-of-day, although
for practical reasons there were fewer night-time rural crashes included (see Chapter 2, Appendix C). Driver
age and driver sex were included in the analysis. Crashes involving a driver positive for alcohol and/or any
illicit drug(s) were excluded, as were ‘control drivers’ self-reporting any alcohol consumption 2 hours before
driving and the use of any illicit drug 12-hours prior to driving.
In the travel speed – crash risk analysis, 146 crashes were included, all of which were reconstructed using the
Type-A crash reconstruction method (see Appendix B). Of these, 45 were single vehicle crashes (30.8%) and
101 were multiple vehicle crashes (69.2%). This included 80 Lane Departure crashes (SVC: n = 45, 56.2%; MVC
= 35, 43.8%) and 66 Across Path crashes involving two vehicles. Both urban (56.2%, n = 82) and rural (43.8%,
n = 64) crashes were included
Analysis of the association between travel speed and crash risk across in both crash types combined and
separately is presented below. These crash risk estimates relate to crashes resulting in high levels of injury
where one or more involved driver and/or passenger required hospitalisation at a trauma centre where the
involved driver(s) had not consumed alcohol and/or any illicit drug prior to driving hence, these results are
generalizable to crashes within these parameters.
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6.2.4.1 Association between travel speed and crash involvement
To examine the association between travel speed and crash risk, the pre-crash travel speed of 247 drivers
involved in 146 Lane Departure and Across Path crashes was compared to 1039 ‘control drivers’, equating to a
ratio of 4.2 control drivers for each crash-involved driver. Crashes and drivers where alcohol and/or illicit
drugs were indicated were excluded from the analysis.
Overall, 15.2% of the 1039 ‘control’ drivers were recorded travelling above the speed limit (i.e., ≥ 1 km/h) and
5.9% were recorded travelling 5 km/h or more above the speed limit. In comparison 18.6% of drivers involved
in a crash were travelling above the speed limit, with 8.9% travelling 5 km/h or more above the speed limit.
Statistical modelling accounting for crash location, vehicle movement, driver age and driver sex, demonstrates
that a statistically significant relationship exists between vehicle travel speed and the risk of being involved in
a crash. Specifically, for every 1 km/h travelling above the speed limit, the risk of being involved in a crash
increased by 7.8% (OR: 1.08, 95%CI: 1.06 – 1.10, p < 0.001). This relationship is shown in Figure 6.2.
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%; OR: 0.48, 95% CI: 0.40 – 0.58)
and 15 km/h (-66.8%; OR: 0.33, 95% CI: 0.25 – 0.44) below the speed limit.

FIGURE 6.1

RELATIONSHIP BETWEEN TRAVEL SPEED AND CRASH RISK (ADJUSTED FOR DRIVER AGE
AND DRIVER SEX, EXCLUDES ALCOHOL/ILLICIT DRUG CRASHES / DRIVERS)
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6.2.4.2 Association between travel speed and crash risk for Lane Departure crashes
The association between travel speed and crash risk in 80 Lane Departure crashes was examined. These
crashes included run-off-road and head-on crashes. There were 45 single vehicle crashes (56.2%) and 35
multiple-vehicle crashes (43.8%). The pre-crash travel speed of 115 drivers was compared to 543 ‘control
drivers’, equating to a ratio of 4.7:1 control drivers for each crash-involved driver. Crashes and drivers where
alcohol and/or illicit drugs were indicated were excluded from the analysis.
Overall, 22.5% of the 543 ‘control’ drivers were recorded travelling above the speed limit (i.e., ≥ 1 km/h) and
9.4% were recorded travelling 5 km/h or more above the speed limit. In contrast, 27.0% of drivers involved in
a crash were travelling above the speed limit, with 13.0% travelling 5 km/h or more above the speed limit.
Statistical modelling accounting for crash location, vehicle movement, driver age and driver sex, demonstrates
that a statistically significant relationship exists between vehicle travel speed and the risk of being involved in
a crash. The relationship between travel speed and crash risk relative to the speed limit is presented in Figure
6.2.
The statistical model shows that for every 1 km/h travelling above the speed limit, the risk of being involved in
a Lane Departure crash increased by 5.2% (OR: 1.05, 95%CI: 1.03 – 1.08, p < 0.001).
Travelling 3 km/h above the speed limit was associated with a 16.3% increase in crash risk (OR: 1.16, 95% CI:
1.08 – 1.25) highlighting the risk associated with ‘low-level’ speeding behaviour. Crash risk increased to being
28.7% higher when travelling 5 km/h above the speed limit (OR: 1.29, 95% CI: 1.13 – 1.46), and was 65.6%
higher when travelling 10 km/h above the speed limit (OR: 1.66, 95%CI: 1.29 – 2.13). Driving 15 km/h above
the speed limit was associated with a 113.0% higher crash risk, which can also be expressed as a having a crash
risk 2.13 times higher than when travelling at the speed limit (OR: 2.13, 95%CI: 1.46 – 3.11).
It can also be seen in Figure 6.2 that travelling below the speed limit was associated with a lower crash risk.
For instance, travelling 5 km/h below the speed limit was associated with a 22.3% lower risk of being involved
in a crash (OR: 0.78, 95%CI: 0.69 – 0.88). This risk was again lower for drivers travelling 10 km/h (-39.6%;
OR: 0.60, 95% CI: 0.47 – 0.78) and 15 km/h (-53.1%; OR: 0.47, 95% CI: 0.32 – 0.68) below the speed limit.

FIGURE 6.2

LANE DEPARTURE CRASHES: RELATIONSHIP BETWEEN TRAVEL SPEED AND CRASH
RISK(ADJUSTED FOR DRIVER AGE AND DRIVER SEX, EXCLUDES ALCOHOL/ILLICIT DRUG
CRASHES / DRIVERS)
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6.2.4.3 Association between travel speed and crash risk for Across Path crashes
The association between travel speed and crash risk for 66 Across Path crashes was examined. The pre-crash
travel speed of 132 crash-involved drivers involved was compared to 496 ‘control drivers’, equating to a ratio
of 3.8:1 control drivers for each crash-involved driver. Crashes and drivers where alcohol and/or illicit drugs
were indicated were excluded from the analysis.
Overall, 7.3% of the 496 ‘control’ drivers were recorded travelling above the speed limit (i.e., ≥ 1 km/h) and
1.8% were recorded travelling 5 km/h or more above the speed limit. In contrast, 11.4% of drivers involved in
a crash were travelling above the speed limit with 5.3% travelling 5 km/h or more above the speed limit.
Statistical modelling accounting for crash location, vehicle movement, and driver age demonstrates that a
statistically significant relationship exists between vehicle travel speed and the risk of being involved in a crash;
driver sex was not associated with crash risk (p = 0.8).
The relationship between travel speed and crash risk relative to the speed limit is presented in Figure 6.3. The
analysis shows that for every 1 km/h travelling above the speed limit, the risk of being involved in an Across
Path crash increased by 10.7% (OR: 1.11, 95%CI: 1.07 – 1.14, p < 0.001).
Travelling 3 km/h above the speed limit was associated with a 35.5% increase in crash risk (OR: 1.36, 95% CI:
1.23 – 1.49), highlighting the risk associated with ‘low-level’ speeding behaviour. Crash risk increased to being
66% higher when travelling 5 km/h above the speed limit (OR: 1.66, 95% CI: 1.42 – 1.94), and was 2.75 times
higher when travelling 10 km/h above the speed limit (+175.4%, OR: 2.75, 95% CI: 2.01 – 3.77). Exceeding the
speed limit by 15 km/h was associated with a particularly high risk of being involved in an Across Path crash,
this risk being 4.57 times higher than when compared to travelling at the speed limit (+357.1%; OR: 4.57,
95%CI: 2.85 – 7.33).
In contrast, travelling below the speed limit was associated with a lower Across Path crash risk. For instance
travelling 5 km/h below the speed limit was associated with a 39.7% lower risk of being involved in a crash
(OR: 0.60, 95%CI: 0.51 – 0.71). This risk was again lower for drivers travelling 10 km/h (-63.7%; OR: 0.36,
95% CI: 0.26 – 0.50) and 15 km/h (-78.1%; OR: 0.22, 95% CI: 0.14 – 0.35) below the speed limit.

FIGURE 6.3

ACROSS PATH CRASHES: RELATIONSHIP BETWEEN TRAVEL SPEED AND CRASH RISK
(ADJUSTED FOR DRIVER AGE, EXCLUDES ALCOHOL/ILLICIT DRUG CRASHES / DRIVERS)
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6.2.4.4 Summary of findings of the association between travel speed and crash risk
The findings presented here demonstrate a clear relationship with travel speed and the risk of being involved
in a crash. That is, crash risk is higher as travel speed increases beyond the speed limit. As an example, the
crash risk was found to be 44.4% higher when travelling 5 km/h above the speed limit with this increasing to
108.5% (i.e., double) when travelling 10 km/h above the speed limit. The effect of travelling in excess of the
speed limit carries with it a higher crash risk for Across Path crashes than for Lane Departure crashes. For
example, the increased risk of crash involvement travelling 5 km/h above the speed limit was found to be 28.7%
for Lane Departure crashes but 66.0% for Across Path crashes. This result is intuitive given the nature of the
vehicle movements and inherent conflict in Across Path crashes.
The findings demonstrate the clear role that travel speed plays in the occurrence of serious injury crashes.
These findings have important implications for speed limit setting and measures to ensure compliance with
the speed limit, particularly as the analysis has demonstrated the increased risk of crash involvement
associated with what is commonly defined as low level speeding.
In interpreting these findings, it is noted that the definition of exceeding the speed limit was travelling at
1 km/h or more above the speed limit. However, it is noted that in the statistical analysis pre-crash travel speed
values were not reduced to ‘categories’, rather the data was used in its full form. This permits crash risk values
to be reported for specific speeds over, and below, the speed limit to be calculated. Hence, the increased crash
risk of 3 km/h above the speed limit was reported as a measure of ‘low level speeding’, or in common parlance,
‘only a little bit over’, while crash risk estimates for being 5 km/h, 10 km/h and 15 km/h were reported as these
relate to past TAC speed education programs and the current offence structure for speeding. 195
As detailed in Chapter 2 (Method) and in Appendix C, pre-crash travel speed values used in the crash risk –
travel speed analysis were those obtained from a laser speed camera and from highly detailed crash
reconstruction analysis. There are three important points here: 1. The speed visible to the driver on their
vehicle speedometer would in fact be higher than those used in this analysis; 2. A conservative approach was
taken with crash reconstruction speed estimates, with these validated in a highly detailed 4-step process
including using Event Data Recorder (EDR, ‘black-box’) information where available; 3. Where vehicle braking
occurred pre-crash, maximum ABS braking was assumed as was maximum brake pedal application on nonABS vehicles. These technical elements are important to consider as they point to the robust nature of the
speed estimates used in the conditional logistic regression case-control analysis, which ensures the travel
speeds of vehicles involved in crashes (‘cases’) and those driving through these crash sites but without having
a crash (controls) are appropriately matched. That crashes and drivers indicating alcohol and/or illicit drug
use were excluded from the analysis, and the statistical model accounted to the effects of driver age and driver
sex gives a very high degree of confidence in the findings. The ECIS Report 2 provides further detail and an
expanded range of analysis models.
While these findings relate to the risk of being involved in a crash, the relationship between impact speed and
injury risk is presented in Chapter 7. This is a further important consideration in how travel speed has a direct
bearing on the severity of injuries sustained. As vehicle speed at impact is dependent on pre-crash travel speed
and driver avoidance behaviours such as steering avoidance actions and pre-crash braking, these two driverrelated behaviours are examined in the following section.

6.2.5

Driver factors: Pre-crash avoidance actions

In reconstructing each crash, pre-crash braking and steering avoidance actions were key inputs where they
occurred. This permits the questions of whether the involved driver(s) performed any avoidance actions in the
lead up or immediately prior to the crash.
In this section, three questions are addressed:
1.

What proportion of drivers attempted to avoid the crash by steering actions?

2. What proportion of drivers attempted to brake prior to the crash?
3. For the drivers that did brake, what was the duration of braking? And following this, what was the
reduction in travel speed prior to impact?

195 Current speeding offences in Victoria are tiered based on the km/h above the speed limit. Travelling in excess of the speed limit by
up to 10 km/h above the speed limit attracts an AUD$289 fine plus 1 demerit point; travelling 10 km/h–14 km/h above the speed limit
attracts a AUD$485 fine plus 2 demerit points, and travelling 15 - 24 km/h above the speed limit attracts a AUD$454 fine plus 3 demerit
points. Speeds in excess of this attract increased fines and automatic licence suspension, as at 1 July 2019, see:
https://www.camerassavelives.vic.gov.au/fines-penalties/fine-amounts-demerit-points
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As outlined in Chapter 2 (Method) and Appendix B, 347 of the 393 ECIS crashes were successfully
reconstructed. In total, this involved 556 vehicles. This included 174 Lane Departure crashes (235 vehicles),
110 Across Path crashes (212 vehicles), 56 Rear Impact crashes (98 vehicles), and 7 crashes classified as ‘Other’
(11 vehicles). After excluding stationary and/or struck vehicles involved in Rear Impact crashes (43; 55
remain), 513 involved vehicles formed the basis of the analysis of pre-crash driver avoidance actions.
For completeness, it is reported here that the reconstruction of 46 crashes (11.7%) was not possible. The
inability to perform a computer-based crash reconstruction for these crashes was principally due to being
unable to conduct a detailed damage inspection of the crash-involved vehicle(s).

TABLE 6.7

PRE-CRASH STEERING AVOIDANCE ACTIONS AND BRAKING, BY CRASH TYPE (ALL CRASH
SEVERITIES)

PARAMETER

INVOLVED
VEHICLES
(N = 513)†

CRASH TYPE
LANE DEPARTURE
(N = 235)

ACROSS PATH
(N = 212)

REAR IMPACT‡
(N = 55)

No steering action (%)

70.4%

56.6%

81.6%

85.5%

Attempted steering avoidance (%)

29.6%

43.4%

18.4%

14.5%

No braking (%)

44.8%

29.8%

57.1%

63.6%

Braked pre-crash (%)

55.0%

70.2%

42.9%

36.4%

Stationary (%)†

0.2%

N/A

N/A

N/A

1.32 s.
(1.03 s.)

1.42 s.
(1.11 s.)

1.18 s.
(0.89 s.)

1.09 s.
(0.80 s.)

0.58 s.

0.65 s.

0.56 s.

0.48 s.

1.09 s.

1.20 s.

0.94 s.

0.82 s.

1.75 s.

1.89 s.

1.51 s.

1.60 s.

0.01 – 6.45 s.

0.01 – 6.45 s.

0.01 - 4.46 s.

0.21 – 3.25 s.

Pre-crash steering avoidance

Pre-crash braking

Pre-crash braking time
Mean (s)
(SD)
25th percentile
Median (s)
75th percentile
Min/Max (s)

Effect of pre-crash braking on travel speed to impact speed
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-23.5 km/h
(16.5 km/h)

-26.4 km/h
(17.9 km/h)

-19.6 km/h
(12.9 km/h)

-16.8 km/h
(13.2 km/h)

Median (km/h)

-20.6 km/h

-23.4 km/h

-17.6 km/h

-13.0 km/h

Mean (SD)

-31.0% (19.8%)

-32.2% (19.6%)

-29.6% (19.4%)

-26.0% (20.4%)

Median

-29.2%

-31.2%

-24.7%

-18.1%

282##

165

91

22

Percent change in speed (mean, km/h)

N

† includes 11 vehicles involved in ‘other’ crashes not shown by crash type; ## includes 4 vehicles involved in ‘other’ crashes not shown by crash type.
‡ includes only the ‘striking’ vehicle.

6.2.5.1 Pre-crash avoidance through steering
Prior to the crash, 29.6% of drivers (n = 152) attempted a steering avoidance action and 70.4% did not (n =
361) (Table 6.7). Pre-crash avoidance steering was attempted by 43.4% of drivers involved in Lane Departure
crashes comparted to only 18.4% of drivers involved in Across Path crashes and 14.5% of (striking) drivers
involved in Rear Impact crashes (p ≤ 0.05).
Alternatively, it can be stated that:
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•

56.6% of drivers involved in Lane Departure crashes (i.e., run-off-road, head-on crashes) did not
attempt a steering avoidance action pre-crash.

•

81.6% of drivers involved in Across Path crashes did not attempt a steering avoidance action pre-crash.

•

85.5% of drivers involved in Rear Impact crashes did not attempt a steering avoidance action precrash. This related to the ‘striking’, or impacting driver.

A number of factors likely underpin these differences in the proportion of drivers attempting steering
avoidance actions pre-crash. These factors include driver behaviours pre-crash, such as those presented above
(see Table 6.2, Table 6.3, Table 6.4) as well as time-to-collision, a factor influenced by sight distance and travel
speed, as well as the immediacy of the precipitating crash causation behaviour. That a higher proportion of
drivers involved in Lane Departure crashes attempted recovery actions through steering also reflects the
different dynamic of these crashes compared to Across Path and Rear Impact crashes.

6.2.5.2 Pre-crash braking
Across all crash types 55.0% of involved drivers applied the vehicle brakes at some point prior to the crash
(Table 6.7, see also Appendix Table E.15 – E19 for further data). A higher proportion of drivers involved in
Lane Departure crashes applied the brakes pre-crash (70.2%) compared to drivers involved in Across Path
(42.9%) and Rear Impact crashes (36.4%). Hence, the majority of drivers involved in Across Path (57.1%) and
Rear Impact crashes as the striking driver (63.6%) did not apply the brakes in the lead up to the crash.
Overall, the mean braking time was 1.32 seconds, with 50% of drivers braking for less than 1.09 seconds and
50% longer (i.e., median braking time). Braking time ranged from 0.01 seconds to 6.45 seconds. The mean
braking time was longer for drivers involved in Lane Departure crashes (1.42 s.) compared to drivers involved
in Across Path (1.18 s) and Rear Impact crashes (1.09 s). The effect of this braking on achieving reductions in
vehicle travel speed to impact speed is discussed below.

6.2.5.3 Reduction in travel speed to impact speed with and without braking
The effect of braking on reducing vehicle travel speed to impact is important to consider. While the absolute
reduction in vehicle speed is of value, with crashes occurring across different speed zones – and there being
differences across the different crash types, the percent reduction is more meaningful in this context. This is
shown in Figure 6.4A for all vehicles involved in crashes, Figure 6.4B for non-braking vehicles and Figure 6.4C
for braking vehicles.

FIGURE 6.4A

CHANGE IN VEHICLE SPEED FROM PRE-CRASH SPEED TO IMPACT SPEED (INCLUDES
BRAKING AND NON-BRAKING VEHICLES)
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FIGURE 6.4B

CHANGE IN VEHICLE SPEED WITHOUT BRAKING, FROM PRE-CRASH SPEED TO IMPACT
SPEED

FIGURE 6.4C

CHANGE IN VEHICLE SPEED WITH BRAKING, FROM PRE-CRASH SPEED TO IMPACT SPEED
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Across all vehicles, the mean reduction in travel speed to impact speed was found to be 24.1%, which in absolute
terms was -16.7 km/h. There was however a significant difference in the magnitude of this reduction for drivers
that braked (-31.0%) compared to drivers that did not (-15.6%).
Two observations can be made in relation to the ratio of speed reduction between drivers that braked and those
that did not:
1.

The reduction in travel speed to impact speed was approximately double for drivers who braked with
the exception of MAIS 3+ Rear Impact crashes.

2. The reduction from travel speed to impact speed for drivers involved (striking) in Rear Impact crashes
was marginal (-3.1%) compared to drivers that braked pre-crash (-14.5%); hence, where drivers braked
pre-crash they reduced their speed at impact from their travel speed by a factor of 4.7 compared to
drivers that did not brake prior to the crash.
With respect to crash type, the reduction in the vehicle speed, both in absolute terms and percent terms,
associated with pre-crash braking was higher for vehicles involved in Lane Departure crashes (-26.4 km/h; 32.2%) than for vehicles involved in Across Path (-19.6 km/h; -29.6%) and Rear Impact crashes (-16.8 km/h;
-26.0%) (Table 6.7). These reductions were marginally less for vehicles involved in MAIS 3+ crashes (Figure
6.4). This can be linked back to differences in the mean braking time, discussed above.
A key take out of this analysis is the low proportion of travel speed that is ‘wiped-off’ in the lead up to a crash,
even for drivers that did brake. Of particular note was that the speed reduction among the 44% of drivers that
did not brake was -15.6%; in absolute terms this translates to, on average, an 8.4 km/h reduction in pre-crash
travel speed to impact. This has very significant implications for how crash energy – and hence injury risk,
can be managed. This is examined further in ECIS Report 2 and ECIS Report 4.
These findings are meaningful as they provide insight into avoidance actions pre-crash, particularly with
respect to braking and its effect on reducing speed prior to a crash. The finding that nearly half of all crashinvolved drivers do not brake at all is profound. Given that 26.2% of all crashes involved a driver(s) exceeding
the speed limit is further cause for concern, particularly as impact speed directly translates to higher injury
severity (Chapter 7).
In addition to pointing to technology-based vehicle crash avoidance systems, the findings further reinforce the
importance of setting speed limits cognisant of vehicle safety performance and the surrounding road
infrastructure. Ensuring compliance with these speed limits is also essential.
Finally, on a technical note, there are two points to consider in interpreting these braking values:
1.

Brake application time follows the driver reaction time, which was based on age appropriate measures.
Brake application points were based on physical evidence at the crash scene, other inputs from the
crash investigation process, and/or conservative assessments made in the course of the crash
reconstruction based on sight distance and road geometry.

2. The distance travelled under braking depends on a number of factors, including brake type (e.g., ABS),
wheel-lock and skidding (i.e., non-ABS), vehicle mass, road surface, and initial travel speed. These
factors combine to determine the deceleration profile of the vehicle(s), which in turn directly relates
to the travel speed of the vehicle at impact. These are accounted for in the crash reconstruction
program.
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6.3

VEHICLE FACTORS AND CRASH OCCURRENCE

Vehicle-related factors, defined in Table 6.8, contributed to the occurrence of 6.4% of crashes overall (MAIS
3+ crashes: 7.8%) but were more prominent as contributing factors in Lane Departure crashes (11.1%; MAIS
3+: 11.8%) than in Across Path (1.7%; MAIS 3+ crashes: 1.7%) and Rear Impact crashes (1.5%; MAIS 3+: 0.0%).
Vehicle tyre condition was the most commonly identified vehicle-related contributing factor, evident in 4.8%
of all crashes (MAIS 3+: 5.9%) and 8.5% of Lane Departure crashes (MAIS 3+ crashes: 8.7%). Tyre condition
factors most commonly related to significant loss of uniform tread, worn (bald) tread or grossly mismatched
tyre pressures. Vehicle tyre condition was not singularly related to the crash event, but was seen to influence
crash events when the road surface quality was poor, where weather conditions were compromised and/or
vehicle travel speed was excessive or inappropriate for the prevailing road conditions.
Headlight function was also seen to be a contributing factor in a small proportion of crashes; this related to
one or both lights not functioning. Critical vehicle failure (broken suspension, steering) prior to a crash was
also rare but was primary cause of the crash where this occurred.

TABLE 6.8

VEHICLE-BASED CONTRIBUTING FACTORS FOR CRASH OCCURRENCE

FACTORS

DESCRIPTION
Condition of tyre, whether mismatch, or tread level, associated with crash via lack of traction or
via compromised braking.

Tyre condition
Headlight (non)function

Status of headlights on vehicle; whether fully active or not working.

Critical vehicle failure

Catastrophic failure of part of vehicle, e.g., steering, braking systems.

Falling load

Load falling off own, or other, vehicle that directly impacts or requires evasion to avoid direct
impact.

TABLE 6.9A

PERCENTAGE OF CRASHES WHERE VEHICLE FACTORS ACTED AS A CONTRIBUTING
FACTOR FOR CRASH OCCURRENCE (ALL SEVERITIES)
ALL CRASHES
(N = 393)†

CRASH TYPE
LANE DEPARTURE
(N = 199)

ACROSS PATH
(N = 117)

REAR IMPACT
(N = 68)

Vehicle factor

6.4%

11.1%

1.7%

1.5%

Tyre condition

4.8%

8.5%

1.7%

0.0%

Headlight (non)function

0.5%

1.0%

0.0%

0.0%

Critical vehicle failure

0.8%

1.0%

0.0%

1.5%

Falling load

0.3%

0.5%

0.0%

0.0%

VEHICLE CONTRIBUTING FACTORS

† includes 9 ‘other’ crashes not shown as crash type.

TABLE 6.9B

PERCENTAGE OF CRASHES WHERE VEHICLE FACTORS ACTED AS A CONTRIBUTING
FACTOR FOR CRASH OCCURRENCE (MAIS 3+)

VEHICLE CONTRIBUTING FACTORS

MAIS 3+
CRASHES
(N = 205)†

CRASH TYPE
LANE DEPARTURE
(N = 127)

ACROSS PATH
(N = 59)

REAR IMPACT
(N = 14)

Vehicle factor

7.8%

11.8%

1.7%

0.0%

Tyre condition

5.9%

8.7%

1.7%

0.0%

Headlight (non)function

1.0%

1.6%

0.0%

0.0%

Critical vehicle failure

1.0%

1.6%

0.0%

0.0%

Falling load

0.5%

0.8%

0.0%

0.0%

† includes 5 ‘other’ crashes not shown as crash type.
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6.4

ROAD INFRASTRUCTURE FACTORS AND CRASH OCCURRENCE

6.4.1

Road infrastructure as contributing factors for crash occurrence

Road infrastructure factors, defined in Table 6.10, were seen to have played a contributory role in the
occurrence of 28.8% of crashes (MAIS 3+ crashes: 30.7%), although they were more common in Lane
Departure (34.7%; MAIS 3+: 35.4%) and Across Path crashes (30.8%; MAIS 3+: 28.8%) than Rear Impact
crashes (10.3%; MAIS 3+: 0.0%) (p ≤ 0.05).
These factors were seen to adversely influence driver perception and behaviours such that they directly
contributed to, or exacerbated, driver performance failures, including errors and other behaviours (Section
6.2). These factors were also classified as having contributed to the crash if they adversely impacted the stability
of the vehicle, vehicle traction, and whether they compromised the ability to, or the performance of, crash
avoidance actions.

TABLE 6.10

ROAD INFRASTRUCTURE CONTRIBUTING FACTORS FOR CRASH OCCURRENCE

ROAD INFRASTRUCTURE FACTORS
Road surface condition

DESCRIPTION
Includes defects such as pot-holes; poor road condition; poor condition of road
shoulder; changing surface / texture

Foreign substance on road

Includes any substance on road including oil, petrol, pooled water.

Road design and layout

Includes adverse super-elevation, alignment, curvature, double apexes.

Road signage / navigation

Includes: confusing or misleading alignment / layout; absent or confusing line
marking; lack of appropriate signage and/or poor placement; absent or poor road
edge delineation.

Road structure and topography

Includes topography, such as dips and crests; narrow road; lack of defined lanes.

Environmental factors impacting visibility

Visibility adversely affected environmental factors such as rain, fog, and sun-glare.

Vision obscured by object / roadworks

Vision obscured by roadside object (e.g., fence, built structure, tree) and/or
roadworks

6.4.1.1 Road surface condition
Poor quality road surface was seen to be a contributing factor in 6.4% of crashes, with this being more common
as a contributing factor in Lane Departure crashes (11.6%; MAIS 3+ crashes: 9.4%). This included road surface
degradation indicated by ‘bleeding’ of the surface, as well as the presence of potholes, road surface changes,
poor condition of the road shoulder, and the poor condition of unsealed roads as seen by loose gravel and
horizontal and longitudinal corrugations. Where road surface conditions played a role in the occurrence of
crashes, driver-related factors co-occurred, leading to significant deviations from normal driving. In these
instances, the road surface was considered to play a role in loss of vehicle traction and to have negatively
impacted vehicle control resulting in unsuccessful avoidance actions including sub-optimal braking once the
initial deviation from safe driving occurred.

6.4.1.2 Foreign substance on road
Standing water and/or oil was noted to be present and to have played a role in the occurrence of 4.6% of
crashes. As a contributing factor, this was most confined to Lane Departure crashes (8.0%).

6.4.1.3 Road design
Road design as a factor relates to the alignment, curvature – including sight distance, and camber of the road.
These factors were considered to have played a role in influencing vehicle handling and/or driver behaviour.
Using these characteristics, road design factors played a role in the occurrence of 8.1% of crashes, with this as
high as 14.5% of Across Path crashes.

6.4.1.4 Road signage and navigation
Aspects relating to road signage and navigation were classified to have acted as a contributing factor in 11.2%
of crashes overall, 17.1% of Across Path crashes (MAIS3+: 20.3%), 10.6% of Lane Departure crashes (MAIS3+:
11.8%) and 2.9% of Rear Impact crashes.
These aspects included an absence or sub-optimal placement of appropriate hazard (road) advisory warning
signs or directional signs, as well as poor, misleading or absent line markings and delineation. These features
were considered for their role in influencing driver decision-making, and by extension, driver error.
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TABLE 6.11A

PERCENTAGE OF CRASHES WHERE ROAD INFRASTRUCTURE ACTED AS A CONTRIBUTING
FACTOR FOR CRASH OCCURRENCE (ALL SEVERITIES)

ROAD INFRASTRUCTURE
CONTRIBUTING FACTORS

ALL CRASHES
(N = 393) †

Infrastructure factor

CRASH TYPE
LANE DEPARTURE
(N = 199)

ACROSS PATH
(N = 117)

REAR IMPACT
(N = 68)

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 design

8.1%

6.0%

14.5%

2.9%

Road signage / navigation

11.2%

10.6%

17.1%

2.9%

Road structure

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.

TABLE 6.11B

PERCENTAGE OF CRASHES WHERE ROAD INFRASTRUCTURE ACTED AS A CONTRIBUTING
FACTOR FOR CRASH OCCURRENCE (MAIS 3+)

ROAD INFRASTRUCTURE
CONTRIBUTING FACTORS

MAIS 3+
CRASHES
(N = 205) †

Infrastructure factor

CRASH TYPE
LANE DEPARTURE
(N = 127)

ACROSS PATH
(N = 59)

REAR IMPACT
(N = 14)

30.7%

35.4%

28.8%

0.0%

Road surface condition

5.9%

9.4%

0.0%

0.0%

Foreign substance on road

4.9%

7.1%

1.7%

0.0%

Road design

8.3%

6.3%

13.6%

0.0%

Road signage / navigation

13.7%

11.8%

20.3%

0.0%

Road structure

8.8%

12.6%

3.4%

0.0%

Environmental factors adversely
impacting visibility

2.9%

2.4%

5.1%

0.0%

Vision obscured by object, roadworks

3.9%

1.6%

8.5%

0.0%

† includes 5 ‘other’ crashes not shown as crash type.

6.4.1.5 Road structure and features
Structural features and characteristics were seen to have acted as contributing factors for the occurrence of
8.1% of crashes, with this being higher for Lane Departure crashes (11.6%) than Across Path (5.1%) and Rear
Impact crashes (4.4%). These related to road topography, in particular the presence of dips and crests, which
acted to influence vehicle handling and available sight distances for drivers. Other features included narrow
roads (including lanes) leading to difficult passing and use of the available shoulder, as well as a lack of defined
lanes.
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6.4.1.6 Visibility-related factors
Compromised visibility due to weather conditions, including rain, fog and sun-glare was a contributing factor
for 2.8% of crashes (MAIS 3+ crashes: 2.9%), however this was higher for Across Path crashes (6.0%; MAIS
3+: 5.1%) than Lane Departure crashes (2.0%; MAIS 3+ crashes: 2.4%). Compromised visibility due to weather
conditions was not a contributing factor in Rear Impact crashes.
Obstruction of vision due to the presence of a roadside object was seen to have been a contributing factor in
7.7% of Across Path crashes (MAIS 3+ crashes: 8.5%) and to a lesser extent in Lane Departure crashes (1.0%).
Based on these data, site-related visibility factors were more commonly seen to be contributing factors for
Across Path crashes. This highlights the need for improved intersection design and a potential role for
technology in preventing these crashes.

6.4.2

Association between latent infrastructure risk and driver error

The data above points to the co-occurrence of multiple factors implicated in crash occurrence. A major area of
interest is failures of driver performance, particularly as it relates to driver error. As shown, a range of road
infrastructure factors were seen to contribute to the occurrence of crashes. A key question relates to the
relationship, if any, between road infrastructure and driver error as it relates to crash risk. This sub-section
explores this link.
The concepts of error by design and self-explaining roads capture risk embedded into the design and layout
of road environments. This perspective states that through compromised design – and the convergence of
multiple road infrastructure factors, the implicit crash risk at such locations due to driver error is high. That
is, the road is built in such a way that the potential for driver error is high. Self-explaining roads, on the other
hand, act to provide drivers with appropriate cues such that any risk of driver error is minimised, or eliminated,
through road design.
To explore this, each crash location was assessed as to whether or not it met the criteria for latent
infrastructure risk. This was done independently of the crash circumstance, and according to the following
criteria:
1.

Adverse or compromised road geometry (straight or curves) characterised by converging lanes, the
presence of narrow width turn lanes (or bus stop / other short-term parking), and/or two or more
converging roads at offset angles (with or without lane markings, including centre-line absent).

2. The presence of crests (rise) or dips on midblock (straight, curve) sections, or on approach to
intersections with midblock environments.
3. Narrow lanes (bitumen, gravel) with no or poor shoulder, with or without unprotected roadside objects
(straight, or curve).
4. Misleading line markings combined with other road geometry flaws (e.g., crest) on approach to
intersections.
5.

Poorly delineated intersections, rendering these as not obvious due to lack of environmental cues
and/or lane markings and adequately placed traffic control signals or signs (i.e., in sight line).

6. Poor quality road surface with adverse camber or alignment on high speed curves.
7.

Poorly placed traffic control signs (not in sight line), and/or absent or poorly placed advisory signs.

8. Insufficient infrastructure control of turn lanes to avoid cross-traffic manoeuvre.
High speed zone (80 km/h and higher) is a defining component of criteria 1) to 8).
These environments are characterised by poor sight distance and/or compromised road or environmental
features. Taken together, latent infrastructure risk can be summarised as the road infrastructure failing to
provide the driver sufficient warnings, and/or opportunity to safely navigate a location either through the
presence or absence of these specified infrastructure features by making appropriate and safe decisions. These
relate to sight (vision) distance, gap acceptance, the ability to make timely and appropriate judgements
concerning oncoming traffic, the navigation of curves and turns, and identification of intersections through
appropriate delineation and geometry.
The analysis presented in Figure 6.5 shows that at locations where infrastructure latent risk was assessed to be
present, driver error was a contributing factor in 72.4% of crashes compared to 55.6% at locations where latent
infrastructure risk was absent. It can be stated then that the odds of a driver making an error at these locations
was 2.05 times that of drivers at non-latent error locations (OR: 2.04, 95% CI: 1.21 – 3.44, p≤0.01), or
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alternatively, using a relative risk measure, the risk of a driver committing an error at these locations was 58.7%
higher (RR: 1.58, 95%CI: 1.10 – 2.28, p≤0.01).
For MAIS 3+ injury crashes (n = 205), this same relationship between latent infrastructure risk and driver
error was evident, although due to the lower number of crashes this association was not statistically significant.
Driver error was seen to be a contributing factor in 66.7% of crashes at locations where latent infrastructure
risk was present compared to 50.0% at locations where latent infrastructure risk was absent (χ2(1) = 3.92, p =
0.048; OR: 2.00, 95% CI: 1.00 – 3.99, p=0.07). It can also be stated that the risk of a driver committing an
error in locations where a latent infrastructure risk was present was 50.0% higher than at locations where no
latent risk was evident (RR: 1.50, 95%CI: 0.97 – 2.32, p=0.07).

No latent infrastructure risk

No latent infrastructure risk

FIGURE 6.5

ALL CRASHES

MAIS 3+

Latent infrastructure risk present

Latent infrastructure risk present

DRIVER ERROR BY THE PRESENCE OF LATENT INFRASTRUCTURE RISK, ALL CRASHES AND
MAIS 3+ CRASHES
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6.5

CONCLUDING COMMENT

The ECIS program set out to document the full range of factors that were associated with the occurrence of
serious injury crashes. Through a comprehensive data collection process and meticulous reconstruction of
crashes, a detailed forensic analysis of these 393 crashes has been achieved.
Driver-related factors, those related to the vehicle and the road environment were all found to act as
contributing factors, with their relative contribution to crashes differing across crash type and crash severity.
The co-occurrence of individual driver contributing factors was common, while the number and type of driverrelated performance task failures (86.5% of crashes) – including driver error (59.5%), volitional acts relating
to driving itself (44.0%) and inattention (48.6%), as well as health and driver state factors (41.7%) and noncompliant behaviour (56.2%) highlights the complexity of managing driver safety. Indeed, in all but two
crashes (0.5%), driver factors were identified as having contributed to the occurrence of each crash (99.5%).
This result highlights the complexity of factors that lead to crashes, and also suggests that a dominant or
singular focus on a particular driver-based factor may not result in elimination of the crash.
The findings also provide comprehensive and robust evidence as to the effect of vehicle travel speed on crash
occurrence and crash risk. In addition to finding that driving in a manner inappropriate to the prevailing traffic
conditions, exceeding the speed limit was observed to be a contributing factor for 26.2% of all crashes and
36.6% of high severity MAIS 3+ crashes, and this was higher in Lane Departure crashes (all: 33.7%; MAIS 3+:
40.2%).
The importance of vehicle speed choice was further reinforced though the case-control analysis that
demonstrated a clear relationship with travel speed and the risk of being involved in a crash. Simply put, crash
risk is higher as travel speed increases beyond the speed limit, even for low level speeding. Specifically, it was
shown that exceeding the speed limit by 3 km/h increased the risk of crash involvement by 25%, whilst
exceeding the speed limit was associated with a 44.4% higher risk of crash involvement when travelling 5 km/h
above the speed limit. Crash risk more than doubled when travelling 10 km/h above the speed limit. The effect
of travelling in excess of the speed limit carries with it a higher crash risk for Across Path crashes than for Lane
Departure crashes. This result is intuitive given the nature of vehicle movements in Across Path crashes, the
potential for conflict and dependence on key driver performance factors. The findings also highlight the safety
benefits associated with driving below the speed limit. For instance, travelling 10 km/h below the speed limit
was associated with a 39.6% lower risk of a Lane Departure crash and a 63.7% lower risk of being involved in
an Across Path crash.
From a crash avoidance perspective, 70.4% of drivers did not exhibit any steering avoidance actions. The
results also showed that slightly more than half of all drivers (55.0%) involved in crashes applied the vehicle
brakes immediately prior to the crash. Where drivers did brake, the mean braking time was 1.32 seconds, with
half braking for less than 1.09 seconds. The practical outcome of this was a 31%, on average, reduction of
vehicle travel speed to impact.
Taken together, these results highlight the importance of ensuring driver compliance with speed limits. Given
the range of driver-related factors that acted as contributory factors for crashes, vehicle-based technology
solutions are likely to be a key mechanism to manage compliance with the speed limits in the longer run.
Vehicle-factors and road infrastructure factors were also appraised to have contributed to crash occurrence.
While vehicle factors largely related to tyre factors, the incidence of catastrophic vehicle failure was low (0.5%).
Road infrastructure factors – including road surface conditions, road design, factors relating to road signs and
navigation aids, among other factors, were seen to have played a contributory role in 28.8% of crashes.
The findings highlight the complex interplay of factors across the driver, the road environment, and to a lesser
degree, vehicle-related factors. These results reinforce the need to adopt a Safe Systems approach in seeking
to manage the number and severity of road crashes. This is further reinforced by the finding that driver error
was higher in locations characterised as having a latent design risk. This demonstrates the necessity of ensuring
road design supports driver decision-making rather than impeding or complicating this decision process
further.
To conclude, the findings presented in this chapter provide clear direction as to the factors that ought to be
targeted in future road safety strategies and action plans. The co-occurrence of multiple contributing factors
highlights the challenge in seeking to reduce road crashes. Indeed, it may prove that some driver-related
factors may be more resistant to modification and control than others. This issue, and the range of potential
countermeasures that may influence each of these factors is the subject of ECIS Report 4.
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7

FACTORS ASSOCIATED WITH INJURY SEVERITY

With the long-term goal being the elimination of serious injury, this chapter set out to provide a detailed
exposition of factors associated with serious injury in a manner consistent with the Safe System approach.
This is achieved by:
1.

Documenting driver and vehicle factors contributing to serious injury.

2. Documenting factors that impact the ability of emergency service personnel to provide care.
3. Examining the statistical relationship between impact speed and serious injury.
4. Examining the interplay between vehicle safety performance, impact speed and serious injury.
Collectively, this will provide a detailed examination of factors that influence injury severity.

7.1

DRIVER-RELATED INJURY FACTORS

Driver-related in-vehicle factors contributed to the occurrence of injury for 11.3% of drivers. This was
principally associated with not wearing a seat-belt, while sitting out-of-position and in-vehicle objects also
played a role. These factors were more evident among drivers injured in Lane Departure crashes (14.9%) than
those injured in Across Path (5.8%) and Rear Impact crashes (7.2%) (Table 7.1A, Table 7.1B, Appendix Table
F.1, F.2).
Seat-belt non-use was an injury-related contributing factor in 6.8% of crashes, with this being higher (9.9%)
in drivers injured in Lane Departure crashes compared to Across Path (2.5%) and Rear Impact crashes (4.3%).
Seat-belt non-use was marginally higher among drivers with MAIS 3+ injuries (7.4%; Lane Departure crashes:
10.3%). The incorrect use of seat-belts was also observed among 1.0% of injured drivers and 1.6% of drivers
who sustained MAIS 3+ injuries. As shown in Appendix Table F.1 and F.2, seat-belt non-use was associated
with 4.8% of drivers who sustained MAIS 1 injuries and 7.0% of drivers who sustained MAIS 2 injuries.
Sitting out-of-position has important consequences for the optimum interaction of drivers with airbags in
crashes (where fitted), as well as optimal performance of seat-belts. 196 Sitting out-of-position (i.e., not upright,
on an angle, leaning on the B-pillar, reaching across) was appraised to have acted as an injury-related
contributing factor for 2.3% of injured drivers and 3.2% of drivers who sustained MAIS 3+ injuries.
Loose objects in the vehicle (1.0%) and an object(s) on the driver’s lap (0.3%) were associated with the
occurrence of injury for a low proportion of drivers.

196 Hault-dubrulle A, Robache F, Drazetic P, Guillemot H, Morvan H. Determination of pre-impact occupant postures and analysis of
consequences on injury outcome—Part II: Biomechanical study. Accident Analysis and Prevention. 2011; 43(1): 75-81.
Hallman J, Yoganandan N, Pintar F A. Door velocity and occupant distance affect lateral thoracic injury mitigation with side airbag.
Accident Analysis and Prevention. 2011;43(3):829–839.
Marklund P O, Nilsson L. Optimization of airbag inflation parameters for the minimization of out of position occupant injury.
Computational Mechanics. 2003; 31(6):496–504.
McGwin G, Metzger J, Porterfield J, Moran S, Rue L. Association between side airbags and risk of injury in motor vehicle collisions with
near-side impact. Journal of Trauma. 2003;55(3):430–436.
Nirula R, Mock C, Kaufman R, Rivara F P, Grossman D C. Correlation of head injury to vehicle contact points using crash injury research
and engineering network data. Accident Analysis and Prevention. 2003;35(2): 201–210.
Potula SR, Solanki KN, Oglesby DL, Tschopp MA, Bhatia MA. Investigating occupant safety through simulating the interaction between
side curtain airbag deployment and an out-of-position occupant. Accident Analysis and Prevention. 2012;49:392-403.

ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 105

TABLE 7.1A

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’ drivers not shown as crash type.

TABLE 7.1B

DRIVER-RELATED IN-VEHICLE INJURY OCCURRENCE AND SEVERITY FACTORS (MAIS 3+
CRASHES)

FACTORS CONTRIBUTING TO INJURY

ALL
DRIVERS
(N = 188) †

CRASH TYPE
LANE DEPARTURE
(N = 116)

ACROSS PATH
(N = 53)

REAR IMPACT
(N = 14)

Driver-related factors: Seating position, seat-belt use and objects in vehicle
Any factor evident

12.8%

15.5%

5.7%

14.3%

Seat-belt not used

7.4%

10.3%

1.9%

7.1%

Incorrect use of seat-belt

1.6%

1.7%

0.0%

7.1%

Seating position (e.g. out of position)

3.2%

2.6%

3.8%

0.0%

Loose object in vehicle

0.5%

0.9%

0.0%

0.0%

Object on lap

0.0%

0.0%

0.0%

0.0%

† includes 5 ‘other’ drivers not shown as crash type.
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7.2

VEHICLE-RELATED INJURY FACTORS

Vehicle-related factors were seen to play a significant role in the occurrence and severity of injuries sustained
by drivers. These factors included the absence of safety features and vehicle crashworthiness (Table 7.2A, Table
7.2B). Vehicle crashworthiness is best described as how well the vehicle performs in protecting occupants in a
crash (see Chapter 1). Impact speed and the nature of the object struck also play a role in the severity of injuries
sustained; both of these factors are examined below.
Vehicle-related factors played a role in the type and severity of injuries sustained by 69.5% of drivers, although
this was higher for drivers injured in Lane Departure crashes (77.2%) than those injured in Across Path crashes
(66.7%) and Rear Impact crashes (50.7%) (p ≤ 0.05). A clear relationship exists between driver injury severity
and the level of protection afforded by the vehicle to occupants (Figure 7.1). That is, the vehicle-related factors
played a critical role in the severity of injuries sustained by drivers. This can be seen by the very high proportion
of drivers with MAIS 3+ injuries where the lack of safety features and/or the crashworthiness of the vehicle
contributed to injuries sustained. The contribution of each of these factors to injury is discussed in turn.

FIGURE 7.1

7.2.1

PERCENT OF DRIVERS BY INJURY SEVERITY WHERE VEHICLE-RELATED FACTORS PLAYED
A CONTRIBUTORY ROLE IN THE OCCURRENCE AND SEVERITY OF DRIVER INJURY, BY
DRIVER INJURY SEVERITY

Crashworthiness, safety features and other factors

The most common vehicle safety-related factor associated with driver injury was a lack of airbags (30.5%). This
was particularly evident for drivers involved in Lane Departure crashes (39.6%) (p ≤ 0.05). It is especially
notable that 44.1% of drivers who sustained MAIS 3+ injuries were in vehicles that lacked an airbag system.
This finding points to a fundamental deficiency in the occupant protection level of the crash-involved vehicles.
The inability of the vehicle to manage the energy of the crash effectively and protect the driver was seen by the
proportion of crashes where the level of intrusion into the occupant cabin was a factor (10.5%). Excessive
intrusion was seen to be a contributing factor to the injuries sustained by 17.6% of drivers with MAIS 3+
injuries, with this higher for drivers injured in Lane Departure crashes (19.0%) and Across Path crashes
(20.8%).
In line with the excessive degree of intrusion, a number of other occupant protection failures were evident,
each having a bearing on the severity of injuries sustained. These failures contributed to a high proportion of
drivers being trapped in the vehicle post-crash due to structural deformation of the vehicle (48.8%), with this
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being as high as 61.9% of drivers injured in Lane Departure crashes being trapped in the vehicle post-crash;
notably, 74.1% of drivers who were involved in Lane Departure crashes that sustained MAIS 3+ injuries were
trapped in the vehicle post-crash, this being significantly higher than was the case for drivers involved in Across
Path and Rear Impact crashes (p ≤ 0.05). These results are important as they point to a very high level of
energy associated with the crash event itself, as well as the low level of occupant protection offered by the
vehicle.
Other factors contributing to injuries sustained by drivers included vehicle fire causing burn injuries, a critical
load shift onto and within a vehicle, and full body or partial ejection from the vehicle.

TABLE 7.2A

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)

69.5%

77.2%

66.7%

50.7%

38.3%

48.0%

35.8%

15.9%

Lack of airbags

30.5%

39.6%

28.3%

8.7%

Front airbag function

1.5%

2.0%

0.8%

1.4%

Side airbag function

1.0%

0.5%

2.5%

0.0%

Inadequate restraint

2.3%

2.5%

0.8%

2.9%

Excessive intrusion

10.5%

12.9%

12.5%

1.4%

Vehicle stiffness

3.8%

5.0%

3.3%

1.4%

Door opening / failure

0.3%

0.5%

0.0%

0.0%

Seat failure

0.5%

0.0%

0.0%

2.9%

Critical load shift

0.3%

0.5%

0.0%

0.0%

Vehicle fire

0.5%

1.0%

0.0%

0.0%

34.7%

35.1%

35.3%

30.8%

2.8%

3.5%

0.8%

1.4%

48.8%

61.9%

38.3%

27.5%

Vehicle-related factor
Any factor evident
Vehicle safety aspects
Any factor evident

Vehicle load
Fire
Vehicle-to-vehicle incompatibility (excludes single vehicle crashes)
‘Gross' incompatibility
Occupant ejection (complete, partial)
Ejection evident
Occupant entrapment
Trapped due to vehicle deformation
† includes 9 ‘other’ drivers not shown as crash type.
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TABLE 7.2B

VEHICLE-RELATED INJURY OCCURRENCE AND SEVERITY FACTORS (MAIS 3+)

FACTORS CONTRIBUTING TO INJURY

ALL
DRIVERS
(N = 188)†

CRASH TYPE
LANE DEPARTURE
(N = 116)

ACROSS PATH
(N = 53)

REAR IMPACT
(N = 14)

84.6%

85.3%

84.9%

71.4%

53.7%

56.9%

54.7%

28.6%

Lack of airbags

44.1%

47.4%

43.4%

21.4%

Front airbag function

2.1%

2.6%

1.9%

0.0%

Side airbag function

2.1%

0.9%

5.7%

0.0%

Inadequate restraint

2.7%

2.6%

0.0%

7.1%

Excessive intrusion

17.6%

19.0%

20.8%

0.0%

Vehicle stiffness

6.4%

7.8%

3.8%

7.1%

Door opening / failure

0.0%

0.0%

0.0%

0.0%

Seat failure

0.0%

0.0%

0.0%

0.0%

Critical load shift

0.5%

0.9%

0.0%

0.0%

Vehicle fire

0.5%

0.9%

0.0%

0.0%

40.0%

34.6%

47.2%

25.0%

4.3%

4.3%

1.9%

7.1%

66.5%

74.1%

58.5%

42.9%

Vehicle-related factor
Any factor evident
Vehicle safety aspects
Any factor evident

Vehicle load
Fire
Vehicle-to-vehicle incompatibility (excludes single vehicle crashes)
‘Gross' incompatibility
Occupant ejection (complete, partial)
Ejection evident
Occupant entrapment
Trapped due to vehicle deformation
† includes 5 ‘other’ drivers not shown as crash type.
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7.2.2

Vehicle incompatibility

Vehicle incompatibility has been shown previously to have a significant impact on the severity of injuries
sustained by vehicle occupants.
Various definitions of vehicle incompatibility exist, however common to all is that vehicles involved in a crash
are mismatched on mass and their geometry profile such that crash energy is unevenly distributed between
the vehicles. 197 This gives rise to the concept of vehicle ‘aggressivity’ of a vehicle. The MUARC Used Car Safety
Rating Program (UCSR) has examined vehicle aggressivity in detail with specific vehicles performing poorly
on this metric. 198 In simple terms, vehicle aggressivity reflects how likely a vehicle is to injure an occupant of
another vehicle, given its involvement in a crash.
The term gross incompatibility was used to capture a significant mismatch between the geometry and mass of
the vehicle being driven by the ECIS driver and the other vehicle(s) involved in the crash. This included
instances where a light, small or medium passenger car, or small SUV, medium SUV or people-mover impacted
with a commercial vehicle or large SUV. Gross incompatibility was also considered to be present when any
vehicle driven by an ECIS driver was involved in an impact with a truck or a bus.
Gross incompatibility was evident in 34.7% of multi-vehicle crashes, and this was higher with increasing levels
of injury severity, particularly Across Path crashes (Figure 7.2). Whilst not accounting for potential differences
in impact speed, this result indicates that a mismatch between the mass and geometry of crash-involved
vehicles has a significant influence on the severity of injury sustained by drivers.

FIGURE 7.2

PROPORTION OF ECIS DRIVERS INVOLVED IN CRASHES WHERE GROSS INCOMPATIBILITY
WAS PRESENT, BY DRIVER INJURY SEVERITY

197 Acierno S, Kaufman R, Rivara FP, Grossman DC, Mock C. Vehicle mismatch: injury patterns and severity. Accident Analysis and
Prevention. 2004;36(5):761-72.
Anderson R, Ponte G. Contribution of structural incompatibility to asymmetrical injury risks in crashes between two passenger vehicles.
Journal of the Australasian College of Road Safety. 2012; 23(4): 33-42.
Gabler HC, Hollowell WT. The Crash Compatibility of Cars and Light Trucks. Journal of Crash Prevention and Injury Control.
2000;2(1):19-31.
van der Sluis J. Vehicle compatibility in car-to-car collisions. SWOV, Leidschendam, 2000.
Vernick JS, Tung GJ, Kromm JN. Interventions to reduce risks associated with vehicle incompatibility. Epidemiologic Reviews.
2011;34(1):57-64.
198 Newstead S V, Watson L M, Keall M D, Cameron M H. Vehicle safety ratings estimated from police-reported crash data: 2017
update - Australian and New Zealand crashes during 1987-2015. Clayton: Monash University Accident Research Centre; 2017.
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7.3

POST-CRASH FACTORS

A number of post-crash factors were noted that impacted the ability of emergency medical services to rapidly
access and treat the injured driver and other involved occupants. These related principally to the difficulty of
accessing the crash scene due to remote location, difficult terrain or narrow roads, as well as difficulty of
occupant extrication due to significant vehicle intrusion causing entrapment. These factors were more
common in Lane Departure crashes than was the case for Across Path and Rear Impact crashes.
Prolonged patient transport was a consequence of remote location, and on occasion resourcing constraints due
to multiple occupants requiring transportation at the same time, in which case the initial receiving hospital
was a regional hospital rather than one of the two adult trauma centres in Victoria.
There were a number of instances where an injured driver self-extricated and presented to a hospital
emergency department some time later, either having called an ambulance or being taken to hospital by a
relative or friend.

TABLE 7.3A

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)

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%

2.0%

1.5%

0.8%

5.8%

Post-crash: Emergency services operations
Any factor evident

Post-crash: Other factors
Self-extrication and delayed treatment
† includes 9 ‘other’ drivers not shown as crash type.

TABLE 7.3B

POST-CRASH FACTORS (MAIS 3+ CRASHES)
ALL
DRIVERS
(N = 188) †

CRASH TYPE
LANE DEPARTURE
(N = 116)

ACROSS PATH
(N = 53)

REAR IMPACT
(N = 14)

31.9%

39.7%

20.8%

21.4%

Access for HEMS: remote, weather

2.1%

2.6%

1.9%

0.0%

Delayed notification

6.4%

9.5%

1.9%

0.0%

Complex extrication

26.6%

35.3%

11.3%

21.4%

Prolonged transport

3.7%

2.6%

7.5%

0.0%

0.0%

0.0%

0.0%

0.0%

FACTORS CONTRIBUTING TO INJURY

Post-crash: Emergency services operations
Any factor evident

Post-crash: Other factors
Self-extrication and delayed treatment
† includes 5 ‘other’ drivers not shown as crash type.
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7.4

IMPACT SPEED AND INJURY SEVERITY

Having established the role that vehicle travel speed plays in crash risk, a question remains as to the
relationship between impact speed and the injury. Previous research has demonstrated a strong relationship
with impact speed and injury severity, however these have used measures of crash energy such as delta-V. 199
These energy-based measures are calculated using computer programs and use the concept of the amount of
energy required that would produce the observed amount of crush or vehicle deformation.
While metrics such as delta-V provide a measure of crash severity, they are more difficult to interpret with
respect to speed of the vehicle(s) at impact. A key advantage of using impact speed is that the links between
travel speed, braking, impact speed, and injury outcomes are clearer.
Having completed detailed reconstructions for ECIS crashes, the relationship between impact speed and ECIS
driver injury severity was examined. Taking this a step further, relating impact speed to the ‘engineered-in’
safety of the vehicle has important implications for vehicle safety and road infrastructure design, particularly
with respect to the setting of speed limits.

7.4.1

The relationship between impact speed and serious injury

There was a strong relationship between impact speed and the probability of ECIS drivers sustaining an MAIS
3+ injury (Figure 7.3). For frontal impact crashes, the odds of a driver sustaining an MAIS 3+ injury increased
by 2.4% for every 1 km/h increase in impact speed. While the increase in the odds of drivers involved in side
impact crashes (i.e., left or right-side impact) was somewhat lower for each 1 km/h increase in impact speed
(2.1%), the probability of injury at any given impact speed was higher. For instance, the probability of a driver
sustaining an MAIS 3+ injury in a frontal crash at 60 km/h was found to be 51% (95%CI: 45% - 59%) whereas
for side impact crashes this was 59% (95%CI: 47% - 70%).

FIGURE 7.3

PROBABILITY (95% CONFIDENCE INTERVALS) OF AN ECIS DRIVER SUSTAINING AN MAIS 3+
INJURY IN FRONTAL IMPACT AND SIDE IMPACT CRASHES BY IMPACT SPEED

199 Berg F A, Walz F, Muser M, Buerkle H, Epple J. Implications of velocity change delta-v and energy equivalent speed (EES) for
injury mechanism assessment in various collision configurations. Proceedings of the 1998 international IRCOBI Conference on the
Biomechanics of Impact; Göteborg, Sweden; 1998.
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As another example, the probability of a driver sustaining an MAIS 3+ injury in a frontal crash at an impact
speed of 30 km/h was found to be 34% (95%CI: 25% - 45%) compared to 43% (95%CI: 29% - 58%) if the impact
was to the side of the vehicle.
In summary, the two key findings from this analysis are:
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. However, 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.
From an analytical perspective, the frontal impact statistical probability model was adjusted for the collision
object and for whether the crash was a single vehicle or multiple vehicle crash. In contrast, the impact speed
injury probability model for side impact crashes included only the impact speed. This highlights the dominance
of impact speed in driving serious injury outcomes in the side impact crash configuration. For frontal impact
crashes however, the nature of the striking / struck object has an important influence on the probability of
injury; hence, the adjusted probability curve represents the average risk of a driver sustaining MAIS 3+
injuries, adjusted for the type of crash and object struck. It is noted that the relationship between impact speed
and driver injury severity is examined more fully in ECIS Report 2.
From a technical perspective, determining the relevant impact speed for driver injury was straightforward for
single vehicle crashes. However, this was more complex for multiple vehicle side impact crashes. In selecting
the relevant impact speed for the driver of interest, a distinction was made between the striking and struck
vehicle. For a driver struck in a side impact crash, the travel speed of the ‘on-coming’ vehicle was most relevant;
however, if the driver of interest was the striking driver – and they had a frontal impact, their impact speed
was used. For drivers involved in frontal crashes, the higher of the two vehicle speeds was used.
In sum, the analysis demonstrates a clear relationship between impact speed and the probability of sustaining
serious injury. In interpreting this result, it is important to be cognisant of the analysis presented in Chapter 6
which demonstrated an association between travel speed and crash risk, as well as highlighting the braking
performance of crash involved drivers.
Two important links remain to be made:
1.

What proportion of crashes occur where the impact speed was beyond the design speed of the vehicle
with respect to safety performance? This is referred to as the ‘safety envelope of the vehicle’ in this
Report.

2. What proportion of crashes occur at impact speeds beyond the design speed of the vehicle with respect
to safety performance, given compliance and non-compliance with the speed limit.
By relating impact speed to the ‘engineered-in’ safety performance of vehicles and how these vehicles perform
in providing protection against serious injury, a deeper understanding of the role of vehicle safety requirements
can be achieved. This is especially pertinent given the point made by Tingvall and colleagues (see Chapter 1),
that ultimately it will be vehicle manufacturers and road designers that in collaboration will need to set speed
limits.

7.4.2

The safety envelope of vehicles: the relationship between impact speed, the ‘engineered-in’ safety of
vehicles and serious injury

This section introduces and explores the link between vehicle safety performance, impact speed and injury. It
is important to understand the relationship between vehicle crash tests and injury. This is an important context
for understanding the complex inter-dependencies between drivers, vehicles and the road environment.

7.4.2.1 Vehicle crash tests and the protection of occupants against injury: the critical role of the vehicle in eliminating
serious injury
The control of mechanical energy once crashes occur is central to achieving reductions in the number of people
killed and injured in crashes. Indeed, it is worth restating Haddon’s point here that in seeking reductions in
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road trauma, the objective “is not a priori to prevent accidents per se” 200(p.1434) but rather the elimination or
reduction of injury and death. As discussed in Chapter 1, Haddon later stated that ‘crash packaging’ was a
priority and worked towards establishing the NCAP in the United States as a way to measure vehicle safety
performance.
This view was based on the fact that injuries occur when the human body experiences mechanical forces that
exceed a specific level. 201 Forces can be direct or indirect, with the injuries from the latter resulting from
inertial forces. Simply put, the higher the force the human body experiences the higher injury severity. In more
common language, the harder the hit, the higher the injury. That this is the case in relation to vehicle impacts
was demonstrated in section 7.4.1 of this Report.
The importance of controlling crash energy to prevent injury was re-iterated by Tingvall when outlining Vision
Zero. Indeed, the necessity that ‘physical forces on road users remain within human tolerances’ pervades
current systems thinking. 202 203 In practice, it is stated that ‘…the [road transport] system must rely on a
balance between travel speeds and the inherent safety of infrastructure and vehicles.’ 204
The essential point here is this: the goal is to ensure that the forces experienced by occupants in crashes are
below the threshold level where serious injury is sustained. The safety performance of vehicles, or level of
occupant protection, is therefore a key component of the road transport system.
The question is: How is the safety of a vehicle measured? And who is responsible? Understanding this is
important for linking measured impact speed against the ‘engineered-in’ safety of vehicles, and by extension,
the implications for the setting of speed limits.

7.4.2.2 The purpose of vehicle crash tests as used by regulatory authorities and New Car Assessment Programs
Vehicle crash tests are conducted in the laboratory under controlled conditions. The purpose of these tests is
to assess the ability of vehicles to protect occupants in crashes from injury. The key parameter is the amount
of force crash test dummies, also known as anthropometric crash test dummies (ATDs), experience. The ATD
has many points of measurement across different body regions where forces are recorded. These ATDs are of
different shapes and sizes, and are designed to represent adult males, adult females, and children of different
ages.
Through the study of impact biomechanics (see Chapter 1), crash test criteria are set based on the correlation
between the level of force and injury severity across different body regions. These force criteria are correlated
to the probability of a human occupant sustaining serious injury and are theoretically set below the MAIS 3+
injury severity level. This is the link between vehicle design and its role in reducing serious injury.
Crash tests are highly controlled events and are specific to one type of impact at a pre-defined speed. Due to
the specificity of these tests, multiple crash tests are used to ensure occupants are protected from serious injury
across all common crash types that occur on the road network.
In designing vehicles, vehicle manufacturers conduct laboratory-based crash tests as well as computer-based
simulations. This is a critical step in the design process.
By law, for manufacturers to sell vehicles in Australia the vehicle must be subjected to, and pass, a number of
different crash tests. These are known as Australian Design Rules (ADRs). As performance-based standards,
these tests ensure that vehicles meet a minimum safety level for specific crash configurations, such as frontal
impact crashes and side impact crashes. Vehicles are crashed into barriers that simulate other vehicles and
poles. The pass / fail criterion is based on the amount of force the ‘crash test dummy’ experiences in different
body regions. The ADR crash test battery, or regulations, are shown in detail in Appendix Table F.4.
In addition to these regulatory crash tests, there are a large number of other component-based regulations that
vehicles must meet, for instance, ADR 31 (brake systems for passenger cars) and electronic stability control
(ADR 88, from 1 July 2019). These are not discussed here.
As a supplement to the mandatory vehicle safety regulations, the ANCAP program (and its related bodies
worldwide) was implemented as a consumer-based information program (see Chapter 1). Using a different
200 Haddon W Jr. The changing approach to the epidemiology, prevention, and amelioration of trauma: the transition to approaches
etiologically rather than descriptively based. American Journal of Public Health. 1968; 58(8):1431-38.
201 Nahum A, Melvin J W. Accidental injury: Biomechanics and prevention, Second Edition. Springer-Verlag: New York; 2002.
202 National Road Safety Strategy, Australia, https://www.roadsafety.gov.au/nrss/safe-system.aspx
203 Global status report on road safety: time for action. Geneva, World Health Organization; 2009.
www.who.int/violence_injury_prevention/road_safety_status/2009
204 Tingvall C, Haworth N. Vision Zero: an ethical approach to safety and mobility. Paper presented to the 6th ITE International
Conference Road Safety and Traffic Enforcement: Beyond 2000, Melbourne, 6-7 September 1999.
https://www.monash.edu/muarc/archive/our-publications/papers/visionzero
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battery of crash tests, the ANCAP program rates vehicle safety performance using a star-based system (see
Appendix Table F.5).
Like the regulatory ADR tests described above, forces recorded by the ATDs in the crash tests are used as the
basis of the scoring system. However, unlike the regulatory crash tests that use a pass-fail criterion, ANCAP
uses ‘…a sliding scale system of points scoring to calculate points for each measured criterion’ 205 across each
body region. In simple terms, the lower the forces experienced by the ATD in the crash test - and hence the
lower the risk of injury, the higher the points awarded. Vehicles scoring 5-stars offer the highest degree of
protection to occupants in the event of a crash (see: https://www.ancap.com.au/).
A key point of difference between the regulatory vehicle tests and the ANCAP tests is the ability to discriminate
vehicles on the basis of the probability of injury. While vehicle manufacturers must meet the minimum
standards specified in the design regulations, the Australian New Car Assessment Program (ANCAP)
demonstrates that there is wide variation in the level of protection provided to occupants. The analysis
presented in Section 4.5.3 of this Report demonstrates this point.
While the discussion above is limited to passive safety requirements, ANCAP test protocols also include a
number of active safety technologies in its scoring system. Active safety technologies such as Auto Emergency
Braking (AEB) are seen to be valuable technologies that can have the effect of reducing the speed of the vehicle
at impact. 206 By combining passive safety requirements with active safety systems, the impact forces can be
further reduced.
The key points to note in this discussion are:
1.

Vehicles are crashed at pre-defined impact speeds.

2. Crash tests are conducted to emulate different types of impact configurations in the real-world.
3. Crash test dummies, known formally as an Anthropometric Test Device (ATD), are used to measure
the forces at the time of the impact. These ATDs are based on specific human dimensions. Depending
on the requirements of the crash test, different size ATDs are used, meaning vehicles are assessed for
their level of protection for adult males, adult females and children.
4. ANCAP star-ratings are tiered on the basis of the likelihood of injury to occupants, based on the forces
measured by the ATDs.
Linking these points, the level of protection provided by vehicles against injury are defined by these
parameters. The essential point is this: the crash test speed represents the upper boundary where
the protection against serious injury is theoretically assured for 5-star rated vehicles.
By way of example, the current ANCAP frontal crash test emulates a frontal offset impact 207; that is, the impact
is left or right of the centre of the front of the vehicle (see Appendix Table F.5). This type of impact is common
in Lane Departure and Across Path crashes. The test speed for this crash test is 64 km/h. This is the impact
speed of the vehicle. The same interpretation applies for all other crash tests; that is, the test speed equates to
the impact speed. Force measurements are taken from the ATDs at impact, and hence, the vehicle is optimally
designed to meet these test requirements. This ensures the risk of serious injury across multiple body regions
is minimised. The implications of this in relation to the practical implementation of an inherently safe road
transport system where serious injury is eliminated is discussed below.

7.4.2.3 Impact speed limits required to protect drivers from serious injury
Following from above, the ANCAP crash test requirements includes threshold limits on the level of force the
ATDs can be exposed to across each body region, the goal of which is to minimise the risk of MAIS 3+ injuries.
How well the test requirement is met translates to the number of safety stars awarded to the vehicle by ANCAP.

205 ANCAP Assessment Protocol - Adult Occupant Protection v8.0.3 p.5. https://www.ancap.com.au/technical-protocols-and-policies
206 Anderson R, Doecke S, Mackenzie J, Ponte G. Potential benefits of autonomous emergency braking based on in-depth crash
reconstruction and simulation. Proceedings of the 23rd International Technical Conference on the Enhanced Safety of Vehicles (ESV).
Seoul, Republic of Korea; 2013.
Kim E, Donghyun S, Kwon Y, Seo B, Lim D, Cho H, Unger M. The Cooperative Control of AEB and Passive Safety Systems for
Minimizing Occupants' Injury in High Velocity Region. Proceedings of the 25th International Technical Conference on the Enhanced
Safety of Vehicles (ESV). Detroit Michigan, United States; 2017.
Strandroth J, Rizzi M, Kullgren A, Tingvall C. Head‐on collisions between passenger cars and heavy goods vehicles: Injury risk functions
and benefits of Autonomous Emergency Braking. Proceedings of IRCOBI Conference. Dublin, Ireland; 2012.
Doecke S, Anderson R, Mackenzie J, Ponte G. The potential of autonomous emergency braking systems to mitigate passenger vehicle
crashes. Proceedings of the Australasian Road Safety Research, Policing and Education Conference. Wellington, New Zealand, 4-6
October 2012.
207 ANCAP Assessment Protocol - Adult Occupant Protection v8.0.3 p.5. https://www.ancap.com.au/technical-protocols-and-policies
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The implications of this are two-fold:
1.

For vehicle occupants to be protected against serious injury, the impact speed of vehicles in crashes
must be at or below the crash test speed for a given crash configuration.

2. For vehicles to be classified as Safe Vehicles in the assessment of Safe System performance, vehicles
must meet the ANCAP 5-star rating requirements. (see Chapter 1, Chapter 8)
These concepts are not new, having been outlined by Tingvall in discussions on Vision Zero in the late 1990s.
Tingvall stated that for Vision Zero to be realised, the speed management settings of the road environment
must be set in line with the inherent safety performance of vehicles to protect occupants against serious injury.
This was described above as the ‘engineered-in’ safety of the vehicle, or alternatively, the ‘safety envelope of
the vehicle. The expression, ‘impact speed boundary condition’ is also commonly used.
Given links between crash test impact speed and injury severity, a key question for the ECIS program was:
What percentage of ECIS crashes occurred where the impact speed was higher than the vehicle’s inherent
(design) ability to protect its vehicle occupants from serious injury?
To address this question, a set of impact speed heuristics based on the impact type, the collision object and the
star-rating of the vehicle were established for use in the ECIS program. These heuristics were based on early
work of Tingvall 208 and were further developed during the ECIS Safe System Workshop program held in 2016.
These nominated impact speeds shown in Table 7.4 represent the maximum tolerable impact speed (km/h)
where serious injury can be avoided. This speed therefore represents the ‘safety envelope’ of the vehicle, or the
vehicle boundary condition. Conceptually, serious injuries are highly probable when the collision impact speed
exceeds this impact speed. This simply recognises the physical engineering limits of vehicles to protect
occupants beyond certain impact speeds and was based on knowledge of vehicle crash test procedures
described above.

TABLE 7.4

HEURISTICS FOR THE ASSESSMENT OF IMPACT SPEED (KM/H) AND VEHICLE SAFETY LIMITS
(BOUNDARY CONDITIONS) BY ANCAP STAR RATING

IMPACT TYPE

VEHICLE TYPE /
COLLISION PARTNER

ANCAP STAR-RATING AND THRESHOLD IMPACT
SPEED (KM/H)
5

4

3

2

1

Frontal – fully distributed

Passenger car / Fixed object

<65 (either A† or B‡)

<55

<50

<40

<30

Frontal offset

Passenger car / Fixed object

<64 (either A or B)

<50

<40

<30

<30

Frontal narrow offset

Passenger car / Fixed object

<40 (either A or B)

<30

<30

<20

<20

Side oblique / sideswipe, rollover

Passenger car / Fixed object

<50 (B for A; A for B)

<40

<30

<20

<20

Side oblique

4WD / Van

<40 (B for A; A for B)

<30

<20

<20

<20

Side oblique

Truck / Bus

<20 (B for A; A for B)

<10

<10

<10

<10

Side pole / fixed object

SVC

<30

<20

<15

<10

<10

Rear

Speed differential for vehicles: 20 km/h (all vehicles)

ANCAP rules for vehicles not rated, star-rating based on year of manufacture (based on average): Pre-1990; 1: 1990-1999; 3: 2000-2009; 4: 2010-2013; 5: 2014+
† A: refers to ECIS case vehicle; ‡B: refers to non-case / other vehicle; highest speed used for frontal impacts; bullet vehicle speed used for side impact crashes
Source: Modified from ECIS Safe System-2 Workshop, 2016 (Melbourne) with acknowledgement of Professor Claes Tingvall and Dr Anders Lie.

The heuristics also show that for occupants of lower ANCAP star-rating vehicles, the risk of AIS 3+ injury can
also be minimised, however, the impact speed for each crash configuration must be commensurately lower. 209
208 The boundary condition concept in relation to vehicle impacts and occupant safety in respect of Vision Zero was outlined by Prof.
Tingvall. The heuristics developed here acknowledge this work, and the contribution of Dr Anders Lie and Dr Johan Strandroth through
the ECIS Safe System Workshops held Melbourne, Australia, in 2016.
209 This point is important when considering system wide Safe Roads and speed management settings in the context of the safety of the
entire fleet.
ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 116

This occurs because the injury forces recorded by the ATD that result in MAIS 3+ injuries occur at a lower
impact speed in these poorer performing vehicles. Hence, the only way to keep the risk of AIS 3+ injuries at a
minimal level is to reduce the amount of energy the occupant is exposed to in the crash, which translates to a
lower maximum impact speed.
The remainder of this chapter applies these heuristics to assess the proportion of crashes where the impact
speed occurred within or outside of the safety envelope of the vehicle.

7.4.2.4 Estimation of ECIS crashes where the impact speed exceeded the occupant protection capability (safety limit)
of the vehicle(s)
Applying the impact speed heuristics presented in Table 7.4 for each crash, it can be seen that 70% of ECIS
crashes occurred at an impact speed outside of the safety envelope of the vehicle given its ANCAP star-rating,
impact type and collision partner (Figure 7.4).
That is, impact speed was higher than the impact speed where the engineered-in safety of the vehicle could be
expected to protect the occupants from serious injury. As expected, the proportion of these crashes where the
impact speed was outside of the safety envelope of the vehicle(s) was highest for crashes where MAIS 3+
injuries were sustained (81.5%) compared to MAIS 2 (65.2%) and MAIS 1 crashes (46.1%) (p ≤ 0.05).
These findings demonstrate a fundamental mismatch between the impact speeds and the ability of the vehicle
to protect occupants from serious injury. The implication of this finding is that the majority of crashes occur
at impact speeds beyond the inherent safety performance of the crash-involved vehicle(s) that occur on
Victorian roads.

FIGURE 7.4

PERCENT OF CRASHES WHERE THE IMPACT SPEED WAS WITHIN OR OUTSIDE THE SAFETY
ENVELOPE OF THE VEHICLE, BY CRASH SEVERITY
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The proportion of crashes where the impact speed was within the specified impact speed boundary by crash
type is presented in Table 7.5. It can be observed that:
•

78.9% of Lane Departure crashes occurred at an impact speed higher than the impact speed boundary
for the involved vehicle(s), meaning that these crashes occurred outside of the safety envelope of the
vehicle. As expected, this percentage was higher for crashes resulting in MAIS 3+ injuries, with 82.7%
occurring at impact speeds beyond the inherent safety capability of the vehicle to protect its occupants
from serious injury.

•

Approximately 90% of Lane Departure head-on crashes occurred at an impact speed higher than the
boundary condition safety threshold. This links directly to the high injury severity and high average
and total financial cost of these crash costs to the TAC and to the Victorian community (see Chapter
3).

•

The impact speed of 62.4% of Across Path crashes was higher than the threshold impact speed. Of
particular note was that in 95% of MAIS 3+ injury crashes where a vehicle entered a carriageway, the
impact occurred at a speed outside of the safety envelope of the vehicle. Linking this to the earlier
analysis, a high proportion of these crashes involved side impact crashes on roads with high speed
limits (Chapter 5, Section 5.3).

•

For Rear Impact crashes, 57.4% of impacts occurred at impact speeds in excess of the safety envelope
of the vehicle. Nearly all of the Rear Impact crashes that resulted in MAIS 3+ injuries occurred at
impact speeds in excess of the impact speed safety boundary.

TABLE 7.5

PERCENT OF CRASHES WHERE THE IMPACT SPEED WAS WITHIN OR OUTSIDE THE SAFETY
ENVELOPE OF THE VEHICLE, BY CRASH TYPE

CRASH TYPE

ALL CRASHES

MAIS 3+

WITHIN

OUTSIDE

WITHIN

OUTSIDE

All crashes

30.0%

70.0%

18.5%

81.5%

Lane Departure crashes

21.1%

78.9%

17.3%

82.7%

Off road to left

27.9%

72.1%

28.6%

71.4%

Off road to right

25.0%

75.0%

17.6%

82.4%

Head-on (curve)

10.5%

89.5%

11.1%

88.9%

Head-on (straight)

11.5%

88.5%

10.0%

90.0%

Across Path crashes

37.6%

62.4%

22.0%

78.0%

To enter carriageway

26.8%

73.2%

5.0%

95.0%

Turn across

52.4%

47.6%

50.0%

50.0%

Cross traffic

40.0%

60.0%

25.8%

74.2%

Rear Impact crashes

42.6%

57.4%

7.1%

92.9%

At intersection

48.0%

52.0%

16.7%

83.3%

In traffic (midblock)

23.1%

76.9%

0.0%

100%

Into parked vehicle in midblock

64.7%

35.3%

0.0%

100%

An important, but expected, finding was that the majority of crashes that resulted in an MAIS 3+ injury
occurred at an impact speed in excess of the specified boundary condition safety threshold for the involved
vehicle(s). However, that a proportion of crashes resulting in MAIS 3+ injuries occurred within the specified
impact speed boundary conditions highlights the challenge in eliminating serious injury crashes by relying on
the safety performance of the vehicle alone.
This finding might also indicate that the nominated impact speed boundary condition thresholds shown in
Table 7.4 were set too high. This means that the impact speed threshold at which serious injuries are eliminated
needs to be set lower than those specified in Table 7.4. The implication of this for Safe Road design, including
the setting of speed limits, and the need to improve the safety performance of vehicles is profound.

ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 118

7.4.2.5 Impact speed and vehicle boundary condition impact speed: the importance of the speed limit and speed limit
compliance
Impact speed is strongly correlated with vehicle travel speed. In turn, the permitted travel speed is defined by
speed limits. To link the safety performance of vehicles directly with permissible travel speed – and hence
speed limit setting, it is of value to examine the proportion of crashes where the impact speed boundary
condition limit was exceeded across speed zones. Following this, a further question is whether there was any
observable effect of speed limit compliance on whether the impact speed fell within or outside of the vehicle
safety boundary condition limit.
The association between speed limits and the speed at impact relative to specified boundary
conditions
There were clear differences in the proportion of crashes that occurred within the impact speed boundary
condition of the involved vehicle(s) across the different speed zones (p ≤ 0.05) (Figure 7.5; see Table 7.4 for
impact speed heuristics).
For instance, the impact speed for 58.3% of crashes where the involved driver(s) were travelling within 60
km/h and lower speed limit zones was within the vehicle safety envelope, defined by the impact speed
boundary condition. In contrast, this reduced to 30.4% of crashes that occurred in 70 km/h speed zones and
to as few as 17.0% of crashes that occurred in 100 km/h speed zones. In effect, this is stating that in the majority
of crashes on roads with speed limits of 70 km/h or higher, the design standard of the involved vehicles is
insufficient to protect occupants from serious injury.
This is a crucial finding, particularly when linked to the finding that approximately only half of all involved
drivers braked (55%), and when they did it was for 1.3 seconds, the result of which was an average speed
reduction of 31%.

Note: 90 km/h and 110 km/h speed zones not shown in the chart due to low numbers in ECIS. In crashes that occurred in 110 km/h speed zones (4 crashes), none
involved drivers exceeding the speed limit, however 3 of the 4 were outside the vehicle safety boundary condition); for crashes that occurred in 90 km/h zones (4
crashes), drivers in 3 crashes did not exceed the speed limit, nonetheless, all four crashes (100%) were outside the impact speed boundary condition.

FIGURE 7.5

CRASHES WHERE THE IMPACT SPEED WAS WITHIN OR OUTSIDE OF THE SAFETY
ENVELOPE OF THE VEHICLE, BY SPEED LIMIT COMPLIANCE
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That 41.7% of crashes within 60 km/h speed zones occurred at impact speeds beyond the impact speed
boundary condition further reinforces the mismatch between vehicle safety standards and speed limit settings.
Here it is important to note that the ANCAP frontal offset crash test is performed at 64 km/h, while the side
impact vehicle-to-vehicle test is undertaken at 50 km/h (Appendix Table F.5).
The need to focus on improving the safety of the passenger vehicle fleet is clear, whether this be achieved by a
more rapid fleet turnover so more of the vehicles in the registered fleet satisfy ANCAP 5-star safety
requirements, improved passive safety requirements and/or by the increased installation of active safety
systems such as AEB as standard equipment. ECIS Report 4 discusses these options more fully.
Having said this, it is important to note that the impact speed exceeded the boundary condition impact speed
for 41.7% of crash-involved 5-star rated vehicles; in comparison, this was 71.1% for non-5-star rated vehicles.
This finding demonstrates that even for the safest vehicles currently available, the speed at impact is outside
of the engineered-in safety envelope of these vehicles to protect occupants from serious injury, although the
scenario is worse still for lower safety rated vehicles.
The effect of speed limit compliance on the speed at impact relative to specified boundary
conditions
A strong association between speed limit compliance and whether the impact speed of the crash was within
the vehicle safety impact speed boundary condition was observed.
Overall, for crashes of vehicles travelling within the speed limit, 35.9% of these crashes occurred at impact
speeds within the impact speed boundary condition for the involved vehicle(s). In contrast, for crashes where
the involved vehicle(s) were travelling above the speed limit, only 13.6% of these crashes occurred at impact
speeds within the impact speed boundary condition. The influence of exceeding the speed limit on whether the
speed at impact was beyond the impact speed boundary condition was evident in each speed zone.
Given these findings, it can be stated that the odds of the crash impact speed being above the vehicle safety
boundary condition threshold when the involved driver(s) exceeded the speed limit was 3.55 times that of
drivers compliant with the speed limit (OR: 3.55, 95% CI: 1.93 – 6.58, p≤0.01). This demonstrates the
significantly higher odds of the vehicle impact being beyond the safety envelope of the vehicle when travelling
in excess of the speed limit.
Tying the threads of impact speed, speed zone and speed limit compliance together
The findings show that most crashes occur at impact speeds outside of the safety envelope of the involved
vehicle(s) as defined by the impact speed boundary condition defined by vehicle safety star-rating, impact type
and collision partner. It was also the case that the proportion of crashes occurring within the specified
boundary condition reduced at each successively higher speed limit. Non-compliance with the speed limit in
these higher speed limit environments further potentiates this risk to the point where serious injury is the most
likely, if not inevitable outcome.
These findings have important implications for speed limit setting, vehicle safety as well as speed limit
compliance. This latter point is particularly important given the increased risk of being involved in a crash
associated with exceeding the speed limit, as shown in Chapter 6 (Section 6.2.4). This link between the
permissible vehicle travel speed–as dictated by the speed limit that is set with regard to the road infrastructure
(Safe Roads), impact speed (Safe Vehicles) and speed limit compliance – as well as seat-belt use (Safe Drivers)
is the essence of the systems-based approach to road safety and the creation of an inherently safe road
transport system. This concept as it applies to the Victorian road transport system is explored in Chapter 8.
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7.5

CONCLUDING COMMENT

This chapter set out to document vehicle-related contributing factors for serious injury, to examine the
statistical relationship between impact speed and serious injury, and to examine the proportion of crashes that
occurred where the impact speed was beyond the inherent safety envelope of vehicles to protect occupants
from serious injury.
The analysis highlighted the significant role that the lack of adequate safety of vehicles plays in injury
occurrence and injury severity. Vehicle-related factors play a role in the type and severity of injuries sustained
by 69.5% of drivers, although this was higher for drivers involved in Lane Departure crashes (77.2%) than
Across Path (66.7%) and Rear Impact crashes (50.7%). Of note was the finding that 6.8% of involved drivers
were not wearing their seat-belt at the time of the crash, while sitting out-of-position was also seen to be a
contributory factor in the occurrence of injury.
A clear relationship was also found between the lack of vehicle safety features, as well as low levels of
crashworthiness, and injury severity. Lack of airbags and excessive levels of intrusion into the occupant cabin
were key factors associated with injury severity. Half of all drivers (48.8%) were trapped due to vehicle
deformation, with this increasing to 66.5% of drivers with MAIS 3+ injuries. Using this as an index of crash
severity, Lane Departure crashes were especially severe, with 74.1% of drivers trapped in their vehicle due to
vehicle deformation. Related to this, the severity of injury was higher where vehicles were classified to be
grossly incompatible with one another based on mass and/or geometry. The need to address this is critical.
While not the subject of this chapter, Chapter 4 reported that 35.0% of drivers struck a roadside object of which
47.1% sustained MAIS 3+ injuries, further highlighting the role of roadside infrastructure in driving injury
outcomes.
A number of post-crash factors that impacted emergency service operations were apparent. These related to
patient access due to occupant entrapment and difficult extrication, as well as delays in notification and
prolonged transport times due to remote locations and in a few instances, resource constraints. These factors
were out of the control of the emergency medical services, reflecting both the high-speed nature of these
crashes – particularly those that occurred in regional Victoria, the wide operational coverage area, and the
centralised location of Victoria’s two adult trauma centres. This report does not suggest in any way that these
aspects impacted on the quality of care and longer-term outcome of any of the injured vehicle occupants in
these crashes. Technologies such as Automatic Crash Notification offer promise in minimising post-crash
notification time, while measures that minimise vehicle crush would likely aid emergency services personnel
in accessing the injured vehicle occupant.
A further important finding relates to the relationship between impact speed and injury severity such that the
probability of sustaining MAIS 3+ injuries increases with increasing impact speeds. Further, the probability of
injury at any given impact speed was higher for drivers involved in side impact crashes than for those involved
in frontal crashes. This finding is important in its own right, but considering that approximately half of the
involved drivers applied the brake – and for only a short period, with relatively little speed reduction effect
adds a further dimension to this analysis when considering possible countermeasures.
The chapter also examined in detail the relationship between impact speed and the ‘engineered-in’ safety of
vehicles. By linking these crash test speeds with injury outcomes, an assessment was made as to the proportion
of ECIS crashes that occurred outside of the engineered-in safety envelope of the vehicle to protect occupants
from serious injury. This analysis showed that 70% of crashes occurred at impact speeds beyond the safety
envelope of the vehicle to protect occupants from serious injury. In higher speed zones, fewer crashes occurred
within the safety envelope of involved vehicles, and non-compliance with the speed limit reduced this further.
Critically, even for drivers compliant with the speed limit, crashes occurred at impact speeds beyond the ability
of the vehicle to protect them from serious injury. This effect was not limited to vehicles with lower safety
ratings with 41.7% of 5-star rated vehicles above the boundary condition impact speed threshold. The results
demonstrate that even in the best currently available vehicles, occupants sustained serious injuries due to crash
impact speeds being beyond the engineered-in safety of these vehicles.
The findings highlight the need to align vehicle safety standards and road infrastructure settings. Indeed, the
need to mitigate these risk factors for serious injury by ensuring speed limits are set in the context of the
surrounding roadside environment and safety infrastructure is pressing. Driver compliance with these speed
limits is a fundamental system prerequisite for safety outcomes to be achieved. Similarly, the need to improve
the occupant protection level of the passenger car fleet and increase the availability of active safety technologies
designed to mitigate impact speed, such as AEB, is urgent.
To conclude, this chapter provides robust evidence of the role of specific factors associated with the type and
severity of injuries sustained. This provides an important basis not only for the identification of
countermeasures that address each contributing factor, but the evidence required for action.
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8

A PATHWAY TOWARDS ZERO PASSENGER VEHICLE SERIOUS
INJURIES

This chapter aims to examine the core principle of Vision Zero that is shared by the Safe System approach, this
being, that for serious injury to be eliminated the road transport system needs to be inherently safe.
With the Safe System approach being the basis of successive Victorian road safety strategies, the findings of
this analysis will have important implications for achieving the ambition of zero serious injuries on Victorian
roads.

8.1

RECAP OF THE CONCEPTUAL UNDERPINNINGS OF AN INHERENTLY SAFE
ROAD TRANSPORT SYSTEM: THEORY INTO PRACTICE

A detailed discussion of the principles of Vision Zero and the Safe System approach was provided in the
Introduction of this report (Chapter 1). A basic recap is provided below for immediacy.
The hypothesis of the Vision Zero Model of Safe Travel and the Safe System approach is that once the elements
of the road transport system are optimised, the system is considered to be inherently safe and serious injury
will be eliminated.
For this to be achieved, the following conditions must be met:
1.

The usage rules of the road transport system are set with regard to the safety of vehicles and road
infrastructure.

2. Compliance with these rules by drivers is required.
3. The safety of vehicles, and the vehicle fleet, must be optimised.
4. Speed limits are matched to the road infrastructure and done so in consideration of the safety provided
by vehicles.
The scientific basis for each condition is robust and the findings of the ECIS program provide further support
and new insights into these relationships, including:
1.

That there is a strong correlation between travel speed and impact speed (Chapter 6).

2. Braking behaviour modifies the correlation between travel speed and impact speed, noting that not all
drivers brake and the reduction in speed is proportionately low (Chapter 6).
3. That there is a strong correlation between impact speed and injury severity (Chapter 7).
4. That while the speed limit defines vehicle travel speed, as displayed by drivers, a sizeable group of
drivers do not comply with these speed limits, thereby simultaneously exacerbating their crash risk at
higher impact speeds than if they complied with the speed limit (Chapter 6, 7).
5.

That the impact configuration (frontal head-on crash; intersection side impact crash) combined with
impact speed plays a defining role in the number, type and severity of injuries sustained (Chapter 47).

6. That while the vehicle itself provides a level of protection against serious injury through passive safety
measures (e.g., airbags, crumple zones, seat-belt optimisation) and in reducing impact speed through
active safety technologies, once the manufacturer-defined engineering performance limit is exceeded,
the ability of the vehicle to withstand the crash energy and protect the occupant(s) from serious injury
is limited (Chapter 7).
7.

That road infrastructure, surrounding land use and roadside objects, can both facilitate and constrain
the implementation of safety measures, which themselves can vary in their crash prevention and injury
mitigation effectiveness.

This discussion highlights the role of total system design and inter-dependencies of all elements of the road
transport system. This also means that in creating a safe transport system, one system element cannot be
traded-off against another.
To give this discussion its practical meaning in the context of ECIS, the key questions to be answered through
the in-depth investigation of serious injury crashes are:
1.

Does the concept of the inherently safe road transport system hold, as it applies to the elimination of
serious injury?
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2. To what extent does the Victorian road transport system meet established criteria of a safe road
transport system as measured through the study of serious injury crashes?
3. Are there differences in the extent to which the criteria of the three system elements are met?
4. Are there differences in the degree to which the criteria of the three system elements are met across
crash types and injury severity?
5.

What opportunities for improving Victoria’s road safety performance exist?

In order to address these questions, the criteria against which Safe System performance is measured need to
be defined.

8.2

CRITERIA FOR THE ASSESSMENT OF AN INHERENTLY SAFE ROAD
TRANSPORT SYSTEM

To operationalise the Safe System approach, three system elements were defined: Safe Drivers; Safe Vehicles;
and Safe Roads. Requirements concerning vehicle speed were embedded within each system element.
Drawing on previous research conducted in Sweden by Stigson and colleagues 210, criteria for the assessment
of Safe Drivers, Safe Vehicles and Safe Roads were established. These criteria were modified for use in the ECIS
program during the ECIS Safe System Workshops I and II held in 2016 and subsequent research work.
Of note is that in the work of Stigson et al. (2011)224, serious injury was defined as an MAIS 3+ injury at the
person level. The same definition was used here; however, this was expressed as MAIS 3+ as the injury severity
assessment was based on all occupants injured in the crash.
The performance criteria for Safe Drivers, Safe Vehicles, and Safe Roads are presented in Table 8.1. The
rationale for each is as follows:
•

Safe Driver: These criteria were identified as being required for the safe control of a motor vehicle,
both in normal driving and in being able to respond to any sudden threat or deviation to normal
driving.
The Safe Driver criteria was split into two components:
1.

Compliance behaviours: This included legislative requirements for compliance with the road
laws pertaining to speed limits, driving under the influence of alcohol and/or illicit drugs.
Seat-belt use was included here as this relies upon a manual action of the occupant and it is a
legal requirement to use a seat-belt where fitted in a vehicle.

2. Driver state: This included driving with excessive drowsiness and/or abuse of prescription
medication, this being limited to benzodiazepines and opioid-based (narcotic) analgesics and
at a level beyond the prescribed dose or obtained by means other than through a doctor.
•

Safe Vehicle: As a marker of optimised vehicle safety, a Safe Vehicle was one that satisfied the
ANCAP 5-star crash safety rating criteria at the time of testing, had both frontal and side airbags fitted,
and was fitted with ESC. It is acknowledged that these criteria can evolve as technology improves.
These criteria also need to be read in the context of the Safe Roads performance criteria as they are
highly interdependent.

•

Safe Roads: The speed limit is the primary criteria that defines Safe Roads. Given the differences in
the risk of serious injury across different crash types, the associated (or paired) infrastructure
requirements differ.
Embedded in these criteria is knowledge of the safety performance limits of vehicles in protecting
occupants against serious injury when crashes occur, as well as crash impact speeds and driver-vehicle
braking performance. Therefore, the appropriate setting of speed limits is central to achieving an
inherently safe road transport system. Higher speed limits were considered appropriate when the
roadside infrastructure ensures complete separation of traffic and protection from fixed objects or
through intersection design. It is also worth noting that in some instances these infrastructure

210 Stigson H. Use of car crashes resulting in fatal and serious injuries to analyze a safe road transport system model and to identify
system weaknesses. Traffic Injury Prevention. 2009;10(5):441-50.
Stigson H. Evaluation of safety ratings of roads based on frontal crashes with known crash pulse and injury outcome. Traffic Injury
Prevention. 2009;10(3):273-278.
Stigson H, Kullgren A, Krafft M. Use of car crashes resulting in injuries to identify system weaknesses. The 24th International Technical
Conference on the Enhanced Safety of Vehicles (ESV) Washington, D.C., June 13-16, 2011.
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measures can result in the crash being avoided; for example, physical separation of oncoming vehicles
can prevent a head-on crash, although one vehicle may strike the barrier for instance.
Each criterion was determined to have been met or not met for each ECIS crash. This was based on all
information gathered for each crash event. As the analysis was based on crashes, for multiple vehicle impacts,
all criteria needed to be satisfied for all involved drivers and vehicles.

TABLE 8.1

CRITERIA OF AN INHERENTLY SAFE ROAD TRANSPORT SYSTEM†

SAFE DRIVERS

PERFORMANCE CRITERIA

Compliance-related behaviour
1.
2.
3.
4.
5.

Seat-belt worn.
Driving within the speed limit.
Not using a mobile phone (or related nomadic device).
Blood alcohol within legal limit for licence class.
No illicit drugs present.

Driver-state
1.
2.
SAFE VEHICLES

PERFORMANCE CRITERIA
1.
2.
3.
4.

SAFE ROADS

Abuse or non-prescribed use of benzodiazepines and/or opioid-based (narcotic)
analgesics.
Excessive drowsiness.
Vehicle rated as 5-star (ANCAP).
Frontal airbags fitted.
Side airbags fitted.
Electronic Stability Control (ESC) fitted.

PERFORMANCE CRITERIA

Impact Type
Lane Departure crashes: Head-on
Speed limit ≤ 70 km/h

A safe vehicle is expected to protect a road user.

Speed limit > 70 km/h

A safe vehicle plus separated lanes are required.

Lane Departure crashes: Run-off-road crashes
Speed limit ≤ 50 km/h

A safe vehicle is expected to protect a road user.

Speed limit ≤ 70 km/h

A safe vehicle plus a crash barrier or a clear safety zone 211 > 4 m wide are required.

Speed limit > 70 km/h

A safe vehicle plus a crash barrier is required.

Across Path crashes (i.e., any intersection)
Speed limit ≤ 50 km/h

A safe vehicle is expected to protect a road user.

Speed limit > 50 km/h

A safe vehicle plus grade separation or a roundabout are required.

Rear Impact crashes
Speed limit ≤ 50 km/h

A safe vehicle is expected to protect a road user.

Speed limit ≤ 70 km/h

A safe vehicle, plus with right/left turn lanes at T-junctions and intersections are required.

Speed limit > 70 km/h

A safe vehicle, plus with right/left turn lanes and provision for through movements required plus.
localised speed limit reduction (≤ 70 km/h) or property access via left turn only also required.

†Adapted from: Stigson H, Kullgren A, Krafft M. Use of car crashes resulting in injuries to identify system weaknesses. The 24th International Technical Conference
on the Enhanced Safety of Vehicles (ESV) Washington, D.C., June 13-16, 2011.

211 ‘A safety zone is a recovery area that the vehicle leaving the roadway needs in order to stop safely or that helps to reduce the crash
energy to an acceptable level so that it will not result in a fatal or serious injury’ (p.274; see also p.275): Stigson H. Evaluation of safety
ratings of roads based on frontal crashes with known crash pulse and injury outcome. Traffic Injury Prevention. 2009;10(3):273-278.
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8.3

ELIMINATION OF SERIOUS INJURY THROUGH AN INHERENTLY SAFE ROAD
TRANSPORT SYSTEM: PROOF OF CONCEPT

A key premise of Vision Zero and the Safe System approach is that in an inherently safe road transport system
no person involved in a crash would be seriously injured. A key question is therefore whether this premise
holds. With a focus on serious injury crashes, the ECIS program has the opportunity to examine this question.
To address this question, each ECIS crash was assessed against the criteria described above (Table 8.1). This
was performed for each system element individually. Crashes where the criteria of all three system elements
were met were identified. The next step was to determine whether any of the occupants involved in crashes
that met the criteria of all three system elements sustained MAIS 3+ injuries.
Of the 393 crashes in the ECIS program, eight crashes (2.0%) met the Safe Driver, Safe Vehicle and Safe Roads
criteria, thereby satisfying the conceptual definition of being inherently safe. Importantly, none of these
crashes resulted in MAIS 3+ injuries.
Of the crashes where all three criteria were met, 62.5% resulted in MAIS 1 (minor) injuries being sustained and
37.5% resulted in MAIS 2 severity injuries.
Whilst this relates to a low number of crashes, this result supports the underlying principle of Vision Zero.
That is, this result demonstrates that when all system elements are aligned, serious injury is avoided.

TABLE 8.2

PROPORTION OF ECIS CRASHES WHERE SAFETY-RELATED SYSTEM CRITERIA WERE MET,
BY CRASH SEVERITY

SYSTEM ELEMENT

ALL
(N = 393)

CRASH SEVERITY
MAIS 1 (N=76)

MAIS 2 (N=112)

MAIS 3+ (N=205)

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)

Criteria met

45.3% (178)

52.6% (40)

54.5% (61)

37.6% (77)

Criteria not met

54.7% (215)

47.4% (36)

45.5% (51)

62.4% (128)

ALL SYSTEM CRITERIA COMBINED

SYSTEM ELEMENTS
SAFE DRIVER CRITERIA

Failed criteria (not compliant)

41.5% (163)

31.6% (24)

30.4% (34)

51.2% (105)

Failed criteria (driver state)

13.2% (52)

15.8% (12)

15.2% (17)

11.2% (23)

SAFE VEHICLE CRITERIA
Criteria met

10.1% (40)

18.4% (40)

14.3% (14)

4.9% (16)

Criteria not met

89.9% (353)

81.6% (62)

85.7% (96)

95.1% (195)

Criteria met

26.0% (102)

47.4% (36)

24.1% (27)

19.0% (39)

Criteria not met

74.0% (291)

52.6% (40)

75.9% (85)

81.0% (166)

SAFE ROADS CRITERIA
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(i.) All crashes

FIGURE 8.1

(ii.) MAIS 3 + injury severity crashes

CRASHES WHERE SAFE PERFORMANCE CRITERIA WERE MET, BY SYSTEM ELEMENT
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8.4

ASSESSMENT OF THE SAFETY PERFORMANCE OF THE VICTORIAN ROAD
TRANSPORT SYSTEM THROUGH THE VISION ZERO LENS

Having seen that 2.0% of ECIS crashes satisfied the safety criteria of all three system elements, it can also be
stated that for 98% of crashes, either no criteria were satisfied, or alternatively only a single element or two
system elements were met.
As a means of identifying opportunities to reduce the number of people injured, the extent to which the Safe
Driver, Safe Vehicle, and Safe Roads criteria were met is described (Table 8.1, Figure 8.1).
The two principal findings of this analysis were:
1.

The Safe Driver criteria were met in 45.3% of crashes, compared to the Safe Vehicle criteria being met
in 10.1% of crashes, and the Safe Roads criteria being met in 26.0% of crashes.
This result highlights significant deficiencies of the vehicles involved in crashes, as well as the low
safety performance of the roads where these crashes occurred. While drivers appeared to be the ‘best
performing’ element of the system and the results could be interpreted as the ‘system’ not supporting
Safe Drivers, non-compliance with road rules was seen in 41.5% of crashes, while the driver state
criteria alone were not met by one or more drivers in 13.2% of crashes. 212

2. A strong association was found between whether system criteria were met and injury severity
(p ≤ 0.01). It can be seen that the proportion of crashes meeting the Safe Driver, Safe Vehicle and Safe
Roads criteria was lower at higher injury severity levels.
Looking at MAIS 3+ crashes, the Safe Vehicle criteria were not met for 95.1% of these crashes while
the Safe Roads criteria were not met for 81.0% of crashes and the Safe Driver criteria were not met for
62.4% of crashes. These findings could suggest a difference in the relative importance of these criteria
with respect to the severity of injury experienced in a crash, given that a crash has occurred. However,
in saying this, it is important not to discount the role of the other system elements in either the
avoidance of crashes or in protecting against the level of injury sustained, as evidenced by the benefit
of meeting all three system element criteria in protecting occupants against serious injury.
With the core principle of the systems approach being the interdependency of the Safe Driver, Safe Vehicle and
Safe Roads criteria, the extent of overlap of these three system elements in practice is of importance (Figure
8.2). As described above, all three system criteria were met in 2% of crashes, none of which resulted in MAIS
3+ injuries.

FIGURE 8.2

ASSESSING THE EXTENT OF OVERLAP OF THE SAFE DRIVER, SAFE VEHICLE AND SAFE
ROADS CRITERIA

212 For simplicity, driver non-compliance was coded for crashes in the first instance. Hence, the percent of drivers classified as noncompliant may also have failed to meet the driver state criteria. Those specified as not having met the driver state criteria did meet all
criteria relating to driver compliance.
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As shown in Figure 8.2, the Safe Driver plus the Safe Roads criteria were met in 9.2% of crashes, while the Safe
Driver plus the Safe Vehicle criteria were met in 2.5% of crashes, and the Safe Roads plus the Safe Vehicle
criteria were met in 1.5% of crashes. There was a high proportion of crashes where the criteria for only one
system element were met. Of concern was that in 35.9% of crashes none of the three criteria were met.
These findings demonstrate the large potential to reduce the number of people injured in Victoria by increasing
the extent to which these criteria are met. In stating this, it is important to reiterate the need to focus on
improvement in all three system elements, noting however the differential timeframes, cost and policy
implications of meeting the specified criteria.
In identifying system weakness as a means of identifying opportunities for countermeasure implementation,
understanding the extent to which these system criteria are met across different crash types is of value.

8.5

SYSTEM PERFORMANCE ACROSS CRASH TYPES

The extent to which system safety criteria were met for Lane Departure crashes, Across Path crashes and Rear
Impact crashes is presented in Table 8.3 and Figure 8.3. Of the crashes where all three system element criteria
were met, 1 was a Lane Departure crash (0.5%), 1 was an Across Path crash (0.9%) and 6 were Rear Impact
crashes. In contrast, for 49.2% of Lane Departure crashes, no system criteria were met, while this was 31.6%
for Across Path crashes and 8.8% of Rear Impact crashes. This is reflected in the injury severity and cost
associated with these crash types.
There were clear differences in the proportion of crashes meeting the individual Safe Driver, Safe Vehicle and
Safe Roads criteria. For example, the Safe Driver criteria were met in 31.6% of Lane Departure crashes, 61.5%
of Across Path crashes and 52.9% of Rear Impact crashes (p ≤ 0.05). Further, the proportion of crashes where
the Safe Vehicle criteria were met was low (Lane Departure: 10.0%; Across Path: 6.9%; Rear Impact: 16.2%)
(p ≤ 0.05).
It can also be seen that the Safe Roads criteria were met in 8.6% of Across Path crashes, compared to 20.1% of
Lane Departure crashes and 70.6%% of Rear Impact crashes (p ≤ 0.05). This highlights the particularly low
level of system safety offered by the road infrastructure in Across Path crashes in particular.

TABLE 8.3 CRASHES MEETING AND FAILING DEFINED SYSTEM CRITERIA, BY CRASH TYPE
CRASHES
(N = 393)†

CRASH TYPE
LANE
DEPARTURE
(N = 199)

ACROSS PATH
(N = 117)

REAR IMPACT‡
(N = 68)

Criteria met

2.0% (8)

0.5% (1)

0.9% (1)

8.8% (6)

Criteria not met

98.0% (385)

99.5% (198)

99.1% (116)

91.2% (62)

Criteria met

45.3% (178)

31.6% (63)

61.5% (72)

52.9% (36)

Criteria not met

54.7% (215)

68.3% (136)

38.5% (45)

47.1% (32)

SYSTEM DOMAIN

ALL SYSTEM CRITERIA COMBINED†

SYSTEM SUB-COMPONENTS
SAFE DRIVER CRITERIA

Fails criteria (not compliant)

41.5% (163)

53.8% (107)

30.8% (36)

26.5%

Fails criteria (driver state)

13.2% (52)

14.6% (29)

7.7% (9)

20.6%

SAFE VEHICLE CRITERIA
Criteria met

10.1% (40)

10.0% (20)

6.9% (8)

16.2% (11)

Criteria not met

89.8% (353)

89.9% (179)

93.2% (109)

83.8% (57)

Criteria met

26.0% (102)

20.1% (40)

8.6% (10)

70.6% (48)

Criteria not met

74.0% (291)

79.9% (159)

91.5% (107)

29.4% (20)

SAFE ROADS CRITERIA

† includes 9 ‘other’ crashes not shown as crash type.
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LANE DEPARTURE CRASHES

ACROSS PATH CRASHES

REAR IMPACT CRASHES

FIGURE 8.3

ASSESSING THE EXTENT OF OVERLAP OF THE SAFE DRIVER, SAFE VEHICLE AND SAFE
ROADS CRITERIA, BY CRASH TYPE
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The extent of overlap between the Safe Driver, Safe Vehicle and Safe Roads criteria for Lane Departure crashes,
Across Path crashes and Rear Impact crashes is presented in Figure 8.3. Particularly noteworthy was the
difference in the proportion of crashes where none of the three system criteria were met. This rank order also
reflects the considerably higher mean cost of injury associated with Lane Departure crashes than was the case
for drivers injured in Across Path and Rear Impact crashes (Chapter 3).
A number of additional observations are made for each crash type below.
Lane Departure crashes
The performance gap between the idealised inherently safe road transport system and the Lane Departure
crashes examined in ECIS was large. With the Safe Driver criteria alone being met in only 22.1% of these
crashes, a focus on reducing driver non-compliance (i.e., speed, alcohol and other drugs) and to a lesser extent
driver state issues (i.e., drowsiness in particular) would likely achieve reductions in the number of serious
injury crashes in the short-term. Driver non-compliance was particularly high among MAIS 3+ Lane Departure
crashes (59.1%; Table 6.6B). Longer term initiatives are required to address the considerable Safe Vehicle and
Safe Roads performance gaps identified in order for the safety of the system to be fully optimised.
Across Path crashes
Across Path crashes are complex and include front-to-side impact crashes, as well as frontal impact crashes.
Side impact crashes are particularly injurious as shown in Chapter 7 by the injury risk being higher at each
impact speed compared to frontal impact crashes.
The analysis shows that despite a relatively high proportion of Across Path crashes occurring where the Safe
Driver criteria were met, the vehicle and road infrastructure elements performed poorly. That is, there were
few crashes where the Safe Driver was supported by either Safe Vehicles, Safe Roads, or both of these criteria.
Notably though, slightly more than half of MAIS 3+ Across Path crashes met the Safe Driver criteria, with noncompliance being a key factor in driving this result.
A focus on the Safe Driver element represents an opportunity to reduce high severity intersection crashes in
the immediate term. However, the findings presented here demonstrate the pressing need to introduce
measures focussed on improving the safety of the vehicle fleet and intersection design and operation.
Rear Impact crashes
The analysis of Rear Impact crashes shows that in all but 8.8% of crashes at least one of the three system
criteria was met although only 8.8% of crashes satisfied all three system element criteria.
While half of the crashes met the Safe Driver criteria (52.9%), the proportion of crashes failing the Safe Driver
criteria due to failing to meet the driver state criteria was comparatively high (19.1%). This presents an
additional challenge and potentially opens the pathway to vehicle technology being a part-solution for this
crash type. This links with the demonstrated need to improve the Safe Vehicle element given that in only 16.2%
of crashes were the Safe Vehicle criteria met. Finally, that the Safe Roads criteria was met in 70.6% of crashes
to a large extent reflects the finding that 56.4% of Rear Impact crashes occurred on roads with a speed limit of
70 km/h or lower (Chapter 5).
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8.6

CONCLUDING COMMENT

The findings presented in this chapter highlight the opportunity and challenge in achieving the ambition of
eliminating the occurrence of serious injury in crashes in Victoria.
In an important finding, the analysis supports the underlying principle of Vision Zero and the Safe System
approach that posits when all elements of the road transport system are aligned in such a manner that the
system is inherently safe, serious injury is avoided. This occurred in 2% of crashes. That is, of the crashes where
the Safe Driver, Safe Vehicle and the Safe Roads criteria were met, no person involved in these crashes
sustained an MAIS 3+ injury. Rather, in 62.5% of these crashes, MAIS 1 severity injuries were sustained with
37.5% of crashes resulting in MAIS 2 severity injuries. The association between meeting these criteria and
lower injury severity was clear.
While this represents a small pool of crashes, this is a critical finding. That core premise of Vision Zero was
substantiated paves the way for future initiatives designed to close the existing gap between the idealised form
of the road transport system and its current state in Victoria as it relates to passenger car crashes.
That only 2% of crashes met the required standard to protect those involved against serious injury highlights
the magnitude of the task ahead. That none of the three system criteria were met in 35.9% of crashes is a
significant concern. Taking this a step further, that none of the three criteria were met in 49.5% of Lane
Departure crashes reinforces this concern and in part explains the high level of injury sustained by those
involved in these crashes.
The Safe Driver criteria were met in 45.3% of crashes, making this the best performing element of the road
transport system. That this is the case serves to further highlight the very low proportion of crash-involved
vehicles meeting the Safe Vehicle criteria (10.1%) and the Safe Roads criteria (26.0%). This was shown to differ
across crash type. This highlights the need to align road safety countermeasures with the known deficiencies
associated with each crash type. Doing so would provide the optimum crash reduction benefit across the system
as a whole.
The analysis also indicated that a proportion of Safe Drivers were not supported by the other elements of the
system. The implication is that at present, even for drivers meeting the Safe Driver criteria, there are
fundamental weaknesses in the transport system that have the effect of exposing them to serious injury in the
event of a crash.
From a practical perspective, the findings demonstrate the need to improve both the safety of the vehicle fleet
and the road infrastructure so as to ensure that they meet the required safety performance level. In stating this,
the long lead time required for vehicle safety features to penetrate the vehicle fleet and for infrastructure
programs to cover the entire network is recognised. Consequently, these elements require urgent and
continued focus. The findings do however suggest that more immediate reductions in serious injury could be
achieved through an enhanced focus on driver behaviour, particularly given that the Safe Driver criteria were
met for fewer than half of all crashes, as well as an aggressive approach to speed management where speed
limits are matched to the level and type of safety infrastructure present.
Given the interdependencies between the system elements – and that the three elements cannot be traded off
against each other, it can also be stated that any slippage in the performance in any of the system elements
would likely lead to an increase in the number of road users sustaining serious injury. Indeed, it is asserted
here that adopting a truly systems-based view is a necessary pre-condition for achieving reductions in the
number of people seriously injured on Victorian roads.
These findings, and the demonstration of the core principles of Vision Zero and the Safe System approach in
practice, represent both a challenge and an opportunity for Victoria. In short, the findings show that
eliminating serious injuries in crashes is possible, but only so long as all elements of the systems are set and
are operating within required criteria.
To conclude, these findings ought to be used to guide future programs and assess their success. This will ensure
that progress of achieving the aspiration of zero people being seriously injured on Victorian roads will be made.
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9

DISCUSSION

The ECIS program set out with two objectives: 1) to provide the TAC with insight into how serious injury
crashes occur, and 2) to identify measures that would be effective in preventing occupants of vehicles being
seriously injured in the event of a crash. This report addresses the first objective.
In addressing these objectives the Safe System approach was used as the conceptual basis for the program.
This ensures that the findings of the study are aligned with best practice and can be used with confidence to
inform future road safety efforts in Victoria.
This report commenced by providing an overview of the Safe System approach and the rationale for
undertaking the program, followed by a description of the study methods. This provides a strong foundation
for understanding the extensive array of findings that were presented across six chapters. Extensive data on
the injuries sustained by drivers, the factors associated with crash involvement and the factors associated with
injury severity were presented, with detail provided for Lane Departure crashes, Across Path crashes and Rear
Impact crashes.
This report also examined a key question that is central to the Safe System approach, this being: With the
optimal settings, can serious injury be eliminated? The short answer is ‘yes’. Using the same criteria to address
this question, the safety performance of Victoria’s road transport system was assessed. The intent of this
analysis was to identify key safety gaps that can be addressed in future road safety initiatives and programs.

9.1

PRINCIPAL FINDINGS

An extensive array of findings were presented in this report. Twenty principal findings were identified and are
described below.
The findings are ordered so as to build 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—are clear, noting that speed plays a central role within each
of these three system elements.
By stepping through the key findings in this way, the link to Vision Zero and the Safe System approach 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.

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
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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.
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.

FINDING 3:

MALE AND FEMALE DRIVERS OF ALL AGES WERE SERIOUSLY INJURED

Approximately half of all male and female drivers sustained high severity MAIS 3+ injuries (Table E.3). Drivers
across every age group sustained MAIS 3+ injuries.
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).

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%).
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 and/or psychological distress
(12.2%) (Table E.5).
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
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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.
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).

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 decisionmaking 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).

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 selfexplaining 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.
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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 tollroads) 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.

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.
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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.
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).

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 roadside 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.
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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.

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.
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 vehicles manufactured since 2014.
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.
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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 postcrash 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.

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.
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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. Nearly 80% 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.
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.
The findings 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.
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, 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.
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.
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.

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 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.

9.2

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 computerbased 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
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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
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.

9.3

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.

9.4

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.
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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 evidencebase 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.
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.
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ECIS IN CONTEXT: EXISTING RESEARCH AND IN-DEPTH
CRASH INVESTIGATION STUDIES

ECIS IN CONTEXT: EXISTING RESEARCH AND IN-DEPTH CRASH
INVESTIGATION STUDIES

This Appendix provides further detail and context to ECIS. The aim is to highlight the scope of road safety
research on factors associated with crash involvement and injury severity conducted in Australia and overseas.

A.1.1

Existing road safety research

There is a very large body of evidence that demonstrates a relationship between specific driver, vehicle and
road infrastructure factors and crash and injury risk. It is beyond the scope of this Report to provide a detailed
exposition of past and present studies examining risk factors for crash involvement and injury severity.
In saying this, there are a number of excellent compendia that document and provide critical review of the road
safety evidence base. These include Shinar’s Traffic Safety and Human Behavior, 213 Elvik et al. Handbook of
Road Safety Measures, 214 and the WHO World Report on Road Traffic Injury Prevention. 215
Other reference material is available through the WHO and the Global Road Safety Partnership, including Best
Practice Manuals on specific risk factors and associated interventions are outlined, for example speed
management, drink-driving, and restraint use. 216 Large-scale programs in the European Union, such as
SafetyCube 217, have also contributed to the research evidence based on crash and injury risk factors.
In Australia, Austroads provides an extensive set of reports on a broad range of road safety topics, 218 as does
the Australian Government through the Office of Road Safety. 219 Research groups including the Monash
University Accident Research Centre (MUARC) in Victoria, the Centre for Automotive Safety Research (CASR)
in Adelaide, and the Centre for Accident Research and Road Safety – Queensland (CARRS-Q) also provide
research reports online.
It is clear then that the road safety research evidence base is extensive. However, studies often rely on existing
‘mass’ crash data based on police-reported crashes, or require the design and undertaking of specific studies
where a limited number of risk factors are examined. Others have pointed out the range of limitations with
these approaches including data reliability and the limited range of potential risk factors that can be
examined.80 220 The use of fatality data can overcome these limitations particularly when linked with other
datasets, however, these data may not necessarily reflect crash and injury causation factors associated with
serious injury crashes. 221

A.1.2

In-depth crash investigation programs: purpose, design and example programs

The ECIS program sits within a tradition of in-depth crash investigation studies undertaken in Australia and
in other parts of the world. This section provides an overview of the rationale and purpose of in-depth crash
investigation programs, highlights key programs, and gives examples of the types of questions these programs
have addressed.

213 Shinar D. Traffic Safety and Human Behavior: Second Edition. UK: Emerald Publishing Limited; 2017.
214 Elvik R, Vaa T, Hoye A, Sorenson M. The Handbook of Road Safety Measures: Second Edition. UK: Emerald Publishing Limited;
2009.
215 Peden M, Scurfield R, Sleet D, Mohan D, Hyder AA, Jarawan E, et al. (Eds.). World Report on road traffic injury prevention. Geneva:
World Health Organisation; 2004.
216 See https://www.grsproadsafety.org/resources/good-practice-manuals/ for multiple reports
217 See https://www.safetycube-project.eu/work-programme/
218 See https://austroads.com.au/publications
219 See https://www.infrastructure.gov.au/roads/safety/publications/publications_list.aspx
220 PIARC (World Road Association). 5. 5. Effective management and use of safety data. IN: Road Safety Manual: A Manual For
Practitioners And Decision Makers On Implementing Safe System Infrastructure. La Défense, France: PIARC; 2019.
221 Tingvall C, Ifver J, Krafft M, Kullgren A, Lie A, Rizzi M, et al. The consequences of adopting a MAIS 3 injury target for road safety in
the EU: A comparison with targets based on fatalities and long‐term consequences. International Research Council on the Biomechanics
of Injury (IRCOBI); Gothenburg, Sweden; 2013.
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A.1.2.1 Rationale and purpose of in-depth crash investigation programs
The in-depth investigation of crashes is a highly detailed method used to examine the factors associated with
both crash occurrence and injury severity.78 85 These programs can examine all types of crashes and crashes of
all injury severities. The principal advantage of in-depth crash investigation programs over other methods is
the ability to adopt a systematic and systems-based approach to assess the full range of factors associated with
crash occurrence and injury severity outcomes. Historically though, in-depth studies have largely focussed on
impact biomechanics, injury type(s), injury severity, and the evaluation of vehicle occupant protection features.
In-depth crash investigation programs collect comprehensive data for each crash that meets specified study
inclusion criteria. Data include information on the driver(s) involved, the vehicle(s) and the road and roadside
environment. By necessity these programs are characterised by highly multi-disciplinary teams with skillsets
ranging from engineering, nursing, medicine, statistics, and psychology.
Methods include interviewing the crash-involved driver(s), the conduct of a vehicle inspection using
established international protocols and a detailed assessment of the crash scene. These data are frequently
supplemented with medical records, police crash reports and insurance data. Data collection can occur OnThe-Spot (OTS) shortly after the time of the crash or via retrospective methods. Common methods and data
protocols have been established for these studies. 222
In-depth crash investigation programs have detailed protocols that enable a detailed understanding of the type
and severity of injuries sustained by involved occupants to be gathered. Data collection and analysis protocols
enable crashes to be classified according to objective and validated injury severity metrics, and then linked to
vehicle design, road infrastructure features and occupant characteristics. The use of crash reconstruction
techniques to estimate travel speed, braking and impact speed, as well as the assessment of vehicle damage,
permits further insight to be gained in how crashes and injuries occur. The use of in-depth data ranges from
setting priorities on how to better protect occupants, the evaluation of vehicle safety features, and the
association between road infrastructure and other roadside features and injury outcomes.
While the strengths of in-depth crash investigation programs are significant, the crashes included in these
programs represent a sample of the total crash population. These programs are also expensive, timeconsuming, may be limited to a specific geographic area to facilitate timely data collection, and/or may be
limited to specific crash types of pre-specified injury severity. 223 Programs may also have a particular emphasis
– such as vehicle design and vehicle safety standards, depending on the needs of program funders.

A.1.2.2 In-depth crash investigation programs in Australia
As a means of placing the ECIS program into context, Table A.1 presents prominent in-depth crash
investigation programs conducted in Australia, while Table A.2 presents examples from overseas. Exemplar
research uses are also presented as a means of highlighting the ability of these programs to address a wide
range of policy relevant research questions.
In Australia, MUARC and the CASR at the University of Adelaide have conducted in-depth investigation
studies of passenger vehicle crashes (Table 1.3).
The first in-depth study in Australia was conducted at the University of Adelaide in 1962, with CASR continuing
this work to the present day. A key piece of research performed by CASR was the estimation of the association
between travel speed and crash risk, with a series of reports presenting these findings. This was one of many
reports produced by CASR using comprehensive crash investigation methods.
Since its establishment in 1987, MUARC has also conducted in-depth crash investigation programs,
commencing with early work for the Australian Federal Office of Road Safety (FORS), 224 for GM-Holden 225
and for a consortium of funders to undertake the Australian National Crash In-depth Study (ANCIS) (20002013) (see Table 1.4). These programs were focussed on injury causation, impact biomechanics, and regulatory
evaluation. The ANCIS data were also used to document driver inattention in serious injury crashes.

222 Thomas P, Muhlrad N, Hill J, Yannis G, Dupont E, Martensen H, Hermitte T, Bos N. Final Project Report, Deliverable 0.1 of the EC
FP7 project DaCoTA; 2013. [Internet]. http://www.dacota-project.eu/Deliverables/DaCoTA_Final_Report.pdf; http://www.dacotaproject.eu/conference%20programme%201.html, http://dacota-investigation-manual.eu/pmwiki.php
223 OECD / ITF. Reporting on serious road traffic casualties. Combining and using different data sources to improve understanding of
non-fatal road traffic crashes. Paris: International Transport Forum; 2011.
224 Fildes BN, Digges K, Dyte D, Gantzer S, Seyer KA. Benefits of a Frontal Offset Regulation, CR 165. Canberra: Federal Office of Road
Safety; 1996.
225 Franklyn MJ, Fildes BN, Zhang L, Yang KH, Sparke LJ. Analysis of finite element models for head injury investigation:
reconstruction of four real-world impacts. Stapp Car Crash Journal. 2005;49:1-32.
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Moving beyond passenger vehicle crashes, two Australian in-depth case-control motorcycle studies were
conducted recently. In both studies the hospitalised rider was interviewed and the damaged motorcycle, rider
gear (i.e., helmet, clothing) and the crash scene were inspected. 226 227
TABLE

A.1

IN-DEPTH CRASH INVESTIGATION PROGRAMS (PASSENGER VEHICLE BASED)

PROGRAM / LOCATION

DESIGN AND EXEMPLAR USES

Adelaide In-depth Crash
Investigation Program (current,
on-going).

•

•
•

Australian National Crash Indepth Study (ANCIS, 20002013).

•
•

•

Conducted as a series of individual programs, the first commencing in 1962 under the
leadership of Professor Robertson and then Dr Jack McLean [now Professor]. 228
Various programs and funders. Currently undertaken through the CASR at the
University of Adelaide.
Studies have examined passenger car, cyclist, pedestrian, motorcycle and heavy
vehicle crashes. Predominantly on-the-scene with some retrospective in-depth studies.
Example uses:
• Characteristics, contributing factors and countermeasure identification for
pedestrians and cyclist crashes. 229
• Relationship between travel speed and crash risk (case-control study); basis for
crash risk doubling for every 5 km/h exceeding speed limit in a 60 km/h zone. 230
• Medical conditions as contributing factors to vehicle and pedestrian crashes. 231
• Potential of autonomous emergency braking to reduce road trauma. 232
• Comparing roadside treatments for road departures. 233
Commenced in 2000, conducted by MUARC and funded by large consortium of
partners. 234 Initiated under the leadership of then Dr Brian Fildes [now Professor].
Focused on passenger vehicle occupants admitted to hospital. Recruitment occurred in
Victoria, NSW and Queensland. Total of 1052 crashes / injured drivers included. Indepth in design with recruitment in hospital setting. Retrospective in design.
Example uses:
• Evaluation of vehicle regulations, e.g., Australian Design Rule 69 (full frontal crash
protection). 235
• Documentation of driver inattention in serious injury crashes. 236
• Informed the development of new pole side impact test per UN Global Technical
Regulation (GTR) 14 (UN Regulation UN R 135; ADR 85). 237
• Analysis of head injury mechanisms and vehicle design. 238
• Side impact crash injuries and countermeasures. 239

226 Allen T, Newstead S, Lenné MG, McClure R, Hillard P, Symmons M, et al. Contributing factors to motorcycle injury crashes in
Victoria, Australia. Transportation Research Part F: Traffic Psychology and Behaviour. 2017;45:157-68.
227 Brown J, Baldock M, Albanese B, Meredith L, Fitzharris M. The Austroads in-depth study of motorcycle crashes in NSW: causal
relationship findings. Australasian Road Safety Conference; Gold Coast; 2015.
228 McLean AJ. Fifty years of at-scene crash investigations: methodological considerations. Australasian Road Safety Research,
Policing, Education Conference; Wellington; 2005.
229 Hutchinson TP, Lindsay VL. Pedestrian and cyclist crashes in the Adelaide Metropolitan Areas, CASR055. Adelaide: CASR; 2009.
230 Kloeden CN, McLean AJ, Moore VM, Ponte G. Travelling speed and the risk of crash involvement. Volume 1 - Findings, CR 172.
Canberra: Federal Office of Road Safety; 1997.
231 Lindsay VLA, Baldock MRJ. Medical conditions as a contributing factor in crash causation. Australasian Road Safety Research,
Policing and Education Conference; Adelaide; 2008.
232 Anderson RWG, Doecke SD, Mackenzie JRR, Ponte G, Paine D, Paine M. Potential benefits of forward collision avoidance
technology, CASR106. Brisbane: Department of Transport and Main Roads; 2012.
233 Doecke SD, Woolley JE. Effective use of clear zones and barriers in a Safe System’s context. Australasian Road Safety Research,
Policing and Education Conference; Canberra; 2010.
234 Fitzharris M, Peiris S, Newstead S. Final report of the Australian National Crash In-depth Study (ANCIS), 2000–2013. Clayton:
Monash University; 2014.
235 Fitzharris M, Fildes B, Newstead S, Logan D. Crash-based evaluation of Australian Design Rule 69 (full frontal crash protection).
Canberra: Australian Transport Safety Bureau; 2006.
236 Beanland VC, Fitzharris MP, Young KL, Lenné MG. Driver inattention and driver distraction in serious casualty crashes: data from
the Australian National Crash In-depth Study. Accident Analysis and Prevention. 2013;54:99-107.
237 Fitzharris M, Stephan K. Assessment of the need for, and the likely benefits of, enhanced side impact protection in the form of a Pole
Side Impact Global Technical Regulation. Clayton: Monash University Accident Research Centre; 2013.
238 Franklyn M, Fildes B, Zhang L, Yang K, Sparke L. Analysis of finite element models for head injury investigation: Reconstruction of
four real-world impacts. Stapp Car Crash Journal. 2005;49:1-32.
239 Fildes B, Fitzharris M, Logan DB, Gabler HC. Side impact crashes and countermeasures. Fourth International Forum of Automotive
Traffic Safety; Changsha, China; 2005.
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A.1.2.3 In-depth crash investigation programs in Europe, the US and Asia
Large-scale in-depth crash investigation programs have been active in Germany, the UK and the US for a
considerable period (Table 1.4). These programs have supported a vast amount of vehicle safety research and
have played an important role in the development of vehicle regulations and the evaluation of passive and
active safety technology globally.
The sampling-based system in the US, where population-based weights are used, has meant that the in-depth
data systems have served as important monitoring tools in addition to addressing questions of impact
biomechanics and vehicle design. While the Crash Investigation Sampling System (CISS) functions as the
principal in-depth data collection system, having replaced NASS CDS in 2016, 240 241 the US has a number of
other important in-depth data systems including the Pedestrian Crash Data Study (PCDS) program, the ongoing Special Crash Investigations (SCI) program, and the Crash Injury Research & Engineering Network
(CIREN). The US also has the Crash Report Sampling System (CRSS) which is a mass dataset.
NHTSA states the key uses of CISS and related data sources include: 242
•

Identifying existing and emerging highway safety problems.

•

Obtaining detailed crash performance data for passenger vehicles, including the vehicle safety systems
and designs.

•

Learning more about the nature of crash-related injuries and the relationship between the type and
severity of a crash and the resulting injuries.

•

Assessing the effectiveness of motor vehicle standards and highway safety programs.

The findings of the National Motor Vehicle Crash Causation Survey (NVMCCS) provide an example of how
these studies are used to understand crashes. 243 Using 5471 crashes, the NVMCCS investigators conducted a
case-by-case analysis of pre-crash vehicle movements, the critical pre-crash event, the critical reason for the
critical pre-crash event, and factors that are likely to add to the probability of crash occurrence. Investigators
attended the crash scene immediately after the crash had occurred.
In 36% of crashes the critical pre-event was a driver turning or crossing intersections, 22% were run-off-road
crashes, 11% of crashes occurred where a vehicle failed to stay in their traffic lane, 12% of vehicles were stopped
and 9% had lost control prior to the impact. The critical reason for the critical pre-crash event was attributed
to the driver in 93% of crashes; note, this does not assign crash causation nor fault. These included driver
recognition errors (38.2%; includes inattention, distraction, inadequate surveillance), decision errors (32.0%;
too fast for conditions, gap error, aggressive behaviour), performance errors (9.3%; poor directional control),
non-performance errors (6.7%; fell asleep, drowsy, medical conditions), and ‘other’ (6.8%) errors were
observed. The vehicle (e.g., tyre failure / degraded, brake failure / degraded) and the environment (e.g., glare,
ice) were each cited as being the critical reason for the critical crash event in 2% of crashes. These data were
used by NHTSA to identify the safety benefit of intersection collision avoidance systems, ESC, and lane
departure warning systems, among other technologies to address driver-related factors such as fatigue.
As an historical footnote, the NVMCCS replicated the 1979 Tri-level study which reported that human factors
played a definite or probable role in 92.6% of crashes, while vehicle-related factors played a role in 12.6% of
crashes and environmental (road) factors played a role in 33.6% of crashes. 244 The Tri-level study reported all
definite or probable factors, hence the percent sums to greater than 100% as more than one factor could be
deemed applicable in a single crash.
In addition to the programs listed in Table 1.4, other more recently established programs using common indepth crash investigation methods include the National Automobile Accident In-depth Investigation System
(NAIS) in China, the China In-Depth Accident Study (CIDAS), the Road Accident Sampling System India
(RASSI) and the Investigação Avançada de Acidentes de Trânsito Brasil (IAART).

240 Radja GA, Noh E-Y, Zhang F. Crash Investigation Sampling System 2017 analytical user’s manual, Report No. DOT HS 812 803.
NHTSA, US Department of Transportation; Washington, DC; 2017.
241 Mynatt M, Rudd R, Alpert N, Loftis K, Kulaga A. Documenting injuries in NHTSAs CISS Program, Paper Number 17-0173. 25th
International Technical Conference on the Enhanced Safety of Vehicles (ESV); Detroit; 2017.
242 NHTSA. Crash Investigation Sampling System (CISS) Motor Vehicle Crash Data Collection. [Internet].
https://www.nhtsa.gov/crash-data-systems/crash-investigation-sampling-system-ciss
243 NHTSA. National Motor Vehicle Crash Causation Survey: Report to Congress. DOT HS 811 059. NHTSA, US Department of
Transportation; Washington, DC; 2008.
244 Treat JR, Tumbas NS, McDonald ST, Shinar D, Hume RD, Mayer RE, et al. Tri-level study of the causes of traffic accidents: Final
Report. DOT HS 805 099. NHTSA, US Department of Transportation; Washington, DC; 1979.
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TABLE A.2

INTERNATIONAL IN-DEPTH CRASH INVESTIGATION PROGRAMS

PROGRAM / LOCATION

DESIGN AND EXEMPLAR USES

Germany, German In-depth
Accident Study (GIDAS, 1999
onwards). 245

•
•

•

UK, Programs include: 248
Co-operative crash injury study
(CCIS, 1983-2010).
On-The-Spot (OTS, 2000-2010).
Heavy Vehicle Crash Injury Study
(HVCIS, 1996-2010).
Truck Crash Injury Study (TCIS,
1995-2010).
Road Accident In-depth Studies
(RAIDS, 2012 onwards). 249

•

US, Crash Investigation Sampling
System (CISS) (2016-current).
National Accident Sampling
System Crashworthiness Data
System (NASS CDS, 1979-2015.

•

US, National Motor Vehicle Crash
Causation Survey (NVMCCS,
2005-2007). 255

•

•

•

•

Program examines all crash types and injury severities. Investigates 2000 crashes
annually, with over 34,000 crashes examined.
Established in 1999, conducted by Traffic Accident Research at TU Dresden (VUFO)
and Accident Research at Hannover Medical School, with funding from the German
Government Federal Highway Research Institute (BASt) and the German Association
for Research in Automobile Technology (FAT). Steering Committee is comprised of
Ford, BMW, Bosch, VW, Daimler, and BASt.
Example uses:
• Need for and validation of crash tests and real-world crashes. 246
• Assessment of benefits of active safety systems, e.g., ESC. 247
Programs focused on range of crash severities, including crashes resulting in
fatalities, hospital admission, slight and non-injury crashes. Large-scale, long-term
program.
RAIDS currently conducted by Transport Research Laboratory (TRL) and Transport
Safety Research Centre at Loughborough University (TSRC). Sponsor: Department
for Transport, UK.
Example uses (RAIDS only):
• Pedestrian fatality and injury risk curves by impact speed.
• Assessment of contributing factors by human (100%), vehicle (10.3%) and
environment (29.8%) for 152 crashes involving a fatality or serious injury.
• Effectiveness of active vehicle safety technology.
Sampling system in 32 (CISS; NASS was 24) locations (sampling units) across the
US, with approximately 4500 crashes per year examined. Focuses on cars, light
trucks (i.e., SUV / 4WD) and vans. 250
Example uses:
• Efficacy of passive safety systems in reducing injury risk, e.g., airbags. 251
• Impact biomechanics and predictors of injury, e.g., head injury, 252 aortic injury. 253
• Interaction between roadside barriers and crash risk, e.g., rollover crashes. 254
Sampling system in 24 locations across the US. A total of 6950 involving a light
vehicle were included. Crashes occurred between 6am to midnight.
• Using data from 5471 crashes, a driver-related factor was attributed as the
critical reason for the critical pre-crash event in 93% of crashes. 256

245 GIDAS. About GIDAS. [Internet]. https://www.gidas.org/ueber-gidas/ueberblick-ueber-gidas/
246 Eichberger A, Schimpl W, Werber C, Steffan H. A new crash test configuration for car-to-car frontal collisions with small lateral
overlap. International Journal of Crashworthiness. 2007;12(2):93-100.
247 Grömping U, Weimann U, Mentzler S. Split register study: A new method for estimating the impact of rare exposure on population
accident risk based on accident register data. 1st International ESAR Conference; Hanover; 2004.
248 Yarnold I. Road Accident In-Depth Studies. [Presentation]. UK PACTS Collision Investigation Conference, 22 March 2017. London:
Department for Transport; 2017.
249 Cuerden R, McCarthy M. The methodology and initial findings for the Road Accident In-Depth Studies (RAIDS) Programme RAIDS
Phase 1 Report (PPR808). Berkshire: Transportation Research Laboratory; 2016.
250 NHTSA. Report to Congress: NHTSA’s NASS Data Needs, Report DOT HS 811 889. Washington, DC: NHTSA; 2011.
251 Braver ER, Kyrychenko SY, Ferguson SA. Comparing driver frontal mortality in vehicles with redesigned and older-design front
airbags. Annual Proceedings of the Association for the Advancement of Automotive Medicine. 2004;48:1–14.
252 Yoganandan N, Fitzharris M, Pintar FA, Stemper BD, Rinaldi J, Maiman DJ, Fildes BN. Demographics, Velocity Distributions, and
Impact Type as Predictors of AIS 4+ Head Injuries in Motor Vehicle Crashes. Annals of Advances in Automotive Medicine. 2011;55:26780.
253 Fitzharris MP, Franklyn MJ, Frampton R, Yang KH, Morris A, Fildes BN. Thoracic aortic injury in motor vehicle crashes: the effect
of impact direction, side of body struck, and seat belt use. Journal of Trauma. 2004;57(3):582 - 590.
254 Gabauer DJ, Gabler HC. Differential rollover risk in vehicle-to-traffic barrier collisions. Annals of Advances in Automotive
Medicine. 2009;53:131-40.
255 Choi E-H, Zhang F, Young Noh E, Singh S, Chen, C-L. Sampling Design Used in the National Motor Vehicle Crash Causation Survey.
Washington, D.C: National Center for Statistics and Analysis (NHTSA); 2008.
256 Singh S. Critical reasons for crashes investigated in the National Motor Vehicle Crash Causation Survey, Traffic Safety Facts Crash
Stats, Report No. DOT HS 812 506. Washington, DC: NHTSA; 2018.
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APPENDIX B
B.1

ECIS CASE STUDY METHOD

ENROLMENT INTO ECIS: ELIGIBILITY, PARTICIPATION AND SAMPLE
REPRESENTATIVENESS

Appendix B provides further detail of the ECIS Case Study method to complement the information presented
in Chapter 2. Data regarding the enrolment of injured drivers to the study, the inspection of crash-involved
vehicles, and the inspection of crash scenes is provided.

B.1.1

Assessing the eligibility of injured drivers to participate in ECIS and enrolment

As a first step, the ECIS Research Nurses assessed the eligibility of all ‘trauma’ patients admitted to The Alfred
Hospital and The Royal Melbourne Hospital for participation in the ECIS Case Study. All patients admitted
under the care of the Trauma Service, Neurosurgery, the Burns Service, and Orthopaedics were assessed for
eligibility against the study inclusion and exclusion criteria.
This assessment (or ‘screening’) process was conducted on Monday through Friday, excluding the University
Closedown periods and public holidays. Patients admitted on a Saturday or Sunday were ‘screened’ for
eligibility for ECIS on a Monday morning, while those admitted on a public holiday were screened on the next
working day.
In the study enrolment period, 3,114 admitted patients were identified as having been injured in road crashes.
Approximately half (1418, 46%) were drivers of passenger vehicles (male: 61%; female: 39%) (Table B.1).
After applying the study inclusion and exclusion criteria, 892 (63%) injured drivers were classified as being
eligible for the study; hence, 37% were excluded having met one or more exclusion criteria, including 2% of
injured drivers that died in hospital.
Of the drivers classified as being eligible to participate in the study 73% (n=652) were approached, either
directly or through their next-of-kin. Following an established protocol, the ECIS Research Nurse explained
the study in detail and sought informed consent. Potential participants were advised that their participation
was voluntary and that there was no obligation to participate. Potential participants were also given ‘time-tothink’ to discuss participation with a family member or other party.
With 400 drivers enrolled into ECIS, the recruitment rate was 61% (male: 60%; female: 63%). The refusal rate
was 31% (male: 32%; female: 29%). An additional eight drivers were enrolled however these drivers were
excluded due to insufficient information being obtained from the interview as well as no vehicle inspection
being undertaken. In these instances, the ECIS Case Team was unable to inspect the damaged vehicle due to
consent from the registered owner to do so being denied, the vehicle being repaired or crushed, or unable to
be located.
Of the eligible drivers, 27% (males: 28%; females: 25%) were ‘missed’ due to being discharged from hospital
prior to the ECIS Research Nurse having an opportunity to approach them with a view to seeking their
participation. Reasons for this included ECIS staff scheduling, timing of medical care and related procedures,
family visits and/or unanticipated discharge timing.
A small proportion of eligible drivers (7%) were discharged prior to the ECIS Research Nurse being able to
make a second approach, having once already discussed participation in the study. These drivers were those
given ‘time-to-think’ about participation and/or to discuss the study with a family member.

B.1.2

ECIS exclusion criteria and potential for bias

Per the exclusion criteria, 505 injured drivers were excluded from the study (35.6%; 66% male). In addition,
21 injured drivers died (1.5%, 71% male) whilst an inpatient (Table B.1).
A higher proportion of male drivers were excluded (39%) than female drivers (30%), however the age of male
and female drivers excluded was similar. The proportion of male and female drivers who died in hospital was
similar (2%).
The ECIS Case Study only sought the participation of injured drivers once they were admitted to a hospital
ward. This was in recognition of the medical and treatment status of these drivers and the complex
environment of the Emergency Department and the Intensive Care Unit (ICU). Injured drivers treated
exclusively in the Emergency Department accounted for 24% of all driver exclusions (8% of all; n=120; male:
7%; female: 10%); of note was that a higher proportion of female drivers were excluded (32%) than male drivers
(19%). Eight drivers (0.5%; 88% male) were discharged to another acute care provider directly from the ICU
and were therefore excluded from the ECIS Case Study.
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Nearly one-quarter of males (24%) and females (23%) were excluded on the basis of medical and/or nursing
advice. This related to patient medical fitness and recovery status as distinct from other criteria.
Drivers experiencing an acute mental health episode were excluded from the study. This criterion was set
principally on the basis of the likely inability of these drivers to provide informed consent. In some instances,
it was also judged by the ECIS Research Nurse and the medical / nursing treatment team that participation in
the study could have a detrimental impact on the mental health of the injured driver due to the nature of the
interview questions. Overall, 6% of admitted drivers met this criterion (56% male). A higher proportion of
females (20%) than males (13%) were excluded on this basis.

TABLE B.1

ELIGIBILITY AND ENROLMENT STATUS

SEX

MALE
(61%)

FEMALE
(39%)

PERCENT OF TOTAL

All drivers of passenger cars admitted
and screened for participation

100% (863)

100% (555)

100% (1418)

Drivers ‘screened’ as eligible for ECIS

59% (512)

68% (380)

63% (892)

Drivers eligible and approached for
participation

72% [43%] (368)

75% [51%] (284)

73% [46%] (652)

Drivers enrolled

60% [26%] (222)

63% [32%] (178)

61% [28%] (400)

Drivers enrolled (cancelled)

1% [<1%] (5)

1% [<1%] (3)

1% [<1%] (8)

Drivers declining participation
(refusal)

32% [14%] (117)

29% [15%] (83)

31% [14%] (200)

Not approached due to study
closure

<1% [<1%] (1)

- (0)

<1% [<1%] (1)

Approached and discharged
before consent

6% [3%] (23)

7% [4%] (20)

7% [<1%] (43)

Drivers eligible but discharged prior
to being approached

28% [17%] (144)

25% [17%] (96)

27% [17%] (240)

Drivers excluded or deceased

41% (351)

32% (175)

37% (526)

Patient died

4% [2%] (15)

3% [2%] (6)

4% [1.5%] (21)

Excluded

96% [39%] (336)

97% [30%] (169)

96% [35.6%] (505)

Treated in ED only

19% [7%] (65)

32% [10%] (55)

24% [8%] (120)

Treated in ICU only

2% [1%] (7)

<1% [<1%] (1)

3% [0.6%] (8)

Medical / nursing advice

24% [9%] (80)

23% [7%] (39)

24% [8%] (119)

Mental health

13% [5%] (44)

20% [6%] (34)

15% [6%] (78)

Other specified reason

20% [8%] (67)

15% [5%] (25)

18% [6%] (92)

Other behaviours of concern

11% [4%] (37)

1% [<1%] (1)

8% [3%] (38)

Non-English-Speaking
Background (NESB)

11% [4%] (36)

8% [3%] (14)

10% [3%] (50)

Note: [%] relate to % of all (male, female) drivers admitted and screened; totals may not sum to 100% due to rounding.
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Injured drivers demonstrating behaviours of concern were also excluded from the study. These behaviours, as
documented in the medical and nursing notes, included the expression of anger, aggression, non-compliance
to care, and/or absconding from the ward. A higher proportion of males (11%) than females (1%) were excluded
for this reason.
Other exclusion reasons included: drivers being from a Non-English-Speaking Background (NESB) where no
interpreter was available (10%); drivers being less than 18 years of age (3%); that the crash did not occur fully
or in part on a public road (4%), and the crash was subject to police investigation with driver(s) being under
police guard (5%). There were no statistical differences for male and female drivers in these ‘other’ categories.
The impact of the study exclusion criteria on the composition of the final enrolled sample, and hence the
generalisability of the conclusions drawn from the study, is important to consider. This is captured by the
concept of selection bias (see below for discussion).
To recap, a higher proportion of male drivers (41%) were deemed ineligible, or excluded, than female drivers
(32%). This resulted in a higher proportion of females being enrolled (45%) to ECIS than what would be
expected based on the proportional distribution of drivers screened (female: 39%: male: 61%). As a
consequence, the ECIS Case sample contains proportionately fewer seriously injured male drivers than might
otherwise be expected.
Second, the exclusion of drivers with acute psychological health concerns and behaviours of concerns would
potentially translate to an under-estimate of the role that these and associated co-existing factors play in
crashes.

B.1.3

Participation rate and consent rate

Analysis of study participation and consent rates 257 provides further insight into the potential presence of
selection bias. It is first useful to define these terms:
•

Selection bias: “...occurs when the study population is not representative of the target population so
that the measure of risks/benefits does not accurately represent the target population to which
conclusions are being extended”. 258(p.50)

•

Participation rate: the percentage of eligible drivers that enrolled in ECIS.

•

Consent rate: the percentage of eligible drivers approached by the ECIS Research Nurse who enrolled
in ECIS.

Selection bias is important to consider if the reason for non-participation is associated with the outcome of
interest. Thus, the impact of selection bias depends on the extent to which non-participation was directly linked
to a specific ‘risk factor’, behaviour or some other personal characteristic that was associated with being
involved in the crash. The participation rate and consent rate are useful metrics to examine selection bias.
In practical terms, for ECIS, the question is whether non-participation and refusal was higher or lower in one
or more driver sub-groups than was the case for other sub-groups. Hence, selection bias can be observed when
a differential rate of participation or consent across certain person-based characteristics, such as driver age
and sex, is evident.
The ECIS Case Study achieved a participation rate of 45% overall (male: 43%; female: 47%) (Table B.2). This
means that just under half of all injured drivers classified as eligible for ECIS were enrolled into ECIS. This is
despite 27% being discharged before the ECIS Nurse had the opportunity to discuss the study with them.
Two-thirds of drivers (67%) approached by the ECIS Research Nurse agreed to participate in the study, with
no difference in the consent rate among males (65%) and females (68%).
Despite the comparability of the overall male and female participation and consent rates, sex differences in the
consent rate were evident within specific age categories. The consent rate was lowest for male drivers aged 18
– 39 years, while the consent rate of 76+ year old females was low relative to same aged males. The consent
rates for male drivers aged 18 – 25 years (59%) and 26 – 39 years (57%) were lower than for same aged females
(71%, 69%), while the opposite was the case for males aged 76+ years (71%) than same aged females (58%).
These differences were also evident in the participation rate values.

257 Galea S, Tracy M. Participation Rates in Epidemiologic Studies. Annals of Epidemiology. 2007;17(9):643-53.
258 Nour S, Plourde, G. Chapter 3 - Pharmacoepidemiology in the Prevention of Adverse Drug Reactions. In: Pharmacoepidemiology
and Pharmacovigilance: Synergistic Tools to Better Investigate Drug Safety. London: Academic Press; 2019.
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TABLE B.2
DRIVER AGE

PARTICIPATION RATE AND CONSENT RATE
PARTICIPATION RATE

CONSENT RATE

MALE

FEMALE

TOTAL

MALE

FEMALE

TOTAL

18-25

36%

54%

43%

59%

71%

64%

26-39

38%

45%

40%

57%

69%

61%

40-59

46%

46%

46%

70%

70%

70%

60-75

54%

48%

51%

74%

71%

73%

76+

49%

40%

45%

71%

58%

64%

All

43%

47%

45%

65%

68%

67%

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 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. Moreover, 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 crash population.

B.1.4

Conduct of driver interviews

Participation in ECIS involved a comprehensive interview. Complete interviews were conducted for 371 drivers
(92.7%) and a truncated interview was undertaken for two drivers (0.5%).
For 27 severely injured drivers (6.7%), a truncated interview was conducted with the drivers’ next-of-kin.
Information was extracted from the Patient Medical History for all enrolled drivers.
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B.2

INSPECTION OF VEHICLES

B.2.1

Status of vehicle inspections

ECIS Technical Officers and Engineers performed detailed inspections of crash-involved vehicles. The
collection of information from the vehicle(s) involved in the crash provided important information as to how
each crash occurred and how injuries were sustained.
With 400 drivers enrolled in ECIS, the expectation was that 400 vehicles would be inspected, each being driven
by the ECIS driver.
In total, 334 vehicles (84%) were inspected and 66 were not (16%) (Table B.3). Reasons for not being able to
conduct a vehicle inspection were: denial of consent by the vehicle owner; denial of permission to enter a tow
(repair) yard by one operator; the vehicle being scrapped by the salvage operator; or, the ECIS Team were
unable to physically trace the vehicle. Other reasons for non-inspection of the vehicle included vehicle repair,
the vehicle being sold to a new owner for parts, and the vehicle being part of a police investigation and then
scrapped.

TABLE B.3

STATUS OF ECIS VEHICLE INSPECTIONS

VEHICLE INSPECTION STATUS

NUMBER OF
VEHICLES

PERCENT OF ALL
ECIS DRIVER
VEHICLES (N=400)

PERCENT OF NONINSPECTED
VEHICLES (N=66)

Vehicle inspected

334

84%

-

Vehicle not inspected

66

16%

100%

Denial of consent from the vehicle owner

20

5%

30%

Denial to enter the tow (repair) yard

14

4%

21%

Vehicle scrapped / destroyed

13

3%

20%

Inability to locate the vehicle

12

3%

18%

Vehicle sold to new owner / unable to contact

3

1%

5%

Subject to immediate repair

1

<1%

2%

Subject of prolonged police investigation and
subsequently scrapped

1

<1%

2%

One implication of not being able to physically inspect the vehicle is the inability to objectively assess and
measure vehicle damage. This is important as measures of vehicle crush and/or the collection of Event Data
Recorder (EDR) data are required to determine vehicle travel speed pre-crash, at impact and the forces postcrash using AI-Damage and crash reconstruction methods.
For the 66 ECIS driver cases where no vehicle inspection was performed, extensive information was available
from other information sources. The collection of this information ensured that the crash remained viable for
the purposes of determining crash causation. However, due to validation procedures used, full crash
reconstruction was not possible for 64 of these 66 crash-involved vehicles. For two vehicles that were scrapped,
highly detailed photographs were made available to the ECIS Team, and hence, assessment of vehicle damage
could be made.

B.2.2

Information concerning Airbag Control Modules (ACM) / Event Data Recorder (EDR) information

The ECIS program commenced with the goal of collecting objective speed and driver performance data,
including driver braking inputs for crash-involved vehicles. This section describes the technical aspects of
obtaining this information.
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B.2.3

Technical note on Airbag Control Modules and Event Data

The airbag control module (ACM) records information associated with an airbag deployment and seat-belt pretensioner activation. This data is known as ‘deployment event data’. The term Event Data Recorder (EDR) was
used by the US NHTSA to describe any device that stores event data. 259 Therefore, as it is a specific function of
the ACM to store event data, the ACM is frequently called an ‘Event Data Recorder’ (EDR). This data storage
functionality can also be attached to the rollover sensor system (if fitted) or the vehicle’s powertrain module.
The value of the event data is very high as it includes the collision delta-V and, depending on the system,
3 – 7 seconds of pre-crash vehicle speed. Braking, steering, cruise-control function and other measures may
also be captured depending on the functionality of the device and storage capacity. In recognising the value of
ACM/EDR data, the US NHTSA specifies a minimum dataset as a way to ensure uniformity in the data collected
and stored. 260
To access information from the ACM/EDR, specialist equipment is required. The ECIS Technical Officers used
the Bosch Crash Data Retrieval (CDR) tool (https://www.boschdiagnostics.com/cdr/). This takes an imprint
of the stored information when a ‘deployment event’ has occurred.
Obtaining event data requires a hard-wired connection to the ACM/EDR itself, a power source, and the use of
the Bosch proprietary software. Entry of the vehicle VIN was required, and with no uniform standard,
manufacturers use different connection settings so a specific connection cable was required for each vehicle
model.
The Bosch CDR tool is approved for use by many, but not all, vehicle manufacturers. In addition, data
download support is limited to later model vehicles. These limitations are due to intellectual property rights
and licensing restrictions.
During an attempt to download data from an ACM/EDR that is not supported by the Bosch CDR tool, one of
two error codes is given: 1. ‘ACM is not equipped with an EDR. There is no event data to be retrieved from
this ECU by the CDR Tool. Part Number: XXXXX-XXXXX is not equipped with an EDR’, or 2. ‘The VIN
entered is presently not supported, or does not match the selected brand’. 261
The error 1 message relates to vehicles with a licensing restriction for data download. In this case no pre-crash
data can be obtained. The error 2 message relates to the range of vehicles included within a supported model
and/or manufacturer series that is supported; this error message serves as cross-validation for licence checking
and data download.
In Australia, data download from Ford and Mazda vehicles was not supported by the Bosch CDR Tool while,
General Motors / Holden manufactured vehicles were covered from 2007 onwards and Toyota manufactured
vehicles were covered from 2002. 262 The Bosch CDR tool did not support data download from Hyundai, Kia,
Mitsubishi and Subaru vehicles, with these manufacturers having implemented their own systems for 2013
model year vehicles onwards.

B.2.4

Collection of crash event data via the ACM/EDR in ECIS

Of the 400 ECIS Case Driver crash-involved vehicles, 104 (26%) did not have an ACM/EDR installed. While
296 (74%) did have an ACM/EDR installed, the Bosch CDR tool supported the download of event data for 55
vehicles (18.5% of 296; 13.7% of 400), however, not all of these were inspected by the ECIS team (Figure B.1).
Of the 334 vehicles inspected by the ECIS team, 251 had an ACM/EDR fitted. For 204 (81.3%) of these vehicles
data retrieval using the Bosch CDR tool was not supported.
As can be seen in Figure A.1, 47 of the inspected vehicles had supported CDR ACM/EDR fitted. Event data was
successfully downloaded for 36 vehicles. For the remaining 11 vehicles, the ACM/EDR data was not obtained
for the following reasons: the ACM unit was inaccessible for four vehicles due to excessive crush; two were
Rear Impact crashes without an airbag deployment; four involved minor frontal or side panel damage without
an airbag deployment, and for one vehicle the specific CDR vehicle cable was not available to the ECIS Team
at the time of the vehicle inspection.
For the 204 unsupported ACMs, attempts were made to access stored event data for 37 ACM/EDRs using
overseas manufacturer/model VIN combination; only two were successful. Given the method used, there can
be no guarantee of the integrity of the obtained data for these two vehicles. For the remaining 167 ACMs, the
259 NHTSA. United States Code of Federal Regulation (CFR) Title 49 Part 563. Washington, DC: NHTSA; 2006.
260 NHTSA. EDR Q&As: The basics. Washington, DC: NHTSA; 2006.
261 Example error readings from actual attempts at data download by the ECIS Crash Investigation Team.
262 Bosch. CDR Vehicle List: CDR Software 17.9. Gerlingen, Germany: Bosch Automotive Service Solutions Inc; 2018.
https://www.boschdiagnostics.com/cdr/sites/cdr/files/CDR_v17.9_Vehicle_Coverage_List_R1_0.pdf
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ACM/EDR was not accessed at the vehicle inspection. This was done with the knowledge that the Bosch CDR
Tool did not support the download of information from the fitted ACM/EDR.
For the 66 vehicles where no inspection was performed, 45 had an ACM fitted with 8 having download support
using the Bosch CDR Tool. These 8 vehicles represent instances where data was not able to be obtained due to
inability to physically inspect the vehicle.

ECIS driver crash-involved vehicles (400)

Vehicle inspected (334, 84%)

ACM fitted
(251, 63%)

Supported (47, 12%)

No ACM
(83, 21%)

Not supported (204, 51%)

Event data (EDR)
downloaded (36, 9%)

Vehicle not inspected (66, 16%)

ACM fitted (45, 11%)

No ACM (21, 5%)

Supported

(8, 2%)

Not supported (37, 9%)

ACM / EDR not accessed (11, 3%)
FIGURE B.1

ACM / EDR FITMENT AND DATA ACQUISITION

In summary, ACM/EDR data was available for 12% of vehicles inspected, or 9% of the total ECIS sample, well
below the anticipated 50% when ECIS was initiated. While it was known that alternative measures of speed
estimation would be required even for cases where EDR data was available (i.e., due to multiple vehicle
crashes), the low EDR acquisition rate increased the scope of this task. The available EDR data did serve as an
important validation of the adopted crash reconstruction method which is outlined in Chapter 2 and described
below.
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B.3

ESTIMATION OF VEHICLE PRE-CRASH TRAVEL SPEED AND IMPACT SPEED
THROUGH RECONSTRUCTION

Pre-crash travel speed and impact speed were key parameters of interest for the ECIS program. Due to the
coverage limitations of EDR data and the need to know speed information for all involved vehicles in each
crash, computer-based crash reconstruction was used.
Two crash reconstruction approaches were adopted in Table B.4, defined as Type-A and Type-B. MUARC
undertook research and development before adopting these two approaches including validation against EDR
data as a reference standard. 263
All information gathered by the ECIS Case Team was used as the basis of the crash reconstruction process.
Inputs include materials relating to the crash event and details of the vehicle(s) involved. Vehicle damage and
vehicle rest positions were matched in the virtual crash with the real-world crash.
The difference in the two approaches relates to how the crash scene environment was modelled within the
crash reconstruction software. In the Type-A reconstruction, the scene was modelled in 3D whereas in the Type
B reconstruction the crash scene was modelled using a 2D planar surface. The 3D environment had
significantly greater complexity than the 2D model, however, the latter was used in simple geometry scenarios
where the influence of the terrain on vehicle dynamics was absent or negligible.

TABLE B.4

DESCRIPTION OF CRASH RECONSTRUCTION METHODS USED IN ECIS

INPUT FACTOR

CRASH RECONSTRUCTION TYPE
TYPE-A

TYPE-B

Crash scenario / narrative

All available information used as inputs.

As per Type-A.

Vehicle

Matched to real-world crash-involved
vehicle(s).
If the exact vehicle match was not
available in HVE or PC-Crash, similar
vehicle in class used matched on
geometry. Adjusted to be of same
vehicle mass, and vehicle occupant
mass included.

As per Type-A.

Environment

Modelled using 3D mesh surfaces.
Road geometry and terrain modelled in
detail, including use of surface
dependent friction coefficient values
relevant to vehicle path.

Modelled using a 2D planar surface.
Single friction coefficient used based on
road condition (per published tables).
Roadway slope and camber less than
3° not modelled as influence on vehicle
dynamics and speed estimation are
negligible.

Impact

All vehicle damage was matched to the
real-world vehicle inspection (i.e.,
PDOF, CDC). All impacts included.
Outputs of the ‘virtual’ crash model used
for visual match and objective damage
values.

As per Type-A.

Rest position

Matched to real-world rest position.

As per Type-A.

The crash reconstruction software packages used were HVE V.11.2 and PC-Crash v.10.2 with the road
environment created using CAD-based software, Rhinoceros V5. (See Chapter 2, Method for more detail).

263 Peiris S, Fitzharris M. Examination of crash reconstruction methods and speed estimation concordance with EDR captured speed
data. Clayton: Monash University Accident Research Centre; 2017.
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In total, 340 crashes (347 ECIS case drivers) were successfully reconstructed with pre-crash travel speed and
impact speed being obtained. The approach adopted and crash reconstruction computer program used were
as follows:
•

Type-A: Using HVE, a reconstruction was completed for 170 crashes (48.5%) [SVC: 66; MVC: 104].

•

Type-B: Using HVE, a reconstruction was completed for 143 crashes (41.5%) [SVC: 53; MVC: 90].

•

Type-B: Using PC-CRASH, a reconstruction was completed for 34 crashes [10%; SVC: 3; MVC: 31].

No crash reconstruction was available for the following scenarios:
•

For two ECIS Case Drivers (SVC: 1; MVC: 1) a crash reconstruction was attempted however due to the
complexity of the vehicle movements and the nature of multiple impacts it was not possible to achieve
a validated reconstruction model. Consequently, no speed estimates were available for these two
crashes.

•

For 51 ECIS Case drivers (SVC: 26; MVC: 25) no crash reconstruction was undertaken due to a lack of
information regarding the damage profile of the vehicle(s).

Application of the crash reconstruction speed estimates in this Report and elsewhere.
Estimates of travel speed and impact speed derived from the crash reconstruction process have been used in
the following ways:
•

The Type A method was used in the assessment of alternative countermeasure scenarios; this research
was peer reviewed and presented at an international conference. 264 An expanded number of
alternative countermeasure scenarios is presented in ECIS Report 2.

•

Estimates of travel speed derived from the Type A method were used in the case-control analysis of
the relationship between travel speed and crash risk (see Chapter 6).

•

Estimates of impact speed derived from the Type A and Type B methods were used to examine the
association between impact speed and injury severity (Chapter 7).

264 Peiris S, Corben B, Nieuwesteeg M, Gabler HC, Morris A, Bowman D et al. Evaluation of alternative intersection treatments at rural
crossroads using simulation software. Traffic Injury Prevention. 2018;19(S2):S1-S7. https://doi.org/10.1080/15389588.2018.1528357
ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 159

B.4

INSPECTION OF THE CRASH SCENE

As per the ECIS protocol, all crash scenes (393) were inspected and examined in detail. Table B.5 presents the
time lag between the crash occurring and the scene inspection, as well as the time between driver enrolment
in the ECIS Case Arm and the scene inspection being undertaken. This is of interest as any degradation of the
scene, such as the loss of skid marks, damaged material from vehicles (i.e., glass, damaged panels etc.), and
any works, may influence the interpretation of the crash.
The mean length of time between the crash and the ECIS site inspection being conducted was 20.2 days (SD =
29.2; 95%CI: 17.3-23.1), with 50% of the crash scenes being inspected within 10 days (75th percentile: 22 days;
90th percentile: 43 days; Range = 1-239 days). Nearly two-thirds of crash scenes (63%) were inspected within
2-weeks of the crash and 83% were inspected within 4 weeks. While 17.3% of crash sites were attended by the
ECIS Case Team more than 4 weeks after the crash, the use of multiple information sources overcame this
limitation (see A.5).

TABLE B.5
TIME TO SCENE
INSPECTION

TIME-TO-SCENE INSPECTION FROM CRASH AND ENROLMENT INTO ECIS
TIME FROM ECIS DRIVER CRASH TO SCENE
INSPECTION

TIME FROM ECIS CASE DRIVER CONSENT TO
SCENE INSPECTION

NUMBER

%

NUMBER

PERCENT

1-7 days

136

34.6%

242

61.6%

8-14 days

111

28.2%

53

13.5%

15-28 days

78

19.8%

44

11.2%

29-56 days

39

9.9%

33

8.4%

57-84 days

16

4.1%

9

2.3%

85+ days

13

3.3%

12

3.1%

Per the ECIS study method, it is at the point of driver consent to participate in the ECIS program that the crash
site becomes ‘viable’. It follows then that the time between the injured driver being enrolled in the ECIS
program and the scene inspection taking place (Mean = 15.4 days; SD = 29.0; 95th%CI: 12.6-18.4; 75th
percentile: 14.5; 90th percentile: 36.6; Range = 0 - 238 days) was shorter than when compared to the crash
date.
As shown in Table B.4, 62% of crash scenes were inspected within 7 days of driver enrolment into ECIS with
86% being undertaken within 28 days. For five crashes, the crash scene was inspected on the day of the
interview. A small proportion of crash scenes (3.1%, n=12) were inspected more than 12 weeks from the time
of the driver enrolment into the study; these crashes, like all others, used a number of supplementary
information sources to verify the crash circumstances (see B.5).

B.5

SUPPLEMENTARY INFORMATION

Information from a diverse range of sources was collected for each case. Information from these sources was
confirmatory or provided new insights into each crash (Chapter 2. Table 2.4).
Photos and news footage taken at the immediate crash site proved to be particularly useful to the crash
investigation and crash reconstruction team. This information was routinely available given the severity of the
crashes included in ECIS, in addition to enrolled drivers also providing this material. This was of value in all
crashes, but particularly so in instances where there was a delay to inspect the crash scene.
The ECIS Crash Investigators re-attended 11 scenes to collect additional data points and to confirm the
interpretation of the crash event.

B.6

CASE DATA CONSOLIDATION, CLOSURE AND DATA ENTRY

Data was entered into a purpose-built Qualtrics survey database. Each ECIS data capture form had a separate
data entry interface as did the data relating to crash reconstruction outcomes. These datasets were subjected
to error checking with each variable assessed. The individual datasets were combined and consistency checks
across variables undertaken and inconsistencies resolved by reference to the original case files. A single
uniform SPSS database with 2,417 variables, complete for all 400 ECIS Case drivers and associated ECIS
Control Arm variables, represents the analysis file for the study. This data includes key variables from the Safe
Systems Failure Analysis that was completed for each case. All data was used to identify factors associated
with the occurrence of the crash and injury severity.
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APPENDIX C
C.1

ECIS CONTROL STUDY METHOD

DESIGN CONSIDERATIONS IN THE COLLECTION OF ECIS CONTROL DATA

The ECIS Control Arm measured the ‘free’ speed of vehicles passing through known crash locations. This was
done as a key goal of the ECIS program was to examine the association, if any, between travel speed and crash
risk (see Chapter 6).
‘Free speed’ was defined as the unimpeded travel speed of the driver. In practice, this meant that the first
vehicle in a flow of traffic (if present) was measured using the LaserCam4 device (see Chapter 2). Data
validation ensured that the observed driver did not alter their speeds in response to the presence of the ECIS
Technical Officer. Where this occurred, these observations were deleted.
In order to achieve the best match of traffic and lighting and conditions at the time of the ECIS crash of interest,
speed measurements were taken within a 30-minute window either side of the known crash time, on the same
day of the week. Hence, one full week from the time of the crash had to pass before the site became viable as
an ECIS Control Site. A critical consideration in the time to complete the Control observations was the time
from the crash and resultant hospitalisation until the time of enrolment of the injured driver into the ECIS
Case study.
By way of example, if the ECIS crash of interest occurred on a Saturday at 17:00 at a time it was raining, the
control vehicle speed measures were taken within a 30-minute window of 16:30 to 17:30 on the next available
Saturday. This was an important step to ensure maximum comparability with traffic volume and driver speed
choice behaviour. Historical weather records from the Bureau of Meteorology were used to assess the match
of the site details given the timing of the crash and the control observations.
Following office-based data collation processes, the owner of the registered vehicle was sent the ECIS Control
Study Questionnaire, as outlined in Chapter 2.

C.2

DATA COLLECTION SITES: NUMBER AND MEASUREMENT TIME SINCE CRASH

C.2.1

Number of ECIS Control Sites

A total of 228 ECIS crash locations were studied as control sites. 265 Observations at 189 sites (83%) were taken
in daylight (per the crash-time) and 39 were taken in night-time (dark lighting) conditions (17%). 266
Of the 228 sites, 61% were in urban locations (cf. 63% all ECIS crashes) and 39% were in rural Victoria (cf.
39%). Further, 36.4% involved single vehicle crashes (cf. 37.6%) and 63.6% were multiple vehicle crashes (cf.
61.4%).

TABLE C.1

DISTRIBUTION OF MEASURED FREE TRAVEL SPEED AT CRASH LOCATIONS
DAY NUMBER POSTCRASH FOR ECIS
CONTROL SITE VISIT
(VIABLE DAY)+

TIME FROM ECIS DRIVER
CRASH TO CONTROL SPEED
OBSERVATIONS

TIME FROM ECIS CASE
DRIVER CONSENT TO
CONTROL SPEED
OBSERVATIONS

MATCHED WEEKDAY

NUMBER

%

NUMBER

PERCENT

Within 2 weeks

7, 14

60

26.3%

73

32.0%

3 to 4 weeks

21, 28

63

27.6%

62

27.2%

5 to 8 weeks

35, 42, 49, 56

60

26.3%

53

23.2%

9 – 12 weeks

63, 70, 77, 84

16

7.0%

12

5.3%

> 12 weeks

91, 98, 105, 112

29

12.7%

28

12.3%

TIME TO SPEED
MEASUREMENT†

† Number of weeks reflects the number of possible opportunities to perform weather-matched control site observations.

265 Control data was collected at one additional crash site however the ECIS Crash case was cancelled after data was collected.
266 Based on sunrise / sunset times and crash time.
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C.2.2

Timing of data collection

The time to complete the site observations and speed measurements is shown in Table C.1. Slightly more than
half (53.9%) of the Control Site visits were undertaken within 4-weeks of the crash; that is, within the 4 daymatched opportunities to do so. The majority (80.2%) were undertaken within 8-weeks of the crash. As the
site becomes viable only as an ECIS Control site after consent and enrolment of the injured ECIS Case Driver,
the time from this step until control speed observations being taken is also presented in Table C.1.

C.3

COMPARABILITY OF ROAD CONDITIONS AND TRAFFIC VOLUME AT THE TIME
OF THE ECIS CRASH AND ECIS CONTROL SITE MEASURES

ECIS Control observations were taken within 30 minutes of the known crash time on the same day of the week.
This was done to achieve the best match of traffic conditions, and hence driver speed choice, at the time of the
ECIS crash of interest. Potential factors that may influence speed choice are noted below.

C.3.1

Time and day of week comparability

All ECIS Control observations were performed on the same week day of the crash and within a 30-minute
window either side of the crash time.
In one instance, the ECIS Crash occurred on a public holiday whereas the ECIS Control observations were
captured on a normal working day. Due to this difference, it might be anticipated that the travel speed of the
vehicles involved in the crash would be faster than control vehicles due to lower traffic volume. However, as
the crash occurred on a high-speed low volume rural road it was considered appropriate to include these
observations in the analysis; for completeness, the traffic volume on the working day was 3 vehicles per minute
in both directions. It is also noted here that the control measures were taken two weeks after the crash had
occurred and were matched on weather and road conditions. Of note was that the pre-crash travel speed of the
A-vehicle was estimated to be 4 km/h below the median A-vehicle control speed and the crash-involved Bvehicle was estimated to be travelling within +0.5 km/h of the median B-vehicle control speed; this is contrary
to what might be expected given the crash occurred on a public holiday. It is considered that the high-speed
low volume nature of the road and its rural location negates the potential issue of the public holiday impacting
traffic volume, and hence speed choice.

C.3.2

Road condition comparability and weather conditions

Whilst every effort was made to do so, it was not always possible to match the weather and road conditions
(wet, dry) at the time of the crash (Table C.2).
Road conditions were matched in 68% of Case: Control pairs.
However, for 19.7% (45) of pairs, the road was wet at the time of the crash but dry during the control
observations. This could mean either that the measured control speed was possibly faster due to weather
conditions influencing driver speed choice alone – in which case the relationship between travel speed and
crash risk would be an under-estimate, and/or the wet road was a risk factor for the crash, all other factors
being equal.
In contrast, for 12.3% of pairs the road was dry at the time of the crash and wet during the Control measures.
If road condition impacted driver speed choice, with the control speed being slower, the crash risk relationship
would be over-estimated.
Given this, it is important to consider this matching when performing the statistical risk factor analysis.

TABLE C.2

MATCHING OF ROAD CONDITIONS AT THE TIME OF THE CRASH AND THE CONTROL
MEASURES

ROAD CONDITIONS

SCENARIO (CASE:
CONTROL)

IMPLICATION ON SPEED
CHOICE, HENCE CRASH RISK
ESTIMATE FOR
COMPARABILITY

PERCENT (NUMBER) OF
CASE: CONTROL CRASH
PAIRS IN SCENARIO

Matched

Dry/Dry or Wet/Wet

No influence

68% (155)

Not matched

Wet/Dry

Control vehicle speed possibly
faster: under-estimate crash risk

19.7% (45)

Not matched

Dry/Wet

Control vehicle speed possibly
slower: over-estimate crash risk

12.3% (28)
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C.3.3

Road comparability, roadworks and signage

Before selection as an ECIS Control Site, each potential control site was assessed to determine whether any
structural changes to the road environment had occurred at the crash scene since the time of the crash. This
was done using a combination of photographs of the crash (where available), NearMap (to see historical
changes) and the ECIS Crash Scene Inspection on occasions where this was done before the Control
observations. This was an important step to ensure comparability of measured speeds.
It can be stated that no structural changes were apparent at the time the control observations were taken
compared to the time of the crash, nor were any roadwork signs evident at either the time of the crash or at the
time the control observations were taken. This was also the case for instances where the Control observations
were taken beyond 8 weeks of the crash.
In one Case-Control pair it is noted that in addition to two sets of standard speed limit signs that signified an
increase in travel speed (60 km/h to 80 km/h), temporary advisory speed limit signs were situated on the
ground to signify the 60 km/h zone. These two signs (one on left, one on right) were situated in the immediate
proximity of the crash location at the time of the ECIS Scene Inspection (5 days post-crash) and at the time of
the ECIS Control observations (21 days post-crash). It was not possible to determine from the photos available
to the ECIS Crash Investigation team whether these temporary signs were present at the time of the crash. It
is notable that the single crash-involved vehicle was estimated to be travelling in excess of 30 km/h above the
60 km/h speed limit. This ‘case-control’ pair was retained in the analysis.

C.4

CONTROL SITE VEHICLE OBSERVATIONS AND DRIVER QUESTIONNAIRES

C.4.1

Number of Control Sites, measured vehicles and driver questionnaires

At the 228 ECIS crash-control sites (equivalent to 234 ECIS Case drivers) 267, the following can be reported:
•

9,278 vehicles were speed checked and assessed for ‘free speed’ by the MUARC ECIS Control Team.

•

4,636 questionnaires were sent to the TAC for the purpose of these being sent to the registered owner
of the vehicle.
o

The TAC successfully matched the registration number supplied by MUARC to the Vehicle
Registration Snapshot Data for all vehicles (100%), which contained postal address details of
the registered vehicle owner.


•

A questionnaire was sent by the TAC to the registered owner of 4,629 vehicles observed by MUARC
(99.8%).
o

•

7 vehicles observed by MUARC were owned by rental car companies and were
excluded.

25 vehicles (0.5%) observed by MUARC were found to have had a lapsed registration by the
TAC. The ECIS Control Study questionnaire was sent to the owners of these vehicles despite
the registration having lapsed. At the same time, the TAC reminded the owner of their legal
obligations to pay the registration fee in order to drive the vehicle. None of these owners
returned the questionnaire, with 3 (12%) being observed travelling over the speed limit.

1,536 questionnaires were returned to Monash University by the driver of the vehicle (response rate:
33.2%), with 76.3% (1,172) being the registered owner of the vehicle and 23.7% (364) having been
driving the vehicle at the time that the vehicle was observed. 268

267 Excludes one cancelled case-control pair (60 control observations; 24 sent to TAC by MUARC, 24 sent by TAC to survey recipients
with 4 returned to MUARC).
268 The registered owner was asked to pass the questionnaire to the person driving the vehicle at the time it was observed.
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C.4.2

Demographics of Control driver respondents

Half of the drivers completing the questionnaire were male (50.0%, n=768) and half were female (49.7%,
n=764) [known: n=1532, 99.7%; unknown: n=4, 0.3%]. Male respondents were older (Mean = 50.1 years,
95th%CI: 49.8-51.2; Median = 51.0; Range = 17 - 93) than female respondents (Mean = 47.3 years, 95th% CI:
46.25-48.4; Median = 47.0; Range = 18 - 88).
Driver age and sex were not reported by 2 respondents; 3 drivers failed to note their age but reported their sex,
while 2 reported their age but not their sex; both driver age and sex were reported by 1529 respondents (99.5%).
Due to privacy restrictions, the sex and age distribution of the 3,093 drivers (66.8%) not returning the ECIS
Control questionnaire was not known.

C.4.3

Speed measures

The majority of drivers were travelling below or at the speed limit when observed (Table C.3). The travel speed
of ‘control’ drivers completing the ECIS Questionnaire was similar to those that did not. This lack of response
bias is important for the assessment of the relationship between travel speed and crash risk.

TABLE C.3

DISTRIBUTION OF MEASURED FREE TRAVEL SPEED AT CRASH LOCATIONS

MEASURED SPEED

QUESTIONNAIRE
RECIPIENTS
N=4,629

QUESTIONNAIRE
COMPLETED
N=1536

QUESTIONNAIRE NOT
RETURNED
N=3,093

Below / at speed limit

83.9%

83.5%

84.1%

1 to 5 km/h above

10.4%

11.1%

10.1%

6 to 10 km/h above

3.5%

3.3%

3.6%

11 km/h and more above

2.2%

2.1%

2.2%

C.5

DATA ANALYSIS CONSIDERATIONS: SELECTION OF CASE:CONTROL PAIRS
FOR STATISTICAL ANALYSIS

The primary use of the ECIS Control Arm data is to assess the relationship, if any, between specific variables
of interest and crash risk. These include vehicle travel speed, driver demographics, health-related information,
among other factors of interest.
Prior to the analysis of these data, each Case: Control pair was assessed for suitability for inclusion. Particular
attention was paid to the presence of multiple vehicles and vehicle movements. Crashes that involved complex
vehicle movements, multiple vehicles, or where a crash reconstruction could not be completed were excluded.
Crashes that were reconstructed using the Type-A method for the estimation of travel speed and impact speed
were included (see Appendix B).
After applying these criteria 167 case-control pairs were considered acceptable for analysis. In 21 of these
crashes, an involved driver was positive to alcohol and/or an illicit drug. Hence, 146 crashes were used in the
Case:Control analysis.
This selection process is noted in Chapter 6 where the case-control travel speed crash risk analysis is presented.
Additional detail is provided in Report 2.
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C.6

DESIGN AND OTHER CONSIDERATIONS IN THE COLLECTION OF CONTROL
DATA

For completeness, a number of considerations in the collection of the ECIS Control data are discussed below.
Prior to commencement of the data collection, four ECIS Case sites (crash sites) were used to assess and test
the data collection method. These are not included in the statistics presented above. The purpose of these test
sites was to assess different measurement approaches and to identify any issues related to data collection. This
process allowed refinement of the data capture processes.
In the design of ECIS three control drivers were sought for every driver involved in an ECIS crash (i.e., 3:1
ratio). This accords with best practice in ‘case-control’ studies and is seen to maximise statistical power whilst
remaining efficient. For single vehicle crashes, this translated to a target number of responses from three
drivers, while for two-vehicle crashes six control drivers were required.
Due to cost considerations, and an anticipated one-third response rate, questionnaires were sent to three times
as many control drivers. Drivers closest to the known crash time were selected. At the end of the study, the
control driver survey response rate was 33.2%.
A challenge in the conduct of the control arm of ECIS was capturing the free travel speed of vehicles at night.
A comprehensive technology assessment was undertaken on initiation of ECIS, resulting in the choice of
LaserCam4 as the optimal speed measurement solution. However, data capture at night proved challenging
due to the need to record vehicle registration details manually.
In total, vehicle speed data was collected at 39 sites in dark lighting conditions, representing 17% of all control
site locations (n=228); as a comparison, one-third of ECIS crashes occurred in these dark lighting conditions
(34.7%, n=134).
The collection of control site data at night-time was further complicated by four additional constraints:
1.

The requirement to collect data within a 30-minute window either side of the exact crash time had
implications for staff resourcing, particularly with respect to crashes that occurred on the weekend and
at night, or both.

2. Crash location, particularly with respect to distance from Monash University, had implications for staff
safety, accommodation and other logistics.
3. Sites with low traffic volumes had time-based constraints given the need to obtain speed observations
within a 30-minute window of the crash time. This was further complicated by the need to achieve a
3-to-1 control vehicle-to-case vehicle ratio for statistical analysis.
4. Site feasibility with respect to the observation of vehicles unobtrusively. This was important to
consider with respect to ensuring that the normal traffic flow was not compromised as well as the
safety of the ECIS Control Study staff.
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APPENDIX D

MEASURES OF INJURY SEVERITY AND OUTCOME
ASSESSMENT INSTRUMENTS

A list of commonly used measures of hospital resource and related care measures, injury severity classification
measures, injury outcome tools, functional assessment measures and financial measures commonly used in
clinical practice and research is presented in Table D.1. This information is provided here as context for the ‘fit’
of the Abbreviated Injury Scale Score (AIS) in relation to other measures and serves to highlight the complexity
in assessing the impact of crashes on health.

TABLE D.1

MEASURES OF INJURY SEVERITY AND ASSESSMENT OF OUTCOMES POST-CRASH

TYPE OF MEASURE

SPECIFIC MEASURE

Acute injury and resource measures
Resource and related-care measures

Ambulance trauma triage assessment criteria; Helicopter Emergency Medical Service
(HEMS) transport; Length of stay; Intensive care admission; Admission overnight;
Discharge (separation) status; Admission to rehabilitation; Outpatient visits; GP and
Allied Health service use.

Anatomic and physiological-based measures
Anatomically-based ‘threat-to-life’
measures

Abbreviated Injury Score (AIS); Injury Severity Score (ISS); International Classification of
Disease‐based Injury Severity Score (ICISS).

Physiological measures

Revised Trauma Score (RTS); Glasgow Coma Score (GCS); Acute Physiology and
Chronic Health Evaluation (APACHE).

Combined anatomic and physiologic
measures

Trauma and Injury Severity Score (TRISS); A Severity Characterization of Trauma
(ASCOT).

Outcome of injury measures and assessments
Impairment measures 269

American Medical Association Guides to the Evaluation of Permanent Impairment;
Grading Medical Impairment (Sweden). [Note: both used to quantify functional reduction
due to injury, expressed as a percentage].

Disability measures

WHO Disability Assessment Schedule 2.0 (WHODAS 2.0). [Note: WHODAS 2.0
operationalises the International Classification of Functioning, Disability and Health,
ICF.]; 10 metre walk test (mobility); Timed-up-and-go (balance).

AIS-based measures of impairment 270

Functional Capacity Index (FCI); Injury Impairment Scale (IIS);
Risk of Permanent Medical Impairment (RMPI). 271

Quality of life measures / health
status

Assessment of Quality of Life (AQoL); Health-related quality of life (HRQOL); Euro-QOL
EQ-5D; Medical Outcomes Study SF-36 Health Survey; General Health Questionnaire;
Quality of Life Index.

Burden of injury (disease) measures

Disability-adjusted life years (DALYs); Quality-adjusted life years (QALYs) [both quantify
years of healthy life lost].

Mental health assessment measures

Beck Depression Inventory; Beck Anxiety Inventory; The Depression, Anxiety and Stress
Scale (DASS); Structured Clinical Interview for DSM-5 (SCID);
PTSD Check List – Civilian Version (PCL-C).

269 Impairment defined as ‘any loss or abnormality of psychological, physiologic or anatomic structure or function’ while disability is
defined as activity and/or participation limitations associated with the interaction of impairments, person-based factors and
environmental factors; see WHO World report on disability. Geneva (Switzerland): World Health Organization; 2011. Available at:
https://www.who.int/disabilities/world_report/2011/report.pdf and WHO International classification of functioning, disability and
health (ICF). Geneva (Switzerland): World Health Organization; 2001. Available at: http://www.who.int/classifications/icf/en/
270 The FCI and IIS are designed to capture the consequences, or impact of injury, hence, are measures of disability using the definition
noted in footnote 162, although these are routinely described as measures of impairment. These aim to describe functional limitations
resulting from anatomical injury.
271 Malm S, Krafft M, Kullgren A, Ydenius A, Tingvall C. Risk of permanent medical impairment (RPMI) in road traffic
accidents. Annals of Advances in Automotive Medicine. 2008;52:93–100.
ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 167

TYPE OF MEASURE

SPECIFIC MEASURE

Other assessment measures
Measures of specific function

Community integration questionnaire (CIQ); Goal Attainment Scale (GAS); Orebro
Musculoskeletal Pain Screening Questionnaire (OMSPQ); Lower Extremity Functional
Scale (LEFS). Other outcomes such as Return-to-Work, Goal Attainment, Income
Duration, for example, as used to measure ‘outcome’ post injury.

Financial (actuarial) measures
Cost of injury measures

Actuarial based life-time costs; Human capital and Willingness-to-pay community costs.

Cost of health service use and
access

Costs associated with health-service use, medication costs.
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APPENDIX E

SUPPLEMENTARY DATA TABLES TO CHAPTER 6

The following tables are provided as a supplement to Chapter 6, Factors contributing to the occurrence of
crashes. Data is provided for MAIS 1 and MAIS 2 crashes. This data serves as a comparison to the overall
analysis (all severity) and to MAIS 3+ crashes.

TABLE E.1

DRIVER-BASED CONTRIBUTING FACTORS (MAIS 1 CRASHES)

CONTRIBUTING FACTOR

Performance failure

MAIS 1
CRASHES
(N = 76)†

CRASH TYPE
LANE DEPARTURE
(N = 22)

ACROSS PATH
(N = 22)

REAR IMPACT
(N = 31)

82.9%

81.8%

90.9%

80.6%

Error

60.5%

45.5%

68.2%

67.7%

Behaviours relating to the driving task

44.7%

31.8%

45.5%

54.8%

Inattention

34.2%

45.5%

27.3%

32.3%

Health and driver state

42.1%

59.1%

22.7%

41.9%

Non-compliant behaviour

48.7%

45.5%

81.8%

29.0%

† includes 1 ‘other’ crash not shown as crash type.

TABLE E.2

DRIVER-BASED CONTRIBUTING FACTORS (MAIS 1 CRASHES)

CONTRIBUTING FACTOR

MAIS 1
CRASHES
(N = 76)†

CRASH TYPE
LANE DEPARTURE
(N = 22)

ACROSS PATH
(N = 22)

REAR IMPACT
(N = 31)

No driver factor

0.0%

0.0%

0.0%

0.0%

PF: Performance failure only

25.0%

27.3%

13.6%

32.3%

HDS: Health and driver state factors only

11.8%

9.1%

4.5%

16.1%

NCB: Non-compliant behaviour(s) only

2.6%

4.5%

4.5%

0.0%

PF + HDS

14.5%

18.2%

0.0%

22.6%

PF + NCB

30.3%

9.1%

59.1%

25.8%

HDS + NCB

2.6%

4.5%

0.0%

3.2%

PF + HDS + NCB

13.2%

27.3%

18.2%

0.0%

† includes 1 ‘other’ crash not shown as crash type.
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TABLE E.3

PERCENTAGE OF CRASHES WHERE PERFORMANCE FAILURE(S) ACTED AS A
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (MAIS 1 CRASHES)

PERFORMANCE FAILURE
CONTRIBUTING FACTOR

MAIS 1
CRASHES
(N = 76)†

CRASH TYPE
LANE DEPARTURE
(N = 22)

ACROSS PATH
(N = 22)

REAR IMPACT
(N = 31)

Error

60.5%

45.5%

68.2%

67.7%

Fail to see traffic signs / signals

5.3%

4.5%

9.1%

3.2%

Fail to see hazard / not look

9.2%

0.0%

9.1%

16.1%

Judgement error

10.5%

13.6%

4.5%

12.9%

Vehicle control error

13.2%

31.8%

4.5%

6.5%

By other driver (type unspecified)

34.2%

0.0%

54.5%

58.3%

Behaviours relating to the driving task

44.7%

31.8%

45.5%

54.8%

Inappropriate gap

15.8%

0.0%

0.0%

38.7%

Driving adverse to conditions

15.8%

27.3%

0.0%

19.4%

Unsafe action

19.7%

4.5%

45.5%

12.9%

Inattention

34.2%

45.5%

27.3%

32.3%

Outside vehicle

3.9%

4.5%

4.5%

3.2%

Self / inward focus (thoughts)

7.9%

18.2%

4.5%

3.2%

Activities in vehicle

6.6%

9.1%

9.1%

3.2%

Passenger interactions

5.3%

9.1%

0.0%

6.5%

Technology (use phone)

1.3%

0.0%

4.5%

0.0%

Other unspecified source

9.2%

4.5%

4.5%

16.1%

† includes 1 ‘other’ crashes not shown as crash type.
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TABLE E.4

DRIVER-BASED CONTRIBUTING FACTORS (MAIS 2 CRASHES)

CONTRIBUTING FACTOR

Performance failure

MAIS 2
CRASHES
(N = 112)†

CRASH TYPE
LANE DEPARTURE
(N = 50)

ACROSS PATH
(N = 36)

REAR IMPACT
(N = 23)

92.0%

86.0%

97.2%

95.7%

Error

69.6%

62.0%

75.0%

73.9%

Behaviours relating to the driving task

42.0%

44.0%

38.9%

43.5%

Inattention

57.1%

56.0%

44.4%

78.3%

Health and driver state

37.5%

50.0%

19.4%

43.5%

Non-compliant behaviour

50.9%

38.0%

86.1%

30.4%

† includes 3 ‘other’ crashes not shown as crash type.

TABLE E.5

DRIVER-BASED CONTRIBUTING FACTORS (MAIS 2 CRASHES)

CONTRIBUTING FACTOR

MAIS 2
CRASHES
(N = 112)†

CRASH TYPE
LANE DEPARTURE
(N = 50)

ACROSS PATH
(N = 36)

REAR IMPACT
(N = 23)

No driver factor

0.0%

0.0%

0.0%

0.0%

PF: Performance failure only

25.0%

28.0%

11.1%

30.4%

HDS: Health and driver state factors only

5.4%

10.0%

0.0%

4.3%

NCB: Non-compliant behaviour(s) only

0.9%

0.0%

2.8%

0.0%

PF + HDS

18.8%

24.0%

2.8%

34.8%

PF + NCB

36.6%

22.0%

66.7%

26.1%

HDS + NCB

1.8%

4.0%

0.0%

0.0%

PF + HDS + NCB

11.6%

12.0%

16.7%

4.3%

† includes 3 ‘other’ crashes not shown as crash type.

ECIS REPORT 1: CRASH TYPES, INJURY OUTCOMES AND CONTRIBUTING FACTORS

| 171

TABLE E.6

PERCENTAGE OF CRASHES WHERE PERFORMANCE FAILURE(S) ACTED AS A
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (MAIS 2 CRASHES)

PERFORMANCE FAILURE
CONTRIBUTING FACTOR

MAIS 2
CRASHES
(N = 112)†

CRASH TYPE
LANE DEPARTURE
(N = 50)

ACROSS PATH
(N = 36)

REAR IMPACT
(N = 23)

Error

69.6%

62.0%

75.0%

73.9%

Fail to see traffic signs / signals

10.7%

2.0%

19.4%

13.0%

Fail to see hazard / not look

14.3%

2.0%

22.2%

30.4%

Judgement error

19.6%

22.0%

19.4%

8.7%

Vehicle control error

25.0%

44.0%

5.6%

17.4%

By other driver (type unspecified)

20.5%

30.0%

37.1%

40.0%

Behaviours relating to the driving task

42.0%

44.0%

38.9%

43.5%

Inappropriate gap

3.6%

0.0%

0.0%

17.4%

Driving adverse to conditions

18.8%

34.0%

8.3%

4.3%

Unsafe action

25.0%

16.0%

36.1%

26.1%

Inattention

57.1%

56.0%

44.4%

78.3%

Outside vehicle

20.5%

18.0%

19.4%

26.1%

Self / inward focus (thoughts)

16.1%

18.0%

11.1%

21.7%

Activities in vehicle

4.5%

6.0%

2.8%

4.3%

Passenger interactions

6.3%

4.0%

5.6%

8.7%

Technology (use phone)

3.6%

0.0%

5.6%

8.7%

Other unspecified source

6.3%

10.0%

0.0%

8.7%

† includes 3 ‘other’ crashes not shown as crash type.
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TABLE E.7

PERCENTAGE OF CRASHES WHERE HEALTH FACTORS AND DRIVER STATE ACTED AS A
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (MAIS 1 CRASHES)

HEALTH AND DRIVER STATE
CONTRIBUTING FACTORS

MAIS 1
CRASHES
(N = 76)†

CRASH TYPE
LANE DEPARTURE
(N = 22)

ACROSS PATH
(N = 22)

REAR IMPACT
(N = 31)

Health and driver state

42.1%

59.1%

22.7%

41.9%

Effects of prescribed medication

3.9%

9.1%

4.5%

0.0%

Benzodiazepines

1.3%

4.5%

0.0%

0.0%

Opioid-based (narcotic) analgesics

1.3%

0.0%

4.5%

0.0%

Physical health (medical) condition

18.4%

27.3%

4.5%

19.4%

Acute illness (transient)

5.3%

0.0%

4.5%

9.7%

Mental health conditions and/or
psychological distress

6.6%

18.2%

4.5%

0.0%

Self-harm

0.0%

Driver state

23.7%

0.0%
36.4%

0.0%
13.6%

0.0%
22.6%

Drowsy

17.1%

22.7%

13.6%

16.1%

Fell asleep

6.6%

13.6%

0.0%

6.5%

† includes 1 ‘other’ crash not shown as crash type.

TABLE E.8

PERCENTAGE OF CRASHES WHERE HEALTH FACTORS AND DRIVER STATE ACTED AS A
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (MAIS 2 CRASHES)

HEALTH AND DRIVER STATE
CONTRIBUTING FACTORS

MAIS 2
CRASHES
(N = 112)†

CRASH TYPE
LANE DEPARTURE
(N = 50)

ACROSS PATH
(N = 36)

REAR IMPACT
(N = 23)

Health and driver state

37.5%

50.0%

19.4%

43.5%

Effects of prescribed medication

5.4%

10.0%

0.0%

4.3%

Benzodiazepines

1.8%

2.0%

0.0%

4.3%

Opioid-based (narcotic) analgesics

4.5%

8.0%

0.0%

4.3%

Physical health (medical) condition

8.9%

12.0%

2.8%

13.0%

Acute illness (transient)

6.3%

12.0%

2.8%

0.0%

Mental health conditions and/or
psychological distress

12.5%

16.0%

5.6%

17.4%

Self-harm
Driver state

0.0%
22.3%

0.0%
32.0%

0.0%
11.1%

0.0%
21.7%

Drowsy

15.2%

18.0%

11.1%

17.4%

Fell asleep

7.1%

14.0%

0.0%

4.3%

† includes 3 ‘other’ crashes not shown as crash type.
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TABLE E.9

PERCENTAGE OF CRASHES WHERE NON-COMPLIANT BEHAVIOUR ACTED AS A
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (MAIS 1 CRASHES)

NON-COMPLIANT BEHAVIOUR
CONTRIBUTING FACTORS

MAIS 1
CRASHES
(N = 76)†

CRASH TYPE
LANE DEPARTURE
(N = 22)

ACROSS PATH
(N = 22)

REAR IMPACT
(N = 31)

Non-compliant behaviour

48.7%

45.5%

81.8%

29.0%

Fail to yield

15.8%

0.0%

50.0%

3.2%

Disregard instruction (signal)

9.2%

0.0%

31.8%

0.0%

Presence (substance)

13.2%

31.8%

0.0%

9.7%

Alcohol (beyond BAC licence class)

7.9%

18.2%

0.0%

6.5%

Illicit drugs

7.9%

13.6%

0.0%

9.7%

Travel speed: exceed speed limit

17.1%

18.2%

13.6%

19.4%

1-5 km/h above speed limit

5.3%

4.5%

9.1%

3.2%

6-9 km/h above speed limit

6.6%

9.1%

4.5%

6.5%

10+ km/h above speed limit

5.3%

4.5%

0.0%

9.7%

Crossing traffic lines

0.0%

0.0%

0.0%

0.0%

Improper lane use

0.0%

0.0%

0.0%

0.0%

Criminal activity

0.0%

0.0%

0.0%

0.0%

† includes 1 ‘other’ crash not shown as crash type.

TABLE E.10

PERCENTAGE OF CRASHES WHERE NON-COMPLIANT BEHAVIOUR ACTED AS A
CONTRIBUTING FACTOR FOR CRASH OCCURRENCE (MAIS 2 CRASHES)

NON-COMPLIANT BEHAVIOUR
CONTRIBUTING FACTORS

MAIS 2
CRASHES
(N = 112)†

CRASH TYPE
LANE DEPARTURE
(N = 50)

ACROSS PATH
(N = 36)

REAR IMPACT
(N = 23)

Non-compliant behaviour

50.9%

38.0%

86.1%

30.4%

Fail to yield

13.4%

0.0%

38.9%

4.3%

Disregard instruction (signal)

15.2%

2.0%

44.4%

0.0%

Presence (substance)

14.3%

20.0%

8.3%

13.0%

Alcohol (beyond BAC licence class)

8.0%

10.0%

5.6%

8.7%

Illicit drugs

9.8%

18.0%

2.8%

4.3%

Travel speed: exceed speed limit

13.4%

24.0%

5.6%

4.3%

1-5 km/h above speed limit

5.4%

10.0%

2.8%

0.0%

6-9 km/h above speed limit

0.0%

0.0%

0.0%

0.0%

10+ km/h above speed limit

8.0%

14.0%

2.8%

4.3%

Crossing traffic lines

0.0%

0.0%

0.0%

0.0%

Improper lane use

1.8%

0.0%

2.8%

4.3%

Criminal activity

0.9%

2.0%

0.0%

0.0%

† includes 3 ‘other’ crashes not shown as crash type.
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TABLE E.11

PERCENTAGE OF CRASHES WHERE VEHICLE FACTORS ACTED AS A CONTRIBUTING
FACTOR FOR CRASH OCCURRENCE (MAIS 1 CRASHES)

NON-COMPLIANT BEHAVIOUR
CONTRIBUTING FACTORS

MAIS 1
CRASHES
(N = 76)†

CRASH TYPE
LANE DEPARTURE
(N = 22)

ACROSS PATH
(N = 22)

REAR IMPACT
(N = 31)

Vehicle factor

2.6%

4.5%

0.0%

3.2%

Tyre condition

1.3%

4.5%

0.0%

0.0%

Headlight (non)function

0.0%

0.0%

0.0%

0.0%

Critical vehicle failure

1.3%

0.0%

0.0%

3.2%

Falling load

0.0%

0.0%

0.0%

0.0%

† includes 1 ‘other’ crash not shown as crash type.

TABLE E.12

PERCENTAGE OF CRASHES WHERE VEHICLE FACTORS ACTED AS A CONTRIBUTING
FACTOR FOR CRASH OCCURRENCE (MAIS 2 CRASHES)

NON-COMPLIANT BEHAVIOUR
CONTRIBUTING FACTORS

MAIS 2
CRASHES
(N = 112)†

CRASH TYPE
LANE DEPARTURE
(N = 50)

ACROSS PATH
(N = 36)

REAR IMPACT
(N = 23)

Vehicle factor

6.3%

12.0%

2.8%

0.0%

Tyre condition

5.4%

10.0%

2.8%

0.0%

Headlight (non)function

0.0%

0.0%

0.0%

0.0%

Critical vehicle failure

0.0%

0.0%

0.0%

0.0%

Falling load

0.0%

0.0%

0.0%

0.0%

† includes 3 ‘other’ crashes not shown as crash type.
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TABLE E.13

PERCENTAGE OF CRASHES WHERE ROAD INFRASTRUCTURE ACTED AS A CONTRIBUTING
FACTOR FOR CRASH OCCURRENCE (MAIS 1 CRASHES)

ROAD INFRASTRUCTURE
CONTRIBUTING FACTORS

MAIS 1
CRASHES
(N = 76)†

CRASH TYPE
LANE DEPARTURE
(N = 22)

ACROSS PATH
(N = 22)

REAR IMPACT
(N = 31)

Infrastructure factor

18.4%

18.2%

31.8%

9.7%

Road surface condition

2.6%

9.1%

0.0%

0.0%

Foreign substance on road

3.9%

9.1%

0.0%

3.2%

Road design

6.6%

4.5%

18.2%

0.0%

Road signage / navigation

5.3%

9.1%

4.5%

3.2%

Road structure (features)

5.3%

9.1%

4.5%

3.2%

Environmental factors adversely
impacting visibility

2.6%

0.0%

9.1%

0.0%

Vision obscured by object, roadworks

2.6%

0.0%

9.1%

0.0%

† includes 1 ‘other’ crash not shown as crash type.

TABLE E.14

PERCENTAGE OF CRASHES WHERE ROAD INFRASTRUCTURE ACTED AS A CONTRIBUTING
FACTOR FOR CRASH OCCURRENCE (MAIS 2 CRASHES)

ROAD INFRASTRUCTURE
CONTRIBUTING FACTORS

MAIS 2
CRASHES
(N = 112)†

CRASH TYPE
LANE DEPARTURE
(N = 50)

ACROSS PATH
(N = 36)

REAR IMPACT
(N = 23)

Infrastructure factor

32.1%

40.0%

33.3%

17.4%

Road surface condition

9.8%

18.0%

0.0%

8.7%

Foreign substance on road

4.5%

10.0%

0.0%

0.0%

Road design

8.9%

6.0%

13.9%

8.7%

Road signage / navigation

10.7%

8.0%

19.4%

4.3%

Road structure (features)

8.9%

10.0%

8.3%

8.7%

Environmental factors adversely
impacting visibility

2.7%

2.0%

5.6%

0.0%

Vision obscured by object, roadworks

1.8%

0.0%

5.6%

0.0%

† includes 3 ‘other’ crashes not shown as crash type.
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TABLE E.15

PRE-CRASH STEERING AVOIDANCE ACTIONS AND BRAKING, BY CRASH TYPE (MAIS 1
CRASHES)

PARAMETER

INVOLVED
VEHICLES
(N = 84)†

CRASH TYPE
LANE DEPARTURE
(N = 19)

ACROSS PATH
(N = 38)

REAR IMPACT‡
(N = 25)

No steering action (%)

78.6%

63.2%

84.2%

80.0%

Attempted steering avoidance (%)

21.4%

36.8%

15.8%

20.0%

No braking (%)

56.0%

36.8%

68.4%

52.0%

Braked pre-crash (%)

42.9%

63.2%

31.6%

48.0%

Stationary (%)†

1.2%

N/A

N/A

N/A

1.49 s.
(0.98 s.)

1.65 s.
(0.87 s.)

1.44 s.
(1.22 s.)

1.39 s.
(0.89 s.)

0.57 s.

1.02 s.

0.21 s.

0.65 s.

1.53 s.

1.57 s.

1.53 s.

1.17 s.

2.01 s.

1.97 s.

2.60 s.

1.97 s.

0.02 – 3.33 s.

0.38 – 3.33 s.

0.03 – 3.30 s.

0.36 – 3.26 s.

Pre-crash steering avoidance

Pre-crash braking

Pre-crash braking time
Mean (s)
(SD)
25th percentile
Median (s)
75th percentile
Min/Max (s)

Effect of pre-crash braking on travel speed to impact speed
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-24.6 km/h
(17.1 km/h)

-33.9 km/h
(13.9 km/h)

-19.2 km/h
(18.9 km/h)

-20.6 km/h
(14.9 km/h)

Median (km/h)

-29.2 km/h

-36.3 km/h

-15.1 km/h

-21.2 km/h

Mean (SD)

-35.1% (22.8%)

-41.6% (17.6%)

-30.1% (28.2%)

-33.6% (21.9%)

Median

-34.0%

-38.7%

-24.3%

-30.7%

36

12

12

12

Percent change in speed (mean, km/h)

N

† includes 2 vehicles involved in ‘other’ crashes not shown by crash type.
‡ includes only the ‘striking’ vehicle.
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TABLE E.16

PRE-CRASH STEERING AVOIDANCE ACTIONS AND BRAKING, BY CRASH TYPE (MAIS 2
CRASHES)

PARAMETER

INVOLVED
VEHICLES
(N = 134)†

CRASH TYPE
LANE DEPARTURE
(N = 51)

ACROSS PATH
(N = 61)

REAR IMPACT‡
(N = 19)

No steering action (%)

73.1%

49.0%

86.9%

100%

Attempted steering avoidance (%)

26.9%

51.0%

13.1%

-

No braking (%)

48.5%

29.4%

55.7%

78.9%

Braked pre-crash (%)

51.5%

70.6%

44.3%

21.1%

Stationary (%)†

-

N/A

N/A

N/A

1.49 s.
(1.28 s.)

1.94 s.
(1.48 s.)

1.02 s.
(0.74 s.)

0.42 s.
(0.13 s.)

0.56 s.

1.14 s.

0.53 s.

0.29 s.

1.27 s.

1.61 s.

0.88 s.

0.44 s.

1.94 s.

2.50 s.

1.36 s.

0.55 s.

0.13 – 6.45 s.

0.01 – 3.43 s.

0.25 – 0.58 s.

Pre-crash steering avoidance

Pre-crash braking

Pre-crash braking time
Mean (s)
(SD)
25th percentile
Median (s)
75th percentile
Min/Max (s)

0.01 – 6.45 s.

Effect of pre-crash braking on travel speed to impact

speed##

Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-24.1 km/h
(16.6 km/h)

-29.8 km/h
(18.0 km/h)

-18.0 km/h
(11.6 km/h)

-7.6 km/h
(4.5 km/h)

Median (km/h)

-22.2 km/h

-26.9 km/h

-15.7 km/h

-6.0 km/h

Mean (SD)

-33.9% (20.1%)

-39.6% (20.6%)

-28.8% (17.5%)

-10.8% (6.1%)

Median

-33.0%

-37.0%

-24.7%

-9.3%

69

36

27

4

Percent change in speed (mean, km/h)

N

† includes 3 vehicles involved in ‘other’ crashes not shown by crash type.
## includes 2 vehicles involved in ‘other’ crashes not shown by crash type.
‡ includes only the ‘striking’ vehicle.
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TABLE E.17

PRE-CRASH STEERING AVOIDANCE ACTIONS AND BRAKING, BY CRASH TYPE (MAIS 3+
CRASHES)

PARAMETER

INVOLVED
VEHICLES
(N = 295)†

CRASH TYPE
LANE DEPARTURE
(N = 165)

ACROSS PATH
(N = 113)

REAR IMPACT‡
(N = 11)

No steering action (%)

66.8%

58.2%

77.9%

72.7%

Attempted steering avoidance (%)

33.2%

41.8%

22.1%

27.3%

No braking (%)

40.0%

29.1%

54.0%

45.5%

Braked pre-crash (%)

60.0%

70.9%

46.0%

54.5%

Stationary (%)†

-

N/A

N/A

N/A

1.22 s.
(0.91 s.)

1.24 s.
(0.93 s.)

1.20 s.
(0.89 s.)

0.93 s.
(0.55 s.)

0.61 s.

0.56 s.

0.68 s.

0.49 s.

0.99 s.

1.03 s.

0.98 s.

0.83 s.

1.65 s.

1.70 s.

1.42 s.

1.55 s.

0.02 – 4.91 s.

0.02 – 4.91 s.

0.07 – 4.45 s.

0.21 – 1.56 s.

Pre-crash steering avoidance

Pre-crash braking

Pre-crash braking time
Mean (s)
(SD)
25th percentile
Median (s)
75th percentile
Min/Max (s)

Effect of pre-crash braking on travel speed to impact speed
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-22.9 km/h
(16.5 km/h)

-24.5 km/h
(18.1 km/h)

-20.4 km/h
(12.0 km/h)

-15.3 km/h
(11.4 km/h)

Median (km/h)

-19.8 km/h

-20.9 km/h

-18.6 km/h

-13.3 km/h

Mean (SD)

-29.2% (18.9%)

-29.0% (18.6%)

-29.8% (18.3%)

-20.9% (17.6%)

Median

-27.1%

-27.4%

-25.7%

-14.5%

177##

117

52

6

Percent change in speed (mean, km/h)

N

‡ includes only the ‘striking’ vehicle.
## includes 2 vehicles involved in ‘other’ crashes not shown by crash type.
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TABLE E.18

CHANGE IN PRE-CRASH TRAVEL SPEED TO IMPACT SPEED (ALL VEHICLES, ALL CRASHES)

PARAMETER

INVOLVED
VEHICLES

CRASH TYPE
LANE DEPARTURE

ACROSS PATH

REAR IMPACT‡

All vehicles: Change in travel speed to impact speed
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-16.7 km/h
(17.1 km/h)

-21.9 km/h
(19.0 km/h)

-12.6 km/h
(14.2 km/h)

-10.9 km/h
(11.9 km/h)

Median (km/h)

-11.8 km/h

-19.0 km/h

-7.8 km/h

-5.1 km/h

Mean (SD)

-24.1% (22.8%)

-27.2% (21.7%)

-21.9% (23.4%)

-18.9% (21.9%)

Median

-18.9%

-24.6%

-16.2%

-9.7%

513

235

212

55

Percent change in speed (mean, km/h)

Number of vehicles

MAIS 1: change in travel speed to impact speed (all vehicles)
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-16.3 km/h
(17.1 km/h)

-23.6 km/h
(18.3 km/h)

-13.9 km/h
(17.6 km/h)

-14.6 km/h
(14.5 km/h)

Median (km/h)

-8.6 km/h

-29.8 km/h

-7.5 km/h

-6.8 km/h

Mean (SD)

-27.8% (28.1%)

-30.4% (23.5%)

-28.2% (31.3%)

-26.4% (27.3%)

Median

-16.9%

-32.5%

-15.6%

-16.6%

84

19

38

25

Percent change in speed (mean, km/h)

Number of vehicles

MAIS 2: change in travel speed to impact speed (all vehicles)
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-16.8 km/h
(16.5 km/h)

-26.3 km/h
(18.5 km/h)

-11.4 km/h
(12.0 km/h)

-6.7 km/h
(6.4 km/h)

Median (km/h)

-13.8 km/h

-26.4 km/h

-8.5 km/h

-4.1 km/h

Mean (SD)

-25.5% (22.3%)

-35.1% (22.8%)

-20.5% (20.9%)

-12.6% (13.1%)

Median

-23.3%

-33.0%

-21.6%

-5.5%

134

51

61

19

Percent change in speed (mean, km/h)

Number of vehicles

MAIS 3: change in travel speed to impact speed (all vehicles)
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-16.8 km/h
(17.4 km/h)

-20.3 km/h
(19.1 km/h)

-12.8 km/h
(14.1 km/h)

-9.5 km/h
(10.5 km/h)

Median (km/h)

-15.4 km/h

-15.6 km/h

-7.5 km/h

-4.5 km/h

Mean (SD)

-22.5% (21.2%)

-24.2% (20.7%)

-20.7% (21.4%)

-12.9% (15.6%)

Median

-17.6%

-19.9%

-16.1%

-5.7%

295

165

113

11

Percent change in speed (mean, km/h)

Number of vehicles

† All: includes 11 vehicles involved in ‘other’ crashes not shown by crash type; (MAIS 1: 2 vehicles; MAIS 2: 3 vehicles; MAIS 3+: 6 vehicles).
‡ includes only the ‘striking’ vehicle.
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TABLE E.19

CHANGE IN PRE-CRASH TRAVEL SPEED TO IMPACT SPEED (NO BRAKING)

PARAMETER

INVOLVED
VEHICLES

CRASH TYPE
LANE DEPARTURE

ACROSS PATH

REAR IMPACT‡

All non-braking vehicles: Change in travel speed to impact speed†
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-8.4 km/h
(13.8 km/h)

-11.2 km/h
(17.1 km/h)

-7.4 km/h
(12.9 km/h)

-6.9 km/h
(9.1 km/h)

Median (km/h)

-2.9 km/h

-4.8 km/h

-1.5 km/h

-2.9 km/h

Mean (SD)

-15.6% (23.3%)

-15.4% (22.2%)

-16.3% (24.5%)

-14.2% (21.9%)

Median

-5.1%

-5.8%

-3.4%

-5.1%

230

70

121

33

Percent change in speed (mean, km/h)

Number of vehicles

MAIS 1: change in travel speed to impact speed (non-braking vehicles)†
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-9.8 km/h
(14.3 km/h)

-5.8 km/h
(7.8 km/h)

-11.5 km/h
(16.7 km/h)

-9.3 km/h
(12.1 km/h)

Median (km/h)

-3.9 km/h

-4.3 km/h

-3.4 km/h

-4.0 km/h

Mean (SD)

-22.2% (30.5%)

-11.2% (20.6%)

-27.3% (32.9%)

-19.7% (32.8%)

Median

-5.7%

-5.7%

-11.8%

-6.1%

47

7

26

13

Percent change in speed (mean, km/h)

Number of vehicles

MAIS 2: change in travel speed to impact speed (non-braking vehicles)†
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-8.9 km/h
(12.3 km/h)

-17.8 km/h
(17.5 km/h)

-6.1 km/h
(9.6 km/h)

-6.4 km/h
(6.9 km/h)

Median (km/h)

-3.8 km/h

-11.9 km/h

-2.1 km/h

-2.9 km/h

Mean (SD)

-16.5% (20.9%)

-24.3% (24.7%)

-139% (21.4%)

-13.1% (14.5%)

Median

-7.6%

-17.6%

-4.8%

-5.1%

65

15

34

15

Percent change in speed (mean, km/h)

Number of vehicles

MAIS 3: change in travel speed to impact speed (non-braking vehicles)†
Absolute change in speed (mean, km/h)
Mean (km/h)
(SD)

-7.4 km/h
(14.5 km/h)

-9.9 km/h
(17.6 km/h)

-6.3 km/h
(12.5 km/h)

-2.5 km/h
(1.8 km/h)

Median (km/h)

-2.3 km/h

-3.4 km/h

-1.2 km/h

-2.7 km/h

Mean (SD)

-12.4% (20.7%)

-13.2% (21.3%)

-12.8% (20.8%)

-3.1% (2.3%)

Median

-3.4%

-5.5%

-2.3%

-3.2%

118

48

61

5

Percent change in speed (mean, km/h)

Number of vehicles

† All: includes 6 vehicles involved in ‘other’ crashes not shown by crash type; (MAIS 1: 1 vehicle; MAIS 2: 1 vehicle; MAIS 3+: 4 vehicles).
‡ includes only the ‘striking’ vehicle.
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APPENDIX F

SUPPLEMENTARY DATA TABLES TO CHAPTER 7

The following tables are provided as a supplement to Chapter 7, Factors associated with injury severity. Data
is provided for drivers sustaining MAIS 1 and MAIS 2 crashes. This data serves as a comparison to the overall
analysis (all severity) and where drivers sustained MAIS 3+ injuries.
Detail regarding Australian Design Rule regulatory crash tests and ANCAP crash tests, including impact
configuration and test speed is provided. This information provides a further basis for the selection of impact
speed boundary conditions where the safety envelope of vehicles is defined. This information was current at
December 2018.
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TABLE F.1

INJURY OCCURRENCE AND SEVERITY FACTORS (MAIS 1 INJURED ECIS DRIVERS)

FACTORS CONTRIBUTING TO INJURY

ALL
DRIVERS
(N = 84)†

CRASH TYPE
LANE DEPARTURE
(N = 24)

ACROSS PATH
(N = 27)

REAR IMPACT
(N = 32)

Driver-related factors: Seating position, seat-belt use and objects in vehicle
Any factor evident

6.0%

4.2%

11.1%

3.1%

Seat-belt not used

4.8%

4.2%

7.4%

3.1%

Incorrect use of seat-belt

0.0%

0.0%

0.0%

0.0%

Seating position (e.g. out of position)

0.0%

0.0%

0.0%

0.0%

Loose object in vehicle

0.0%

0.0%

0.0%

0.0%

Object on lap

1.2%

0.0%

3.7%

0.0%

40.5%

45.8%

40.7%

37.5%

10.7%

16.7%

7.4%

9.4%

Lack of airbags

8.3%

16.7%

7.4%

3.1%

Front airbag function

0.0%

0.0%

0.0%

0.0%

Side airbag function

0.0%

0.0%

0.0%

0.0%

Inadequate restraint

1.2%

0.0%

0.0%

3.1%

Excessive intrusion

0.0%

0.0%

0.0%

0.0%

Vehicle stiffness

0.0%

0.0%

0.0%

0.0%

Door opening / failure

0.0%

0.0%

0.0%

0.0%

Seat failure

2.4%

0.0%

0.0%

6.3%

Critical load shift

0.0%

0.0%

0.0%

0.0%

Vehicle fire

0.0%

0.0%

0.0%

0.0%

23.2%

25.0%

22.2%

25.0%

0.0%

0.0%

0.0%

0.0%

25.0%

33.3%

18.5%

25.0%

11.9%

8.3%

11.1%

15.6%

Access for HEMS: remote, weather

0.0%

0.0%

0.0%

0.0%

Delayed notification

1.2%

4.2%

0.0%

0.0%

Complex extrication

4.8%

8.3%

3.7%

3.1%

Prolonged transport

3.6%

0.0%

3.7%

6.3%

4.8%

0.0%

0.0%

12.5%

Vehicle-related factor
Any factor evident
Vehicle safety aspects
Any factor evident

Vehicle load
Fire
Vehicle-to-vehicle incompatibility (excludes single vehicle crashes)
‘Gross' incompatibility
Occupant ejection (complete, partial)
Ejection evident
Occupant entrapment
Trapped due to vehicle deformation
Post-crash: Emergency services operations
Any factor evident

Post-crash: Other factors
Self-extrication and delayed treatment
† includes 1 ‘other’ driver not shown as crash type.
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TABLE F.2

INJURY OCCURRENCE AND SEVERITY FACTORS (MAIS 2 INJURED ECIS DRIVERS)

FACTORS CONTRIBUTING TO INJURY

ALL
DRIVERS
(N = 128)†

CRASH TYPE
LANE DEPARTURE
(N = 62)

ACROSS PATH
(N = 40)

REAR IMPACT
(N = 23)

Driver-related factors: Seating position, seat-belt use and objects in vehicle
Any factor evident

12.5%

17.7%

2.5%

8.7%

Seat-belt not used

7.0%

11.3%

0.0%

4.3%

Incorrect use of seat-belt

0.8%

1.6%

0.0%

0.0%

Seating position (e.g. out of position)

2.3%

1.6%

2.5%

0.0%

Loose object in vehicle

2.3%

3.2%

0.0%

4.3%

Object on lap

0.0%

0.0%

0.0%

0.0%

66.4%

74.2%

60.0%

52.2%

33.6%

43.5%

30.0%

17.4%

Lack of airbags

25.0%

33.9%

22.5%

8.7%

Front airbag function

1.6%

1.6%

0.0%

4.3%

Side airbag function

0.0%

0.0%

0.0%

0.0%

Inadequate restraint

2.3%

3.2%

2.5%

0.0%

Excessive intrusion

7.0%

6.5%

10.0%

4.3%

Vehicle stiffness

2.3%

1.6%

5.0%

0.0%

Door opening / failure

0.8%

1.6%

0.0%

0.0%

Seat failure

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.8%

1.6%

0.0%

0.0%

34.7%

38.9%

28.2%

43.8%

2.3%

3.2%

0.0%

0.0%

38.3%

50.0%

25.0%

21.7%

21.1%

33.9%

10.0%

4.3%

Access for HEMS: remote, weather

0.8%

1.6%

0.0%

0.0%

Delayed notification

3.1%

6.5%

0.0%

0.0%

Complex extrication

12.5%

21.0%

2.5%

4.3%

Prolonged transport

3.1%

3.2%

5.0%

0.0%

3.1%

4.8%

2.5%

0.0%

Vehicle-related factor
Any factor evident
Vehicle safety aspects
Any factor evident

Vehicle load
Critical load shift
Fire
Vehicle fire

Vehicle-to-vehicle incompatibility (excludes single vehicle crashes)
‘Gross' incompatibility
Occupant ejection (complete, partial)
Ejection evident
Occupant entrapment
Trapped due to vehicle deformation
Post-crash: Emergency services operations
Any factor evident

Post-crash: Other factors
Self-extrication and delayed treatment
† includes 3 ‘other’ drivers not shown as crash type.
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TABLE F.3

PERCENTAGE OF MAIS 1 AND MAIS 2 CRASHES WHERE THE IMPACT SPEED WAS WITHIN,
OR ABOVE, THE IMPACT SPEED SAFETY THRESHOLD

CRASH TYPE

MAIS 1

MAIS 2

WITHIN

EXCEEDED

WITHIN

EXCEEDED

All crashes

53.9%

46.1%

34.8%

65.2%

Lane Departure crashes

27.3%

72.7%

28.0%

72.0%

Off road to left

18.2%

81.8%

31.8%

68.2%

Off road to right

37.5%

62.5%

33.3%

66.7%

Head-on (curve)

Nil

Nil

0.0%

100%

Head-on (straight)

33.3%

66.7%

11.1%

88.9%

Across Path crashes

63.6%

36.4%

47.2%

52.8%

To enter carriageway

71.4%

28.6%

35.7%

64.3%

Turn across

75.0%

25.0%

44.4%

55.6%

Cross traffic

54.5%

45.5%

61.5%

38.5%

Rear impact crashes

64.5%

35.5%

34.8%

65.2%

At intersection

75.0%

25.0%

28.6%

71.4%

In traffic (Midblock)

33.3%

66.7%

25.0%

75.0%

Into parked vehicle in midblock

100%

0.0%

50.0%

50.0%

Other

100%

0.0%
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TABLE F.4

PERFORMANCE-BASED AUSTRALIAN DESIGN RULES APPLICABLE TO VEHICLES INVOLVED
IN ECIS CRASHES 272
EFFECTIVE FROM /
VEHICLE TYPES REGULATION
APPLIES TO†

TEST
SPEED
(KM/H)

TEST SPECIFICATIONS / OCCUPANTS
INCLUDED

69

48.0

Full-width, non-deformable solid concrete
barrier
ATD: Hybrid III (50th percentile adult male)
Positions: driver and front left passenger

1 / 1995 (phased-in to year 2000)
MA, MB, MC, NA

73

56.0
-0/+1

40% overlap (+/- 20 mm), deformable barrier
ATD: Hybrid III (50th percentile adult male)
Positions: driver and front left passenger

1 / 2000
MA

72

50.0
+/-1

Perpendicular test using 950 kg (+/- 20 kg)
barrier with crushable face (mobile deformable
barrier)
ATD: EuroSID-1 (50th percentile adult male)
Position: driver

1/ 1999 (MB / MC in 2000)
MA, MB, MC, NA

Side impact:
pole impact

85

32.0 +/1

75-degree angle impact with pole
ATD: WorldSID 50th percentile adult male
Position: driver

11 / 2017 (phased-in: NA in 7 /
2018)
MA, MB, MC, NA

Rear impact

No regulation

Rollover

No regulation

IMPACT TYPE

Frontal impact:
fully distributed
crash
Frontal impact:
offset crash
Side impact:
vehicle-tovehicle (barrier)
crash

Note†:

ADR
NUMBER

MA: Passenger car; MB: Forward-control passenger vehicle; MC: Off-road passenger vehicle; NA: Light goods vehicle (up to 4.5 t GVM).

272 ADR 69: https://www.legislation.gov.au/Details/F2012C00138
ADR 73: https://www.legislation.gov.au/Details/F2005L03990
ADR 72: https://www.legislation.gov.au/Details/F2005L03992
ADR 85: https://www.legislation.gov.au/Details/F2015L02109
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TABLE F.5

ANCAP CRASH TESTS APPLICABLE TO VEHICLES INVOLVED IN ECIS CRASHES
VERSION
NUMBER

TEST SPEED
(KM/H)

Frontal impact: fully distributed /
width crash

1.1

50.0 +/-1

Full-width, non-deformable solid concrete barrier
ATD (Hybrid III 5th percentile - small female): Adult driver,
Adult occupant in rear outboard seat (opposite to driver)

Frontal impact: offset crash

7.1.3

64.0 +/-1

40% overlap (+/- 20 mm), deformable barrier
ATD: 2 adults in front driver and passenger positions
(Hybrid III), 10-year-old (Q-10) and 6-year-old child (Q-6)
(rear seats)

Side impact: vehicle-to-vehicle
(barrier) crash

7.1.4

50.0 +/-1

Perpendicular test using 1300 kg (+/- 20 kg) barrier with
crushable face (mobile deformable barrier)
ATD: WorldSID 50th percentile (75 kg) male (driver
position) plus 10-year-old (Q-10) and 6-year-old child (Q-6)
(rear seats) per Child Occupant Protection protocol
(v.7.2.1)

Side impact: pole impact

7.0.4

32.0 +/-0.5

75-degree angle impact with pole
ATD: WorldSID 50th percentile (75 kg) male (driver
position)

Whiplash protection (for rearimpact crashes)

3.1.2

Rollover

No test

IMPACT TYPE

TEST SPECIFICATIONS / OCCUPANTS INCLUDED

Dynamic seat-test mounted on sled, with 3 different
acceleration levels
ATD: BioRIDIIg rear-crash-dummy
(Note: test protocol for rear occupants, see Whiplash
Protection protocol, V.1.0)

Note: Excludes previous pole impact test which was in operation during the lifespan of the vehicles that were being driven at the time of the crash. The Test was
applicable only for vehicles with side airbags fitted. For full detail of current ANCAP Technical Protocols, see https://www.ancap.com.au/technical-protocols-andpolicies.
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APPENDIX G

SUPPLEMENTARY DATA TABLES TO CHAPTER 8

The following tables are provided as a supplement to Chapter 8. Data is provided for Lane Departure crashes,
Across Path crashes and Rear Impact crashes. Analysis is provided by MAIS crash severity. The data
supplement Figure 8.3

TABLE G.1

PROPORTION OF LANE DEPARTURE CRASHES WHERE SYSTEM CRITERIA WERE MET
ALL
(N = 199)

MAIS 1 (N=22)

MAIS 2 (N=50)

MAIS 3+ (N=127)

Criteria met

0.5% (1)

4.5% (1)

0.0% (0)

0.0% (0)

Criteria not met

99.5% (198)

95.5% (21)

100% (50)

100% (127)

Criteria met

31.7% (63)

36.4% (8)

38.0% (19)

28.3% (36)

Criteria not met

68.3% (136)

63.6% (14)

62.0% (31)

71.7% (91)

SYSTEM DOMAIN

CRASH SEVERITY

ALL SYSTEM CRITERIA COMBINED

SYSTEM SUB-COMPONENTS
SAFE DRIVER CRITERIA

Failed criteria (not compliant)

53.8% (107)

45.5% (10)

46.0% (23)

58.3% (74)

Failed criteria (driver state)

14.6% (29)

18.2% (4)

16.0% (8)

13.4% (17)

SAFE VEHICLE CRITERIA
Criteria met

10.1% (20)

18.2% (4)

16.0% (8)

6.3% (8)

Criteria not met

89.9% (179)

81.8% (18)

84.0% (42)

93.7% (119)

Criteria met

20.1% (40)

31.8% (7)

20.0% (10)

18.1% (23)

Criteria not met

79.9% (159)

68.2% (15)

80.0% (40)

81.9% (104)

SAFE ROADS CRITERIA
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TABLE G.2

PROPORTION OF ACROSS PATH CRASHES WHERE SYSTEM CRITERIA WERE MET
ALL
(N = 117)

MAIS 1 (N=22)

MAIS 2 (N=36)

MAIS 3+ (N=59)

Criteria met

0.9 (1)

0% (0)

2.8% (1)

0.0% (0)

Criteria not met

99.1 (116)

100% (22)

97.2% (35)

100% (59)

Criteria met

61.5% (72)

63.6% (14)

75.0% (27)

52.5% (31)

Criteria not met

38.5% (45)

36.4% (8)

25.0% (9)

47.5% (28)

SYSTEM DOMAIN

CRASH SEVERITY

ALL SYSTEM CRITERIA COMBINED

SYSTEM SUB-COMPONENTS
SAFE DRIVER CRITERIA

Failed criteria (not compliant)

30.8% (36)

27.3% (6)

13.9% (5)

42.4% (25)

Failed criteria (driver state)

7.7% (9)

9.1% (2)

11.1% (4)

5.1% (3)

SAFE VEHICLE CRITERIA†
Criteria met

6.8% (8)

13.6% (3)

13.9% (5)

0.0% (0)

Criteria not met

93.2% (109)

86.4% (19)

86.1% (31)

100% (59)

Criteria met

8.5% (10)

9.1% (2)

5.6% (2)

10.2% (6)

Criteria not met

91.5% (107)

90.9% (20)

94.4% (34)

89.8% (53)

SAFE ROADS CRITERIA

†

p ≤ 0.01.
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TABLE G.3

PROPORTION OF REAR IMPACT CRASHES WHERE SYSTEM CRITERIA WERE MET
ALL
(N = 68)

MAIS 1 (N=31)

MAIS 2 (N=23)

MAIS 3+ (N=14)

Criteria met

8.8% (6)

12.9% (4)

8.7% (2)

0.0% (0)

Criteria not met

91.2% (62)

87.1% (27)

91.3% (21)

100% (14)

Criteria met

52.9% (36)

54.8% (17)

52.2% (12)

50.0% (7)

Criteria not met

47.1% (32)

45.2% (14)

47.8% (11)

50.0% (7)

Failed criteria (not compliant)

26.5%

25.8%

26.1%

28.6%

Failed criteria (driver state)

20.6%

19.4%

21.7%

21.4%

SYSTEM DOMAIN

CRASH SEVERITY

ALL SYSTEM CRITERIA COMBINED

SYSTEM SUB-COMPONENTS
SAFE DRIVER CRITERIA

SAFE VEHICLE CRITERIA
Criteria met

16.2% (11)

22.6% (7)

13.0% (3)

7.1% (1)

Criteria not met

83.8% (57)

77.4% (24)

87.0% (20)

92.9% (13)

Criteria met

70.6% (48)

16.1% (26)

34.8% (15)

50.0% (7)

Criteria not met

29.4% (20)

83.9% (5)

65.2% (8)

50.0% (7)

SAFE ROADS CRITERIA
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