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Abstract

The coding of road crashes is designed to identify patterns of contributing factors for the
development of countermeasures. In Australia, crash type is defined by the last vehicle
movement before the first crash impact. This coding system was originally based on police
data for motor vehicle crashes but did not distinguish between vehicle types. The aim
of this study was to examine the accuracy of current crash coding practice when applied
to motorcycle crashes. This was a population-based study of 1,479 motorcycle crashes
reported in Tasmania between 2013-2016. All crashes were recoded based on details
from police reports and the revised codes were compared to those assigned by the road
authority. The defining role of the last vehicle movement was suspended in cases where
it excluded other prior contributing factors identified in the police report. Almost half
of the motorcycle crashes were reclassified to incorporate additional information from
the police reports including contributing factors or prior events that are characteristic
of motorcycle crashes. These factors had been excluded in the original coding due to
the last vehicle movement protocol. The last vehicle movement is not an appropriate
method for classifying motorcycle crashes. Training in crash reporting for police and
road authorities should include awareness of the different contributing crash factors for
different vehicle types and the importance of accurate crash data for the development
of targeted countermeasures. The addition of motorcycle specific crash categories and
subcodes to the coding systems is also recommended.

Key findings

» The existing crash coding system is not suited for the reporting and analysing of motorcycle crashes nor
the development of countermeasures.

» The system cannot be leveraged to its maximum potential due to its reliance on the last vehicle movement
before the first crash impact, which excludes prior events typical in motorcycle crashes.

» The system does not provide motorcycle specific subcodes to account for the contributing factors that are
characteristic of motorcycle crashes.

» Crashes due to a motorcycle avoiding a collision with another vehicle, are currently coded as single vehicle
but should be multi-vehicle.

Introduction crash data are collected and analysed is critical to correctly

identify the most relevant contributing factors for the de-
Strategies to reduce the risks and severity of road crashes V_empmfmt of Cou'nt.ermeasures. A Safe SS_’Stem crash anal'y-
depend on the accurate identification of contributing fac- SiS requires a holistic approach that considers the potential
tors, risk patterns and population exposure rates. The way contribution of the road users, their vehicles, the design
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Figure 1. Definitions for classifying accidents (DCA) VicRoads, 2013

and condition of road infrastructure and roads policy (Bliss
& Breen, 2020).

Police crash reports are the primary source of data for
crash research and policy development purposes. While
there are numerous variables potentially involved in motor
vehicle crashes, there is a generally agreed, minimum set
of data necessary for the investigation of a crash (Aus-
troads, 2015). Data is entered into mandatory report forms
designed to ensure all essential and relevant details are
recorded. In most jurisdictions, police also provide a sketch
and text narrative of the sequence of events, each of which
is critical for understanding the contributory factors (Mon-
tella et al., 2013).

There is a long history of attempts to find efficient cod-
ing systems that combine elements from crash data to iden-
tify patterns of human error by road configurations (An-
dreassen, 1983, 1986; NSC, 1969). Most coding systems
(e.g. Definitions for Classifying Accidents (DCA) and Road
User Movement (RUM) codes used in Australia), use a ma-
trix of numbered diagrams (approximately 100) that are
based on the road user movements and road layout imme-
diately prior to the first impact (Austroads, 2015). Figure 1
is the current matrix used in Victoria and Tasmania.

The columns of the matrix define broad categories such
as direction of travel (intersection, opposing or same di-
rection) based on crash type (collision/non-collision). The
rows contain sub-codes representing additional details that
are characteristic of each category to allow more precise
understanding of the events. Similar coding systems are
used in Australia, New Zealand, Europe and the United
States of America (Montella et al., 2013; NHTSA, 2019).
Crash coding is typically undertaken by the road authority.
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Crash coding systems may also identify the ‘key’ vehicle,
being that whose last movement most contributed to the
crash. Key vehicle status does not determine fault in legal
terms but is defined by the road layout and the final vehicle
movement before the first crash impact (RTA, 2005; TMR,
2023). Figure 2 shows three examples of codes in which a
vehicle turns right across the path of another (Austroads,
2015). In each of these configurations, the turning vehicle
is defined as the key vehicle (highlighted bold) because
they turned into the path of another vehicle regardless of
whether it had right of way (e.g., at traffic lights).

Coding systems with key vehicle analysis can be a most
useful tool for understanding what happened in a crash.
This is important because it can identify patterns in the
failure to avoid a collision that are characteristic of specific
road layout types (Austroads, 2015; Montella et al., 2013).

The original coding systems were based on data from
motor vehicle crashes, most of which involved cars (92%) at
that time (RTA, 1997). In consequence the crash kinemat-
ics of other vehicles were not considered in the coding sys-
tem (Austroads, 2015). The question now is whether these
codes are suitable for classifying other vehicle crashes, par-
ticularly motorcycles (Rowden et al., 2008; Vicroads, 2014).

The limitations of the last movement before the crash
for classifying motorcycle crashes was first raised by An-
dreassen (1986). He noted that single vehicle ‘out of con-
trol’ crashes often involved other factors including avoiding
another vehicle. He argued that such cases should properly
be classified as multi-vehicle or the role of other factors
such as animals or objects on the road be noted (An-
dreassen, 1986). The ‘last movement’ criteria have also
been identified as failing to accurately identify factors in
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Figure 2. Definitions for Classifying Accidents (DCA) Codes (Austroads, 2015)

Note: Key vehicle in bold

pedestrian crashes (Afroza et al., 2022) with similar limita-
tions likely for crashes involving cyclists and personal mo-
bility device users (e.g., e-scooter).

The aim of this study was to determine whether the cur-
rent crash coding (DCA) system and specifically the defin-
ing focus on the last vehicle movement, accurately identi-
fies the key factors in motorcycle crashes. The objective was
to ensure the coding system maximised the potential bene-
fits of crash data for the development of targeted counter-
measures within a Safe System approach.

Method

Data for motorcycle crashes (n=1,590) reported between 1
April 2013 and 31 December 2016 and the text narratives
from their police reportsl, were provided by the Tasmanian
Department of State Growth. To be eligible for inclusion in
the study, crashes were required to have been transport-
related, on public roads and with police text narratives
available. The objective of the analysis was to compare the
DCA codes assigned to crashes in the Department’s dataset
with details provided in the police text narratives (Aus-
troads, 2015). A researcher, with an extensive experience in
motorcycle crash investigations, crash coding systems and
analysis of administrative crash data conducted the review.
This involved using the DCA coding system to classify each
crash, based on the police text narratives. Web-based maps
and photographs of the crash location were used to clarify
road layout or other relevant details of crash site locations
where necessary (Google.com.au/maps/place, Google.com
earth/).

It became apparent that there was a systematic disparity
between the coding based on the police reports and the
coding in the Department’s dataset. These disparities typ-
ically involved events where a motorcycle rider crashed
while trying to avoid a collision with another vehicle, an-
imal or object on the road. Current coding practice classi-
fies such cases as being due to loss of control, which de-
scribes the vehicle’s final movement before the first impact.
It was therefore decided that, for the purposes of this study,

the last vehicle movement as the defining basis for classi-
fication, would be suspended for those crashes where ad-
ditional contributing factors had been identified. The re-
vised coding (DCA-R) therefore included any precipitating
factors mentioned in the police narratives that were avail-
able as categories or subcodes within the coding system.
New variables were also added to distinguish single (SVC)
from multi-vehicle (MVC) crashes, and to identify the key
vehicle in multi-vehicle crashes as either the rider (MVC-
R) or the other driver (MVC-D). Key vehicle status was as-
signed to each multi-vehicle crash where coding had been
revised. The revised DCA-R codes were merged into the De-
partment’s crash dataset using their unique crash identifi-
cation numbers.

To illustrate the recoding process, the following example
is from a crash originally coded ‘Off path on straight’ with
subcode ‘179 Other straight’ 2 Using information from the
police narrative, the crash was recoded to ‘On path’, sub-
code ‘Struck animal (not ridden)’. The revised coding de-
scribes a very different event where the motorcycle struck
an animal on the carriageway, the rider lost control and
crashed off the road.

Results

The text narratives identified 111 crashes that were outside
the study criteria. These had occurred either on private
property, racetracks, off-road trails, beaches, during rider
training or police chases. The final dataset consisted of
1,479 cases, which represented 93 percent of all motorcycle
crashes (n=1,590) reported between 1 April 2013 and 31 De-
cember 2016.

The review resulted in the recoding of 47 percent of the
crashes (n=693/1,479) to incorporate details from the po-
lice narrative. Over half of the revised crashes (n=394/693,
57%) remained within the original category, but with differ-
ent sub-codes.

Table 1 compares the original and revised categories for
all recoded crashes. The revised coding includes three DCA
categories™* (Adjacent, Opposing and Same direction), that

1 Police text narratives for crashes were not available in digitised format prior to April 2013.

2 Figure B7 (Austroads, 2015)

Journal of Road Safety

44


https://journalofroadsafety.org/article/125495-a-review-of-the-accuracy-of-crash-coding-when-applied-to-motorcycle-crashes/attachment/252552.png?auth_token=RuAz25wkgRdc2e7-lX4C
http://google.com.au/maps/place
http://google.com/earth/
http://google.com/earth/

A Review of the Accuracy of Crash Coding When Applied to Motorcycle Crashes

had not been used in the original coding. Most of the cases
recoded to these three categories had originally been clas-
sified as single vehicle crashes, despite the presence of an-
other vehicle being identified in the police narrative. They
included crashes that had been originally coded as: ‘Off
path on curve’ (n=36); ‘Off path on straight’ (n=74) and ‘On
path’ (n=4).

The limitations of the reliance on last movement in the
coding system are evident in those crashes where the clas-
sification excluded events that occurred prior to the last
movement before the crash. The suspension of the last
movement protocol resulted in the crash category being
changed in 59 percent of all crashes (n=878/1479) and sub-
codes changed for 47 percent (n=689/1479) including 43
percent where both were changed (n=299/689).

The 59 percent of crashes recoded to other DCA cat-
egories, included 102 (originally classified) single vehicle
crashes, being reclassified as multi-vehicle due to another
vehicle having played a significant role. Table 2 shows the
original DCA category for the revised crashes whose cat-
egory and sub-codes changed. These recoded crashes in-
cluded: Same direction (n=38), subcode ‘Rear end’ (n=25/
38); Manoeuvring (n=30), subcode ‘Emerging from drive-
way’ (n=8/30), Opposing directions (n=24), subcode ‘Head
on (not overtaking)’ (n=16/24).

Table 3 shows the crashes where the original crash cate-
gory was correct but the most appropriate subcodes had not
been applied, presumably due to the last movement proto-
col.

Table 4 shows the distribution of crashes by injury sever-
ity comparing the relative proportions of those crashes that
were or were not recoded. The coding for 76 percent of
fatal crashes and 70 percent of property damage only (PDO)
crashes, did not require revision, whereas over half of those
involving serious (53%) or minor injury (55%) were recoded.

Table 5 shows the key vehicle status in the ten most fre-
quent crash types that were recoded. The motorcycle was
the key vehicle in 74 percent of all rear end crashes includ-
ing 25 cases reclassified from single vehicle ‘off path’ where
the rider crashed while avoiding the rear of another vehicle.
The other driver was in the key vehicle in almost all of the
single vehicle crashes (n=15/16), reclassified as ‘Head-on
(not overtaking)’ where the motorcycle rider crashed while
avoiding another vehicle that was on the wrong side of the
road.

Discussion

An important feature of the study method was the decision
to incorporate any precipitating events, which occurred
prior to last vehicle movement, into the coding of crashes.
Such events would not normally be included under current
crash coding practice. The results demonstrate the rele-
vance of such pre-crash events and their importance in
accurately capturing the factors leading to motorcycle
crashes.

The key finding is that using the last vehicle movement
before the first crash impact, as the basis for classifying mo-
torcycle crashes, is inappropriate and misleading due to the

different crash kinematics of one and two track vehicles.
Motorcycles are more manoeuvrable but less stable than
the two track vehicles for which the coding system was de-
vised. In particular, motorcycles are more likely to overturn
or skid when making sudden changes of direction or hard
braking such as to avoid a collision (Kovacsova et al., 2020).
Focusing on the final movement fails to account for prior
events that may have caused the motorcycle rider’s loss of
control. It explains why coders appeared to ignore the evi-
dence from the police narratives which, when included, re-
sulted in almost half of all motorcycle crashes being reclas-
sified.

This review has identified a serious flaw in the DCA crash
coding system when applied to motorcycle crashes, which
is the systemic exclusion of critical information that is es-
sential to the development of targeted countermeasures. In
particular, the system has been shown to exclude subcodes
that represent factors, such as road surface conditions, that
have been identified as significant risk factors for motorcy-
cles (Milling et al., 2016; Rowden et al., 2008; Sun et al.,
2020; Wu et al., 2018). In effect, current coding practice
creates a picture of motorcycle crash causes that often ex-
clude road related factors. This inadvertently distorts un-
derstanding of crash causes, placing more responsibility on
rider behaviour and less on other road users and those re-
sponsible for the safety of road infrastructure. By minimis-
ing the importance of road conditions this also undermines
arguments about the need to make roads safer for motorcy-
cles.

The primary purpose of a crash coding system is to make
more effective use of the data. The objectives are to stan-
dardise definitions and to facilitate understanding of char-
acteristic patterns to support analysis for the development
of countermeasures (Andreassen, 1983). Characteristic pat-
terns are identified by standardising and combining the dif-
ferent elements of crash type, collision diagrams and con-
tributing factors (Andreassen, 1983; Montella et al., 2013).
Whereas all details from police reports are recorded and
available from road authority databases, these comprise a
far greater volume of separate variables and present a sig-
nificant challenge for analysts to independently search for
patterns. There may also be less incentive to explore raw
data given the apparent lack of new patterns emerging for
motorcycle crashes identified over decades by the current
coding practice.

The outcome of this review suggests an urgent need to
review current crash coding practice to better leverage data
for the identification of targeted countermeasures for mo-
torcycle crashes. More accurate data are critical to the de-
velopment of a Safe System, particularly in relation to in-
frastructure design and maintenance, which have become
contentious issues in the motorcycle safety debate (OECD/
ITF, 2015; VTI, 2021; WHO, 2022).

While some modifications to the current DCA system
are recommended, major change may not be necessary. The
focus on last movement before the first impact must be
abandoned, at least for motorcycle crashes, and additional
motorcycle specific subcodes should be included. Others,
concerned about pedestrian crashes, have suggested that
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Table 1. Distribution of crashes recoded from original DCA to DCA-R based on details from police reports 2013-2016 (n=693/1479)

Original DCA Category Total N

Revised DCA Category (DCA- Manoeuvring Off Path on Off Path on On Overtaking Passenger & Pedestrian Col %
R) curve straight Path Misc.

Manoeuvring 5* 3 21 1 - - - 30 4.3
Off path on curve 4 326* 22 2 - - - 354 51.0
Off Path on straight 4 66 43* 5 - - - 118 17.0
On-Path 4 21 47 11* - 1 - 84 12.0
Over taking - 6 - 12* - - 20 2.9
Passenger & Miscellaneous 1 3 - - 2* - 1.2
Pedestrians - - 1 1 - - 1* 3 0.4
Adjacent directions ** 7 6 - - - - 13 1.9
Opposing directions** 1 17 5 1 - 1 - 24 3.5
Same direction** 1 5 32 1 - - - 39 5.6
All revised crashes 20 449 186 22 12 3 1 693 100

*Indicates cases in the correct category but recoded to sub-codes within the original DCA category (n=394)
**Indicates categories not applied in the original coding
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Table 2. Crashes recoded to different DCA category with associated subcodes (n=296)

Original_DCA Category

Count of Crashid Manoeuvring Off Path on Curve n=123 Off Path on straight On Path Passenger & miscellaneous Total
DCADesc n=20 n=142 n=10 n=1 N=296

Adjacent directions (n=13)

110 - Cross Traffic - - 2 - -
111-Right Far - 3
112- Left Far - 1 - - -
113- Right Near - -
116- Left Near - 2
119- Other Adjacent at Intersection - 1 - - -

=
'
'

N -
'
'
R S N N S (S )

Opposing directions (n=24)

120- Head on (not overtaking) 1 13 2 - - 16
121- Right-through - 1 3 - - 4
123- Right-right - 1 - - -

129- Other Opposing direction - 2 - 1 - 3
Same direction (n=38)

130- Rear end - 3 22 - - 25
132- Rear right - 1

134- Lane change right - - 3 - -
135- Lane change left - - 6

136- Right turn side swipe - 1 - - -
137- Left turn side swipe 1 - - - -

'
'
, RN WN

Manoeuvring (n=30)
140- U-turn - - 3 - -
142- Leaving parking

'
'
'
w » M W

1
143- Entering parking 1 - - - -
147- Emerging from driveway 3
149- Other Manoeuvring - 2 12 - - 14
Overtaking (n=8)
151- Out of control - 2 4 - -
152- Pulling out - - 2 - _
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Original_DCA Category

Count of Crashid Manoeuvring Off Path on Curve n=123 Off Path on straight On Path Passenger & miscellaneous Total
DCADesc n=20 n=142 n=10 n=1 N=296
On Path (n=74)

160- Parked 1 - - 1 - 2
161- Double parked - - 1 - - 1
164- Permanent obstruction 1 - 1 - - 2
165- Temporary roadworks - 5 3 - - 8
166- Struck object 2 9 22 - 1 34
167- Struck animal (not ridden) - 7 11 - - 18
169- Other On Path - - 9 - - 9
Off path on straight (n=76)

170- Off carriageway to left - 1 1 - - 2
171- Left off carriageway into object - 5 - 1 - 6
172- Off carriageway to right - 3 - - - 3
173- Right off carriageway into object - 2 - 3 - 5
174- Out of control on carriageway 4 52 - - 57
179- Other Off Path Straight - 3 - - - 3
Off path on curve (n=27)

180- Off carriageway right bend - - 6 - - 6
181- Off carriageway on right bend into object 3 - 2 - 5
182- Off carriageway left bend - - 6 - - 6
183- Off carriageway on left bend into object - - 2 1 - 3
184- Out of control on carriageway 1 - 5 1 - 7
Passenger and miscellaneous (n=6)

190- Fell in/from vehicle - 1 2 - - 3
191- Load or missile struck vehicle - - - -

193- Struck railway crossing furniture 1 1 - - - 2
Total 20 123 142 10 1 296
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Table 3. Crashes correctly coded under the original DCA category whose subcodes were revised to include
contributing factors and other relevant information not included in original coding (n=391)

DCA-R Categories with revised Subcodes Original DCA Category Total
Off Path on Off Path on On Overtaking
curve straight Path
Overtaking (n=12)
151- Out of control - - - 5
152- Pulling out - - -
153- Cuttingin - - - 2
On Path (n=11)
160- Parked - - 1 - 1
164- Permanent obstruction - - 1 - 1
165- Temporary roadworks - - 1 - 1
166- Struck object - - 1 - 1
167- Struck animal (not ridden) - - 7 - 7
Off Path on straight (n=43)
170- Off carriageway to left - 7 - - 7
171- Left off carriageway into object - 8 - - 8
172- Off carriageway to right - 2 - - 2
173- Right off carriageway into object - 1 - - 1
174- Out of control on carriageway - 23 - - 23
175- Off end of road or T intersection - 1 - - 1
Off path on curve (n=326)
180- Off carriageway right bend 95 - - - 95
181- Off carriageway on right bend into 40 - - - 40
object
182- Off carriageway left bend 129 - - - 129
183- Off carriageway on left bend into 26 - - - 26
object
184- Out of control on carriageway 36 - - - 36
Total crashes 326 42 11 12 391
Table 4. Distribution of crashes by injury severity that had required recoding (n=1,479)
DCA Revised Fatal Serious injury Minor injury First aid only dapr:;g:':zly Total
Yes 6 24% 144 53% 353 55% 86 44% 104 30% 693 47%
No 19 76% 128 47% 292 45% 110 56% 237 70% 786 53%
All crashes 25 272 645 196 341 1479

focusing on the movements of both types of road users
together with current DCA codes, instead of only on col-
lisions, could provide greater insights to inform targeted
countermeasures (Afroza et al., 2022).

There are some additional sub-codes specific to motor-
cycle crash factors provided in the NSW Road User Move-
ment (RUM) coding system, but not available in the DCA
coding used in Tasmania and Victoria (Austroads, 2015).
These include four subcodes for crashes off curves, allowing
for the direction of travel (left/right) and the direction of
the curve (left/right). This level of detail is meaningful
when investigating a motorcycle crash but may be of less
relevance to a car crash. Other motorcycle-specific crash

Journal of Road Safety

risk factors should also be added such as road surface con-
ditions including skid resistance, potholes and debris
(Milling et al., 2016; Vicroads, 2014). It should be noted
there are separate DCA codes provided for pedestrian and
bicycle crashes, but none for motorcycle crashes. However,
as for motorcycle crashes, the limitations created by the
last vehicle movement crash coding practice is likely to also
apply to these road users.

A limitation of the study method relates to the reclassi-
fication process being conducted by one person. However,
this is comparable to the situation for road authority coders
who also rely on police reports. The key difference in coding
outcomes was due to the suspension of the first movement
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Table 5. Key vehicle in 10 most frequent multi-vehicle crashes by revised DCA Category and sub-code Tasmania

2013-2016 (n=531)

DCA-R Key Vehicle Total
Other Driver Motorcyclist

110 Cross traffic 58 70% 25 30% 83 16%
113 Right Near 22 92% 2 8% 24 5%
120 Head on (not overtaking) 39 53% 34 47% 73 14%
121 Right-through 54 84% 10 16% 64 12%
130 Rear end 40 26% 112 74% 152 29%
132 Rear right 32% 19 68% 28 5%
139 Other Same direction 30% 16 70% 23 4%
140 U-turn 19 95% 1 5% 20 4%
147 Emerging from driveway 26 76% 8 24% 34 6%
152 Pulling out 12 40% 18 60% 30 6%
Total 286 54% 245 46% 531 100%

protocol for cases where prior contributing factors were
available, but which had been excluded by the first move-
ment protocol in the original coding. A further limitation to
our findings is that this study is based on the coding prac-
tice in one State, which may not reflect practice in other ju-
risdictions.

Finally, crashes where motorcycles crashed while avoid-
ing a crash with another vehicle, should be classified as
multi-vehicle crashes (Andreassen, 1983), with additional
subcodes for the precipitating event avoided (e.g., Rear end
(avoided) and Head-on (avoided)). It is essential that crash
type is correctly established with single and multi-vehicle
crashes modelled separately for motorcycles. It is only then
that the contributing factors and potential countermeasure
can be accurately identified (Geedipally & Lord, 2010; Jon-
sson et al., 2007; Montella et al., 2012; Savolainen & Man-
nering, 2007).

Conclusions

These findings provide compelling evidence that the crash
coding systems used in Australia do not accurately repre-
sent motorcycle crashes nor provide a sound basis for valid
analysis or reporting. The study has revealed systematic
bias in the coding of motorcycle crashes, which may mis-
lead efforts to develop appropriate countermeasures, par-
ticularly those relating to road infrastructure design and
maintenance.

Provided crash causes are accurately understood, there
are well established tools for identifying and addressing
road environments where motorcyclists are more or less
likely to misjudge or underestimate the potential hazards
present (Milling et al., 2016; MSAC, 2014; Vicroads, 2014).
Accordingly, it is recommended that:

» A working party of stakeholders be established to re-
view current crash coding practices with specific ref-
erence to the last vehicle movement and its appropri-
ateness to motorcyclists.

» Jurisdictions using coding systems based on the last
vehicle movement for classifying crashes (DCA and
RUM codes) to review their current coding practices
and the implications when applied to motorcycle
crashes.

» Coding of crash type for motorcycles to be based on
an assessment of the contributory movement of all
road users present, including other vehicles where no
crash impact occurred between the vehicles.

« New motorcycle specific subcodes be added to include
precipitating crash factors, to more accurately iden-
tify patterns of road user error and contributing fac-
tors from the road environment,such as those cur-
rently provided for pedestrian and cyclist crashes.

» Training in crash reporting and coding for police and
road authorities to be designed to raise awareness
and understanding of the contributing factors and
crash kinematics associated with different road user
groups.
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