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Abstract
Previous research into motorcycle safety has shown that novice riders, intoxicated
riders, and riders on road curves have the highest crash risks if exposure is kept
constant, and the highest risks of more-severe injuries when a crash occurs. Policereported casualty crashes (1990-1993) were analysed using univariate and multivariate
techniques to estimate the involvement of various factors in the crash risks of these
groups of riders compared with the crashes in the comparison groups of motorcyslists.
While the magnitude of the crash risk within these three groups could not be estimated
without appropriate exposure data, the results of this study do identify factors that
might lead to future road-safety measures. In all three high risk groups, riders at night
or during alcohol-times were overinvolved in crashes and more likely to be seriously
injured compared to control groups of riders. Each high risk group was also overrepresented in crashes involving loss of control of the motorcycle. These two factors
are suggested as possible areas for further investigation and, possibly, countermeasure
development.
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Executive Summary

Introduction
Following from Cameron (1992), this report presents analyses of data obtained from
Police-reported crashes involving motorcycles in Victoria for the period 1990-1993.
The purpose of the analyses was to attempt to identify factors which were overrepresented in casualty crashes in three groups of motorcyclists with high risks of
crash involvement or high risks of injury. A range of factors which may be related to
each group's high risk level was examined.
In his analysis of earlier crash data, Cameron (1992) demonstrated that novice riders,
intoxicated riders, and motorcyclists on curves had high frequencies of crash
involvement compared to suitable comparison groups (experienced riders, sober
riders, and motorcyclists on straight road lengths respectively). Previous research
cited in Cameron (1992) has shown that these groups have high risks of casualty-crash
involvement given equal road-use exposure. The same high-risk groups were used in
the present analyses, and seriously and fatally injured riders were compared with less
seriously injured riders in the analysis of factors related to high risk of severe injury.

Data Analysis
Data were analysed using both univariate and multivariate statistical techniques. The
factors involved in road crashes interact in complex ways, and simple statistical
techniques do not allow accurate conclusions to be drawn about the involvement of
various factors. Univariate techniques can be used as a guide for potentially useful
targets, but multivariate techniques are able to evaluate the contribution of factors
disentangled from the contributions of other factors.
The univariate analysis involved the use of contingency tables of target groups and
potentially-related environmental, rider, and crash factors. As an aid to interpreting
the large number of crosstabulations, data were also presented as odds ratios. An
odds ratio represents the rate of involvement as a relative quotient, allowing
conclusions about the likelihood of a particular type of rider (compared to the
comparison group) being involved in a crash under specific conditions.
The multivariate analysis involved the modelling of all factors simultaneously using a
logistic regression procedure. The number of interactions between factors in this
approach is potentially substantial, so limitations were placed on the analysis so
factors were included only if there was previous research supporting their inclusion, or
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if they were seen to be historically important, or if they had been shown to have some
importance in the univariate analyses.
The analysis was restricted to police-reported casualty crashes and it was not possible
to obtain exposure data to estimate the relative importance of these factors to crash
risk.

Novice Motorcyclists
Novice motorcyclists are defined here as riders with a motorcycle learner permit or a
probationary licence. As a result of changes to licencing procedures, novice drivers as
defined here are not all subject to the zero blood alcohol concentration limit or the
maximum engine-capacity limit imposed in general on inexperienced riders.
The results of the univariate analysis suggested that novice riders were overrepresented in crashes in rural cities and towns, in high alcohol hours, and on dark
streets with street lights. They were also over-represented in crashes if they were
female, although females only made up 6.2% of crash involved novice riders.
The multivariate analysis for novice riders confirmed the over-representation of
novices in rural city/town crashes, their over-representation in night-time crashes, and
confirmed the over-involvement of female novice riders.
This analysis also indicated that novice riders were over-represented in crashes
involving a collision with a fixed object and in high speed zone crashes involving a
fall without a collision.
Novice riders were under-represented in crashes in high speed zones on curves, and in
crashes in high speed zones at high alcohol times or in wet-road conditions. They
were also under-represented in the intoxicated group, possibly a result of the zeroBAC requirement which applies to the majority of this group.

Intoxicated

Motorcyclists

These analyses were based on riders with known blood alcohol concentrations (BAC),
and an intoxicated rider was defined as one having a BAC in excess of .05 g/100ml..
As only 30% of riders had known BACs, it was not possible to draw firm conclusions
about this factor.
The univariate analysis indicated that intoxicated riders were over-represented in
crashes on curves, at weekends, at high alcohol times, and in dark conditions. They
were over-represented in crashes involving colliding with a fixed object or hitting an
object off the carriageway.
The results of the multivariate analysis confirmed the above results, but also indicated
that intoxicated riders were over-represented in low speed zones in general and also in
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high speed zones in crashes on curves. Intoxicated riders were under-represented in
crashes if they were also novice riders, although the opposite was suggested for
novice riders involved in crashes between 10pm and 6am.

Motorcyclists on Curves
The decision to code a crash as occuring on a curve is made by the police when
completing the accident report form. The police attend about two thirds of casualtycrash scenes in Victoria. The rest are reported at a Police station by a participant.
The univariate analysis indicated that motorcyclists on curves were over-represented
in rural (not towns) crashes, high speed zones, crashes in summer, weekend crashes,
crashes in high alcohol times, night-time crashes, and crashes in dark conditions
without street lights. They were also over-represented in crashes involving collision
with a fixed object and crashes involving falling from the motorcycle. Riders on
curves were over-represented when intoxicated.
The multivariate analysis for motorcyclists on curves produced a very complicated
model, but largely confirmed the univariate results.
It also indicated that
motorcyclists on curves were over-represented for crashes in the dark with no street
lights but were under-represented in crashes in the dark with street lights and crashes
at dusk. Similarly, motorcyclists on curves were over-represented in crashes at night.
Male motorcyclists on curves and motorcyclists on curves high speed zones were both
over-represented in crashes in rural (not towns) conditions.

High Severity Group
The univariate analysis showed that high-severity crashes were over-represented in
rural (not towns) crashes, crashes in high speed zones, crashes on curves, weekend
crashes, crashes during high alcohol hours and at night, and crashes in the dark. They
were over-represented in crashes involving colliding with a fixed object or hitting an
object off the carriageway, and younger riders were over-represented in high-severity
crashes.
The multivariate analysis largely confirmed the univariate analysis, although the overrepresentation of high-severity crashes in crashes in rural (not towns) locations was
seen only in crashes in high speed zones. Intoxicated drivers were over-represented in
high-severity crashes on weekends.

Conclusions and Recommendations
The analyses of the accident involvement of novice riders, intoxicated riders, riders on
curves, and seriously injured riders show a pattern of factors that may point towards
new areas for the development of road safety measures for this group of road users.
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All these groups were over-represented in night-time crashes or crashes at alcohol
times. Alcohol times are a surrogate measure for alcohol involvement in crashes and
are mostly times at night. Crashes in the dark, similarly, are part of this pattern.
Alcohol times may reflect either crashes that involve alcohol or, alternatively, crashes
that reflect the life-style related exposure of motorcyclists. However it is viewed, it is
clear from the data presented in this report that crashes at alcohol times or at night are
a serious problem for riders in these groups. Measures that reduce their exposure or
the influence of alcohol, if that is the problem, would be expected to be beneficial to
riders.
Each identified high risk group was also over-represented in crashes apparently
relating to motorcycle loss of control. Intoxicated riders were over-represented in
crashes involving curves, hitting fixed objects, and running off the road; motorcyclists
on curves were over-involved in crashes in high speed zones and crashes involving
hitting objects; and high severity crashes were over-represented in high speed zones,
rural crashes, and crashes on curves. These factors seem to represent problems
surrounding the loss of control of the motorcycle, and future countermeasures might
be appropriately targetted towards this area.

Vlll
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1. Introduction
The MUARC Accident Data Analysis Project (Cameron (1992» analysed Victorian police accident reports for 1984-1989 with the aim of defining target groups for countermeasures among
high risk groups of motorcyclists (Le novice, and intoxicated motorcyclists, along with motorcyclists on curves). The project also sought target groups among motorcyclists with high rates of
severe injury. The analysis identified both the size and degree of over-involvement of the target
group in each case, as the basis for deciding upon priority for countermeasures.
Since 1989, there have been substantial improvements in road trauma in Victoria across the whole
range of injury outcomes (fatalities, hospital admissions, and medical treatments). Although
motorcyclists have experienced reductions in their trauma, these have not been as proportionately
as high as other road user groups. It can be assumed that changes in the patterns of high risk
and high severity have been in part responsible for this reduction in motorcyclist road trauma;
similarly the fact that motorcyclists have not achieved the same gains in trauma as other road
user groups, might be a result of certain factors not having substantially altered in a contributory
sense in the last decade.
This project aimed to analyse police accident reports for 1990-93 in a similar fashion to that
employed on the 1984-89 data. For each of the high risk and high severity groups various
explanatory factors have been investigated-the size and degree of over-involvement of the respective target groups is of prime concern. These factors were investigated in both univariate and
multivariate analyses-in particular the multivariate analysis was seen as an appropriate vehicle
to identify the relevant target groups within each of the pre-defined high risk/severity groups.
The detection of the respective target groups will help decisions regarding new countermeasures.
The data analysed in this project were Police-reported motorcycle crashes from 1990 to 1993.
The police-reported Victorian motorcycle crash data was obtained from the State Traffic Accident
Record (STAR) database created by VicRoads from the Police reports. This database included
casualty crashes (any Police-reported crash in which at least one person sustained some level
of injury) only; this means that the data were truncated (Le. non-reporting of motorcyclist
crashes where no injury was sustained). Although this truncation leads to biased estimates of
involvement, it does not necessarily mean that the relative measure of over-involvement was also
biased.

1.1 Background to the Project
The study by Cameron (1992) was the basis for the current study. To understand the justification
for concentrating the analysis on specific target groups, it is necessary to provide the framework,
from which these strategies arose.
Cameron (1992) pointed out that countermeasure development is only possible if the chain of
events leading to traumatic injury on the road is properly understood; he proposed a conceptual
model of the road trauma chain: this chain is made up of entities, which can be humans, vehicles,
or road segments; these entities can each in turn be classified into groups of like elements to form
a countermeasure target.
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Figure 1.1: The Road Trauma Chain - Pre-Crash
Figure 1.1 shows the pre-crash part of the chain, with four different types of crash-involvement;
each of these types of crash-involvement are associated with probabilities or risks of one or more
of the steps. Exposure to risk is the term given to the existence or participation of an entity at a
starting point. The risk can be estimated by dividing the number of crash involvements by the
number of exposures, which is called the crash involvement rate.
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Figure 1.2: The Road Trauma Chain - Crash and Post-Crash
Figure 1.2 shows the various risks associated with steps after the crash has occurred. Crash
involvement is the starting point for injury risks and this event represents crash exposure to
injury risk. Injury risk is estimated by the injury rate, which is the number of persons injured
divided by the number of people involved in crashes. By looking at the starting point injury,
the risk here is associated with severe injury or death. The exposure to this risk is called injury
exposure; the exposure to severe injury, given a person is injured. The injury severity (A) is
estimated by the injury severity rate, which is defined as the number of persons severely injured
or killed divided by the number of persons injured in crashes.
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Countermeasures are measures which attempt to break the road trauma chain; a target group for
. a countermeasure is one of these afore-mentioned groups of entities for which the chain can be
broken effectively, cost-effectively, and desirably. The distinction between crash involvement
and crash severity is necessary as some countermeasures will only be able to address one of
these mechanisms; it does not follow that a target group for one of these two mechanisms will
necessarily be a good target group for the other mechanism.
Cameron (1992) identified some of the characteristics of target groups for countermeasures which
could increase the chances of a cost-effective countermeasure implementation. The target should:
• have a higher than average risk of either crash involvement and/or severe injury;
I. the countermeasure could reduce the risk of the target group to the average level.
2. the countermeasure could restrict the exposure of the target group to this risk.
• be sufficiently large and homogeneous to enable a single countermeasure to be applied to
the whole group, thus sharing the cost more widely (this may only require a lower level of
effectiveness per target group member than a countermeasure focus sing on a smaller group).
1. if the risk is not unusually high, the countermeasure would need to reduce the risk below
average to be cost-effective.
• both of the above conditions apply.
In selecting appropriate target groups for high risk some of the following criteria could be used
to measure high rates of accident involvement in relation to opportunities to be involved:
• involvement rates per exposure (kilometres travelled).
• involvement rates per population (drivers licensed, vehicles registered, population).
• over-involvement (compared with other groups) in an accident type with a known high risk
per exposure, which implies that either:
• that the target group has a relatively high level of exposure, or
• that the target group has a relatively high level of accident risk when exposed to the
specific circumstances, compared with other groups.
• high representation among the group involved in an accident type with a known high risk per
exposure.
The first two measures require disaggregated data on exposure and population, whereas the last
two can be calculated from crash data alone.
Similarly for groups with high rates of severe injury per accident involvement, suitable measures
are:
• severe injury rates per accident involvement.
• fatality rates per accident involvement.
• injury rates per involvement for particular severe injuries.
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Previous research (quoted in Cameron (1992)) has shown that, in terms of accident involvement,
the following groups of motorcyclists are generally at high risk: novice motorcyclists, motorcyclists on curves, and intoxicated motorcyclists. To establish over-representation of these groups,
suitable comparison groups need to be used, with the obvious ones being:
• Novices vs. fully licensed riders.
• Intoxicated vs sober riders.
• Motorcyclists in accidents on curves vs. motorcyclists in straight road accidents
In the case of high severity, the target group of motorcyclists with serious injuries can be
compared with motorcyclists sustaining non-serious injuries since the available data covers all
injured motorcyclists in Police-reported crashes.

1.2 Background to the Analysis
The analysis in this project was based around three different high risk target groups and one high
severity target group. The target groups were defined as follows:
• Novice motorcyclists:

all motorcyclists with either learner or probationary licences.

• Motorcyclists on curves: all motorcyclists involved in accidents on curved alignments.
• Intoxicated motorcyclists: all motorcyclists with known BAC levels> 0.05 gllOOml.
• High severity: all motorcyclists killed or seriously injured in an accident.
As suitable disaggregated exposure or population data was unavailable, the method of measuring
over-involvement in accidents (or high severity accidents) was the approach adopted in this
project. Over-representation was the term used for over-involvement in specific accident types;
in order to establish over-representation suitable comparison groups were required and were
defined as follows:
• Standard licence holders: all motorcyclists with standard licences.
• Motorcyclists
alignments.

on straight alignments:

• Sober motorcyclists:
g/lOOml.

all motorcyclists involved in accidents on straight

all motorcyclists with known BAC levels less than or equal to 0.05

• Low severity: all motorcyclists non-seriously injured in an accident.
As was mentioned previously, the data analysed in this project were Victorian Police-reported
motorcycle crashes from 1990 to 1993. Our data comprised 7539 cases of killed or injured
motorcyclists.Various sub-groups were sought within the pre-defined target groups that had overinvolvement in accidents relative to the comparison group-these sub-groups were characterised
by specific explanatory factors (the explanatory factors used in this project are defined in section
1.3).
It should be noted that the probationary period changed from 2 years to 3 years on 1 August 1990
which is 7 months after the commencement of the accident period on which this analysis was
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based. A probationary licence holder in Victoria is someone who has not yet completed 2 or 3
years licensed driving using any vehicle, not necessarily a motorcycle.
The data analysis comprised various components used to assess the effects of the various explanatory factors: descriptive analysis, graphical comparisons, and statistical tests. The analysis
was further divided into univariate and multivariate analysis. The univariate analysis looked at
individual explanatory factors separately, whereas the multivariate analysis attempted to model
the effects of the relevant explanatory factors simultaneously.
The univariate analysis had the disadvantage that many of the factors were highly confounded;
the univariate analysis was at best informative, but only the multivariate analysis can be regarded
as conclusive.

1.2.1 Univariate Analysis
In the univariate analysis, cross-tabulations of individual explanatory factors with the respective
target groups were calculated, along with the Chi-square test for interaction-this test indicated
whether the observed frequencies in the cross-tabulation, significantly differ from what would be
expected if no there was no relationship between the two variables. As there were numerous comparisons within each target group, it would have been invalid to test each individual interaction
with a nominal 5% level of significance. To control the level of significance ( a = 0.05 ) overall
within each high risk or high severity group, the significance level used for comparison with each
p-value of the Chi-square value is the significance level chosen divided by the number of tests
employed (with 17 tests, the actual level used on each individual test is 0.05/17 = 0.00294); this
is called the Bonferroni correction (Fisher (1993».
The univariate analysis considered the 18 factors defined in section 1.3. As the proportions of
the various levels of each factor were dependent on each other (i.e. if the target group was
over-represented in one level, this meant that in another level it must be under-represented),
it was decided that the overall significance for interaction of the 2 x k table (where k refers to
the number of levels of the explanatory variable in question) would be used as the criterion for
inclusion in detailed discussion. In each table, the contribution of each category (row) towards
the interaction term was determined to enable a better understanding of which actual categories
were causing a given interaction to be significant.
The percentages quoted in all of the univariate analysis are percentages within the target (or
comparison) group (i.e. a rate 23% for Novices, refers to 23% of Novices having the particular
characteristic). These percentages always referred to a percentage of injured motorcyclists, who
were the basis of the database. Furthermore odds ratios were also quoted which was another
way of representing the rates of involvement in a relative quotient; this is best explained with an
example:
If 14.7% of Novices have accidents in location Other rural, compared to only 10.4% of Standard
licence holders, the odds ratio for the target group Novices was
[0.147/(1 - 0.147)]/[0.104/(1

- 0.104)] = 1.48.

In other words, the odds of a novice motorcyclist crashing in an "other rural" location was
48% higher than that for motorcyclists holding standard licences.
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1.2.2 Multivariate Analysis
The aim of the multivariate analysis was to discover which of the major contributing factors
(or interactions thereof) actually leads to an over-representation of the target group in question.
As many of the factors analysed were highly confounded, the univariate analysis was unable
to disentangle the differential effects of particular high risk scenarios-the
fact that most high
speed zones occur in rural Victoria, and have a higher proportion of curved alignments, on which
motorcyclists are more likely to ride on weekends, is an example of this quandary.
The multivariate analysis modelled all factors simultaneously; this lead to a comprehensive
summary of the contribution of the various factors, with estimates of both the size and direction
of their effects. As the multitude of variables could lead to an excessive number of possible
interactions, it was decided to limit the number for inclusion, using a number of criteria:
• Previous Research. On the basis of the previous report (Cameron, 1992) relevant interactions
were chosen for each target group in turn, which were thought to be likely candidates for
inclusion in the multivariate models.
• Historical Perspective. This criteria led to the inclusion of interactions involving the most
obvious crash-related factors, such as the speed limit and alcohol involvement, which although possibly not significant in a univariate analysis, could have high explanatory value in
combination with some of the other major contributory factors.
• Univariate factors. As the variables selected in the stringent univariate approach were thought
to have some type of relationship to over-involvement in crashes (even if only in a surrogate
sense), it was decided to include a large number of the second-order interactions within those
variables, for inclusion in the multivariate selection process.
The multivariate model was estimated using the LR (logistic regression) procedure in BMDP
(Dixon, 1988). A comprehensive description of the modelling procedure is given in Appendix
8.2.

1.3 Explanatory variables
To streamline the analysis and avoid groupings that were too small, the explanatory variables
were defined as follows:
• Situational/Environmental

Factors

1. Location
1 = Melbourne; 2 = Rural cities/towns; 3 = Other rural [see Appendix 8.1]
2. Speed zone
1 = up to 75 km/h; 2 = over 75 km/h
3. Road alignment
1 = Curved road; 2 = Straight road
4. Road characteristic
1 = Divided road; 2 = Driveway or crossing; 3 = Other
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5. Traffic control
I = No control; 2 = Stop-go lights; 3 = Roundabout; 4 = Stop/Give way sign
6. Season of year
I = Summer (December-February); 2 = Autumn (March-May);
3 = Winter (June-August); 4 = Spring (September-November)
7. Day of the week
1 = Weekday; 2 = Weekend
8. Alcohol times
I = Low alcohol hours; 2 = High alcohol hours [Harrison, 1990]
9. Time of day
1 = 6am-lOam; 2 = lOam-2pm; 3 = 2pm-6pm; 4 = 6pm-lOpm; 5 = lOpm-6am
10. Light conditions
I = Daylight; 2 = Dawn/dusk; 3 = Dark street lights;
4 = Dark no street lights
11. Rain
1 = No rain; 2 = Raining
12. Road conditions
1 = Dry conditions; 2 = Wet conditions

• Motorcycle Rider Factors
1. Gender
1 = Female; 2 = Male
2. Age group
1 = 1-16 years; 2 = 17-20 years; 3 = 21-25 years; 4 = 26-40 years; 5 = 41-55 years;
6 = over 55 years
3. Licence type
1 = Standard licence; 2 = Novice rider
4. BAC level
1 = BAC up to 0.05; 2 = BAC > 0.05; 3 = BAC unknown

• Crash Factors
1. DCA codes
1 = Cross traffic; 2 = Right turn against; 3 = Rear end; 4 = Side swipe;
5 = Manoeuvring; 6 = Object on carriageway; 7 = Off carriageway, straight;
8 = Off carriageway, curve; 9 = Object off carriageway
2. Accident type
1 = Collision with vehicle; 2 = Collision with fixed object;
3 = (Fall from or in moving vehicle) + (No collision and no object struck);
4 = Other
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1.4 Brief descriptive overview
Table 1.1: Characteristics of the killed and injured motorcyclists analysed, along with the
relative sizes of the high risk/severity groups

Characteristic
0.8%
23.7%
5.5%
62.2%
75.3%
70.8%
10.8%
1.2%
4.6%
60.2%
29.1%
16.8%
83.2%
11.7%
26.2%
41.2%
23.5%
94.5%
0.0%
58.8%
Percentage

62
N3
4537
1788
413
4686
5680
1975
2191
811
6272
1264
349
878
5338
1768
91
7128
4436
3103

ume*
wn
nknown
cities/towns
rural
ce
own
rider
rd
licence
holder
own
Male
le
d>
0.05
alignment
g/100ml
up
to
0.05
g/lOOml
us
injury
speed
zone
(to
(> 75
75 km/hr)
km/hr)
ht
alignment
speed
zone
rious
injury

* Melbourne Statistical Division
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2. Novice Motorcyclists
The high risk group in this part of the analysis was Novice motorcyclist riders; this group was
defined as all motorcyclists with Licence status either Learner or Probationary. The comparison
group was called Standard licence Holders and includes all motorcyclists with standard Licences.

2.1 Univariate analysis
2.1.1 SituationallEnvironmental Factors
Of the twelve factors in this category, only Location, Speed zone, Alcohol times, Time of day,
and Light conditions had significant interactions with Licence type. Of these, the significant
Speed Zone interaction was mostly due to an under-representation of Novice motorcycle riders
in speed zones> 75 kmlhr with a rate of 19.8% compared to 25.5% for Standard licence holders.
Also the Accident type result was mainly due to an under-representation of Standard licence
holders in "Fall/No collision" type crashes.
Figure 2.1 shows the relevant over-representations of variables in this category, with Time of
Day being graphed separately in Figure 2.2.
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Figure 2.1: Crash involvement rates by Licence type: Categories of Situational/Environmental Factors with over-representation of Noviceriders
Location has a statistically significant effect on rates of crash-involvement: in Rural cities/towns
locations, Novices were over-represented with a rate of 14.7% compared to 10.4% of Standard
licence holders (odds ratio 1.48); in Melbourne the rates were very similar, while Other rural
showed a slightly higher rate for Standard licence holders .
..

,

Alcohol times showed Novices being over-represented with a rate of 42.5% in high alcohol hours,
compared to 38.4% for Standard licence holders (odds ratio 1.19).
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As far as Light conditions were concerned, the significant interaction was due to an overrepresentation of Novices (18.8%) in "Dark with street lights" crashes compared to 14.7% for
Standard licence holders (odds ratio 1.35). The same pattern was not observed for "Dark without
street lights" where the rates were 5.2% and 5.0% respectively.
Figure 2.2 shows the breakdown of crashes over various Time of day categories.

6am-10am
ClSTANDARD
.LNRlPROB
10am-2pm

35.6
2pm-6pm

35.1

6pm-10pm

10pm-6am

o

5

10

15
Percentage

20

30
25
Involved

35

40

0' Motorcyclists

Figure 2.2: Crash involvement rates by Licence type: Time of day categories
The Time of day breakdown showed a distinct pattern for Novices: relative to Standard licence holders, their representation increased as the day goes on, culminating in a distinct overrepresentation in the 6pm-6am categories; in particular the 6pm-lOpm category contributed
almost half of the significant interaction term-here the rates were 20.0% for Novices, and
16.0% for Standard licence holders (odds ratio 1.32).
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2.1.2 Rider/Crash Factors
Of the five factors in this category, Gender, Age group, and Accident type had significant
interactions with Licence type.
The Accident type result was mainly due to an under-representation of Novice riders in "PalllNo
collision" type crashes; this accounted for some 47% of the interaction. Apart from this, Novice
riders had a slightly higher rate for "Collisions with fixed objects" (7.6% compared to 6.2% (odds
ratio 1.26», as well as "Collisions with vehicles", where they had a rate of 61.7% compared to
57.3% for Standard licence holders (odds ratio 1.20).

_LNR/PROB
1_
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FEMALES
8.2

'.0

0.0

2.0

3.0
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Figure 2.3: Crash involvement rates by Licence type: Females
Gender showed a statistically significant effect on rates of crash-involvement, where Females
made up 6.2% of Novices, compared to 4.2% of Standard licence holders, which amounted to an
odds ratio of 1.52 (Figure 2.3).
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Figure 2.4: Crash involvement rates by Licence type: Age group categories
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Age group was also a factor which showed statistically significant different patterns of involvement for the various age groups (Figure 2.4); this was only of minor interest in this analysis as
most Novices were ~xpected to be in the younger age categories; however it showed that not all
Novices fall into the youngest categories. It should be noted the 4.9% of accidents involving
standard licence holders aged 20 are likely to have occurred between 1 Jan 1990 and 31 July
1990 because from 1 August 1990 the minimum age for a standard licence holder is 21 years.

2.2 Multivariate analysis
The multivariate logistic regression model was estimated using a stepwise selection procedure
with BMDP. The main factors and interactions were included according to the criteria mentioned
in the Introduction. The variable Age group could not be included in the model as it caused
estimation problems (parameter estimation did not converge); this was due to the large overlap
between the definition of the target group (Novices) and the age group variable.
Table 2.1: Significant main factors and interactions from the multivariate logistic regression model of the over-involvement of NOVICE MOTORCYCLISTS relative to Standard
licence holders.

0.70
1.00
-1.42
2393.8%
2.3%
0.74
0.80-1.02
1.12
0.52-1.34
0.58
-1.61
-0.937.8%
2.10
60.3%
2.6%
.7%
1.34
1.11
--1.48
2.16
1.95
.4%
62.4%
1.19
0.42
--1.089.9%
0.78
70.4%
26.4%
6.9%
0.60-0.98
3.5%
1.37
1.07
0.65
-0.89
2.00
219.9%
975.2%
.0%
13.6%
37.0%
.2%uplevels
0.90
1.09
1.54
1.13
1.22
-1.65
-1.69
Interval
1Factor
3.7%
4.7%
61.6%
6.2%
0.87
1.70
1.47
1.65
* (reference)
95%
Confidence
Ratio
1.00
0.57
0.84
0.510.81
0.77
1.36
1.26
1.44
0.65
Collision
with
Novice
6am-l0am
Motorcyclists
(reference)
Target
group
Female
Melbourne
(reference)
(reference)
BAC
to
0.05
vehicle
(reference)
Percentage
of
Total
Accident
type:
High speed zone!
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0.74
0.76
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Interval
0.45
-0.842.8%
95%
0.59-1.80
0.51-0.92
Confidence
Rural
cities/towns
Ratio·
14.0%
1.1%
Factor
levels
0.69
1.03
Novice
Motorcyclists
Percentage
of
Target
group
Location
High speed zone!

Odds
0.61

100.0%

* Odds ratio measures over-representation of novice motorcyclists described by the factor
level, relative to Standard licence holders with the same factor level.
As the univariate analysis showed, Rural cities/towns was a category that showed a definite
over-representation for Novices (odds ratio 1.44); Other rural also showed has a significant odds
ratio of 1.36.
The multivariate model showed an odds ratio of 0.65 for Males, which equates to an odds ratio
of 1.54 for Females-this showed clearly that Female Novices were over-represented, as was
indicated in the univariate analysis.
When considering Accident type, Collisions with fixed object was the one sub-group which
showed an odds ratio well above unity (1.47)-this again was a result which was shown to a
lesser degree in the univariate analysis.
In the multivariate analysis the case arises where both an interaction effect and one or other of the
main effects making up the interaction are included in the model. In this case the main effect (or
the dummy variable used to represent the various levels, in the case of more than two categories)
is the overall effect, while the interaction term represents any additional effects of particular
combinations of levels of variables relative to the respective main effects. With both main and
interaction effects in a model, the net effect of combinations of variables can be obtained by
multiplying the respective odds ratios together.
When in interaction with High speed zone, the Accident type category Fall/No collision had
an odds ratio of 1.54, which must be considered relative to the overall odds ratio of 0.77-this
results in a net odds ratio of 1.19. The Collision with fixed object category was slightly underrepresented in High speed zones (0.84) relative to the overall over-representation (odds ratio
1.47)-this amounted to a net odds ratio of 1.23 for this category in High speed zones.
Time of day showed particularly high odds ratios for the time zones between 6pm and 6am, 1.65
and 1.70 respectively-the afternoon (2pm-6pm) also had a slightly raised value of 1.26.
The interaction term High speed zone/On Curve was well below unity-this indicated that
Novices were under-represented in this combination; this may be accounted for by a reduced
exposure to this combination of factors.
In a similar way, Novices were under-represented for the combination of High speed zone with
High Alcohol times. Similarly the combination of High speed zone and Wet roads lead to an
under-representation of Novices.
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The analysis of BAC levels needs the inclusion of the BAC unknown category-otherwise it
would be necessary to forfeit some 70% of the data to include BAC level in the model. The
odds ratio of 0.57 for the BAC > 0.05 category suggests that Novice motorcyclists were underrepresented among crashes involving intoxicated motorcycle riders.

3. Intoxicated Motorcyclists
In this part of the analysis, the target group Intoxicated motorcyclists included all motorcyclists
with known BAC levels over 0.05 g/1OOml,whil~ the comparison group was those motorcyclists
with known BAC levels up to 0.05 g/100ml. Novice riders, by definition, are subject to a zero
BAC limit whereas standard licence holders have a legal limit of 0.05 g/lOOml.

3.1 Univariate analysis
One must stress that over 70% of all the 7539 injured motorcyclists investigated had unknown
BAC levels; this meant this part of the analysis was far less conclusive than the other three
analyses-due to the much smaller sample sizes, any difference between the target group (BAC
> 0.05) and the comparison group (BAC up to 0.05) needs to be much larger to achieve statistical
significance. This must be kept in mind when making conclusions about analysis results.

3.1.1 SituationallEnvironmental Factors
Of the twelve factors in this category, Road alignment, Day of the week, Alcohol times, Time
of day, and Light conditions had significant interactions with BAC levels. Traffic Control was
a borderline case almost being statistically significant-this
was mainly caused (72% of the
interaction) by an over-involvement of motorcyclists with HAC levels up to 0.05 having almost
double the rate of crashes at Stop/Give way signs 13.2%, compared to 6.8% for Intoxicated
motorcyclists (odds ratio 0.48).
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Figure 3.1 shows the relevant over-representations for motorcyclists with BAC levels over 0.05
of four of the variables in this category, with Time of Day being graphed separately in Figure 3.2.
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Figure 3.1: Crash involvement rates by HAC level: Categories of SituationallEnvironmental Factors with over-representation of Intoxicated Motorcyclists
The Road alignment interaction with BAC level was 80% explained by the marked difference
in the rates of crash involvement: for Intoxicated motorcyclists, 30.5% of their crashes were in
curves, whereas motorcyclists with BAC levels up to 0.05 had 17.1% of their crashes in curves
(odds ratio 2.12). On weekends there was a strong over-representation of motorcyclists with
BAC over 0.05 with a rate of crash involvement of 46% compared to 29.6% of motorcyclist
riders with BAC up to 0.05 (odds ratio 2.02).
Although the definition of Alcohol times correlates highly with the definition of this target group,
it is perhaps informative to mention the result for High alcohol times: motorcyclist riders with
BAC over 0.05 had almost double the rate of crash-involvement in these designated times with
88.4%, compared to 43.1 % of crashes of motorcyclist riders with BAC up to 0.05 (odds ratio
10.0). In terms of light conditions, the motorcyclists with BAC > 0.05 had almost three-fold
involvement in Darkness (irrespective of street lights) with 64.5% of their crashes under these
light conditions, compared to 23.4% for motorcyclists with BAC up to 0.05 (odds ratios of 3.25
(street lights) and 5.41 (no street lights»; Dawn/dusk figures were very comparable (5.7%, and
5.8%), while crashes during the day showed 29.8% for motorcyclists with BAC > 0.05 and and
70.9% for motorcyclists with BAC levels up to 0.05 (odds ratio 0.17).
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Figure 3.2: Crash involvement rates by HAC level: Categories of Time of day
The Time of day breakdown showed a distinct pattern in terms of BAC level: the rates of crashinvolvement for Intoxicated motorcyclists increased during the 24 hours from 6am, and was a
maximum between IOpm-6am with 42.2% of all crashes in this group. Also between 6pm-lOpm
the Intoxicated motorcyclists have a high over-involvement with a rate of 32.9% of crashes,
compared to the rate of 19.5% for motorcyclists with BAC levels up to 0.05 (odds ratio 2.02).

MONASH UNIVERSITY ACCIDENT REsEARCH CENTRE

"

16

11

3.1.2 Rider/Crash Factors
In this category, both DCA codes and Accident type had significant interactions with HAC level.
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Figure 3.3: Crash involvement rates by HAC level: Categories of Rider/Crash
with over-representation of Intoxicated riders

Factors

Of the DCA codes, half of the significant interaction was caused by the "Collisions with objects
off carriageway" where Intoxicated motorcyclists had a rate of 27.1 %, compared to 8.1 % of
motorcyclists with HAC levels up to 0.05 (odds ratio 4.21). In the Accident type category
"Collisions with fixed objects" was the main cause (61%) of the interaction-here the rates were
similar to those mentioned above with 30.3%, and 8.9% being the respective rates (odds ratio
4.45).
Of the other variables in this category, the rate for females showed an over-representation in the
HAC up to 0.05 group (3.5%) compared to 1.7% oflntoxicated motorcyclists (odds ratio 2.12);
this difference was not statistically significant. Also in the age groups, Intoxicated motorcyclists
showed an over-representation in the 26 to 40 year-old age group with a rate of 45.6%, compared
to 36.0% of motorcyclists with HAC levels up to 0.05 (odds ratio 1.49) in this age group-this
difference was also not statistically significant. The Intoxicated motorcyclists were slightly overrepresented in the standard licence holder group with 72.6% compared to 64.4% in the HAC <=
0.05 group, but this difference was not statistically significant.

3.2 Multivariate analysis
The multivariate logistic regression model was estimated using a stepwise selection procedure
with HMDP. The main factors and interactions were included according to the criteria mentioned
in the Introduction. The variable HAC level could not be included in the model as it caused
estimation problems (parameter estimation did not converge); this variable was the basis for the
definition of the dependent variable in this group.
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Table 3.1: Significant main factors and interactions from the multivariate
gression model ofthe over-involvement ofINTOXICATED
to motorcyclists with HAC levels up to 0.05 gllOOml.

MOTORCYCLISTS

Odds
2.05
2.73

Interval
Factor
levelsRatio*
0.17
0.22-19.8
-13.67.2%
3.6%
1.46
2.87
45.4%
1.47
1.12
1.32
-11.7039.8%
5.66
2.9%
29.7%
14.1%
73.9%
0.05
-17.10.4%
2.5%
4.0%
15.7%
4.16
2.94
0.76
0.68
1.43
-4.32
--7.68
-6.21
4.21
2385.9%
11.6%
4.9%
4.4%
0.03
72.7%
0.22
1.023.46
0.38
0.60-47.915.7%
2.10
1.51
1.65
-6.24
2.17
41.8%
0.73
3.20
1.22
1.00
0.57
0.20
0.32
0.31-2.60
--1.84
2.45
2.51
1.48
13.7%
24.1%
46.0%
5.2%
3.0%
.2%
4.82
0.90
2.98
1.69
1.81
7.3%
1.88
95%
0.22-0.65
Confidence
26.1%
0.88
5.35
0.510.820.28
-1.904.4%
2.59
3.23
18.9%
1.63
1.15
2.21-10.50
-1.575.6%
0.55
0.67
Low
alcohol
hours
(reference)
Target
group
6am-lOam
(reference)
Cross
traffic
(reference)
Standard
Daylight
(reference)
speed
zone
(reference)
Intoxicated
Motorcyclists
lOam-2pm
Percentage
of
Males
/ Weekend
Time of
day

logistic rerelative

100.0%

* Odds ratio measures over-representation of Intoxicated motorcyclists described by the
factor level, relative to motorcyclists with HAC up to 0.05 g/IOOml with the same factor
level.
In stark contrast to the univariate analysis, which showed absolutely no relationship between
Speed zone and HAC level, when all factors are included in a multivariate model, the High speed
zones showed an under-representation of Intoxicated motorcyclists with an odds ratio of 0.38 (or
conversely for Low speed zones a value of 2.67).
In terms of High alcohol hours, the odds ratio of 1.88 for Intoxicated Motorcyclists showed an
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expected over-representation. In terms of Light conditions, the three odds ratio showed that
intoxicated motorcyclists were more highly over-represented at Dawn/dusk than in the Dark
with street lights, even though the latter category showed an over-representation compared to
the reference category Daylight; the category Dark without street lights showed the highest
over-representation for Intoxicated motorcyclists (odds ratio 3.20) for this variable.
When DCA codes were considered, Object off Carriageway, and Off Carriageway-Straight were
the two categories that showed a distinct over-representation of Intoxicated Motorcyclists. To
a lesser degree Off Carriageway-Curve also seemed to show over-representation, although the
confidence interval in this case included unity (which somewhat lessens the argument in this
case). The variable Time of day showed Intoxicated motorcyclists to be over-represented in the
two night times, with 6pm-IOpm having an odds ratio of 2.94, while IOpm-6am has an odds ratio
of 4.16.
The interaction High speed zone/on Curves showed (with an odds ratio of 2.73) that Intoxicated
motorcyclists are highly over-represented in this combination offactors. Likewise the interaction
Gender/Day of the week showed that Intoxicated motorcyclists were over-represented in the subgroup Males riding on the Weekend (odds ratio 2.05).
As far as experience goes, Novices overall were highly under-represented in the Intoxicated
group (odds ratio 0.22); on the other hand when the Time of day for Novices was taken into
account, Intoxicated motorcyclists were highly over-represented in the Novice/l0pm-6am subgroup (odds ratio 5.35)-this equates to a net odds ratio of 1.18; after this the afternoon 2pm-6pm
had the next highest odds ratio for Novices (2.10). These results for the interaction Noviceffirne
of day must be treated with a good deal of caution, as the confidence intervals were extremely
wide (including unity).

4. Motorcyclists on Curves
In this part of the analysis, the target group Motorcyclists on curves included all motorcyclists
in the database who had accidents on curved alignments, while the comparison group was those
motorcyclists who had their accidents on straight alignments.

4.1 Univariate analysis
4.1.1 SituationallEnvironmental Factors
In due contrast to the other high risk/high severity groups in this project, the target group
of Motorcyclists on curves had statistically significant effects (interactions) with almost all
the factors in this category; only Rain and Road conditions showed no significant effects.
Of the factors which showed significant effects, the interaction with Road characteristic was
caused almost solely by an under-representation of Motorcyclists on curves in Divided Road
crashes (1.8%) compared to 12.5% for Motorcyclists on Straight alignments (odds ratio 0.13).
Furthermore the statistically significant result for the factor Traffic control, was also due to
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an under-representation of Motorcyclists on curves at Stop/Go lights and Stop/Give way signs
with rates of 1.4% and 1.3% compared to 10.3% and 13.6% respectively for the comparison
group Motorcyclists on Straight alignments (odds ratios of 0.12 and 0.19 respectively); the
other category in Traffic Control of note, was No Control, where Motorcyclists on curves were
over-represented by 95.8% compared to 71.3% (odds ratio 9.28)-this, along with the other two
afore-mentioned imbalances were more an expression of where Curved alignments occur, rather
than a particularly interesting insight.
Figure 4.1 shows the relevant over-representations
Day being graphed separately in Figure 4.2.
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Figure 4.1: Crash involvement rates by Road alignment: Categories of SituationallEnvironmental Factors with over-representation of Motorcyclists on curves
When Location was considered, Other rural showed a distinct over-involvement of Motorcyclists
on curves with 56.3% of their crashes in this category, compared to 20.1 % for the comparison
group (odds ratio 5.10). With speed zone, the result was also quite similar, with the High speed
zone category accounting for 56.5% of Motorcyclists on curves, with only 17.3% of motorcyclists
on straight alignments in this speed zone (odds ratio 6.23).
When the seasons of the year were analysed, Summer was the season that accounted for more
than half of the significant interaction, with an over-representation of Motorcyclists on curves
with a rate of 30.7%, compared to 24.2% for Straight alignments (odds ratio 1.38). In Winter the
opposite was the case with an under-representation of Motorcyclists on curves (17.8% compared
to 22.9% (odds ratio 0.73». The Day of the week just showed a significant effect, with an
over-representation for Motorcyclists on curves on Weekends of 35.4%, compared to 30.9% for
Straight alignments (odds ratio 1.23).
Alcohol times had a significant effect on road alignment-in
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on curves were over-represented with a rate of 47.9%, compared to 40.8% for Straight alignments
(odds ratio 1.34). Light conditions also showed a univariate effect on Road alignment, with the
category "Dark no street lights" making up some 58% of the interaction: Motorcyclists on curves
were over-represented in this category with a rate of 11.2%, compared to 4.5% for Straight
alignments (odds ratio 2.72).
Figure 4.2 shows the breakdown by Road alignment for various Time of day categories.
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Figure 4.2: Crash involvement rates by Road alignment: Time of day categories
The Time of day effect was mainly caused by the first two time categories: in the 6am-l Oam time,
Motorcyclists on curves were under-represented with 8.6% as opposed to 16.1% for motorcyclists
on Straight alignments (odds ratio 0.49); on the other hand the lOam-2pm time showed an overrepresentation of Motorcyclists on curves with 27.3% compared to 21.5% for motorcyclists on
Straight alignments (odds ratio 1.37). The other times showed only very minor differences
between the two Road alignment categories.

4.1.2 Rider/Crash Factors
Of the five factors in this category, BAC level, DCA codes, and Accident type had significant interactions with Road alignment. Gender showed Motorcyclists on curves were underrepresented amongst Females with a rate of 3.1%, compared to 4.9% for motorcyclists on Straight
alignments-this
difference was not significant (odds ratio 1.64). As far as Licence type was
concerned, Motorcyclists on curves were over-represented in the standard licence holder group
with 70.8%, compared to 66.8% for motorcyclists on Straight alignments-this difference was
not significant.
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Figure 4.3: Crash involvement rates by Road alignment: Categories of Rider/Crash
Factors with over-representation of Motorcyclists on curves
When HAC levels were considered, there was an over-representation of Motorcyclists on curves
with HAC> 0.05 (10.0% compared to 4.6% for motorcyclists on straight alignments (odds ratio
2.31). The significant interaction with DCA codes was caused primarily by the category "Off carriageway" with 47.3% occurring on Curves compared to 22.3% on Straight alignments. In terms
of Accident type Collisions with fixed objects showed an over-representation of Motorcyclists
on curves with a rate of 25.5%, compared to 4.4% for motorcyclists on Straight alignments (odds
ratio 7.4); Fal1/No collisions also showed an over-representation of Motorcyclists on curves with
a rate of 38.7%, compared to 19.7% for motorcyclists on Straight alignments (odds ratio 2.6).

4.2 Multivariate analysis
The multivariate logistic regression model was estimated using a stepwise selection procedure
with BMDP. The main factors and interactions were included according to the criteria mentioned
in the Introduction.
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Table 4.1: Significant main factors and interactions from the multivariate logistic regression
model ofthe over-involvement of MOTORCYCLISTS ON CURVES relative to motorcyclists
on Straight alignments.
0.25
-0.74
0.8%
0.81
1.74
0.7%
1.0%
0.26-0.5723.0%
0.16
--0.52
0.54
13.8%
7.2%
0.39
0.43
0.322.08
10.1%
2.0%
0.79
3.78
0.44-2.02
1.9%
1.00
21.7%
3.34
10.5%
0.3%
9.58
5.01
1.012.99
15.7%
14.3%
2.42
0.08
-0.38
0.29
0.52-1.2047.3%
2.14
6.67
Rural
cities/towns
Dawn/dusk
0.94
1.41-65.30
1.09
3.37
57.7%
1.92
4.50-7.5641.4%
1.391.75
1.52
1.20-4.86
2.96
3.72
3.55
36.7%
28.9%
9.3%
2.32
2.03
2.55
5.83
9.4%
0.35
0.79
4.1%
0.53
76.9%
-1.06
0.51
0.58
-0.97
0.33
-0.90
0.54
11.00
--7.51
22.60
22.7%
15.80
0.40-1.09
0.66
0.18
0.10-0.30
0.17
97.8%
1.5%
0.18
0.30
95.3%
0.17-3.30
1.89
5.19
55.4%
95%
Confidence
Interval
Ratio*
1.322.23
56.1%
0.5%
Factor
levels
0.611.37
68.6%
.6%Collision
1.72
37.3%
1.14-2.0944.6%
0.74
1.7%
3.13
0.92
1.55
6am-l0am
(reference)
Motorcyclists
on
Curves
fixed
object
with
vehicle
(ref.)
Driveway/crossing
Daylight
(reference)
No
control
Low
alcohol
hours
(ref.)
Target
group
Percentage
of
Melbourne
Divided
road
(reference)
Location:
Road
characteristic:
Accident
type:
Light conditions:

Odds
0.75 100.0%

* Odds ratio measures over-representation of motorcyclists on curves described
level, relative to motorcyclists on straight alignments with the same factor level.

by the factor
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0.82
1.08
0.45
-1.503.0%
2.18
0.43
-16.60
1.3%
21.0%
0.95
39.9%
2.05
1.53
Rural
0.40
--1.919.6%
0.90
0.6%Ratio
0.60
2.67
0.73
--4.423.8%
3.36
0.71
22.3%
2.8%
0.83
0.50
1.56
0.34-1.24
0.53
-1.38
24.5%
5.2%
0.52-1.02
0.35
-1.992.5%
0.73
0.65
0.85
Interval
* >cities/towns
BAC>0.05
0.88
Factor
levels
95%
Confidence
Motorcyclists
on Curves
BAC
0.05110am-2pm
Target
group
Percentage
of

100.0%
Odds

BAC level:

The variable Road characteristic had a high odds ratio for the category Other-this only showed
that this category was quite different than the reference level Divided road; similarly for Traffic
control, all the levels above showed odds ratios less than unity-in other words Motorcyclists on
curves were over-represented for the reference level of No control.
The variable Light conditions showed an interesting pattern; both the categories Dawn/dusk and
Dark with street lights showed an under-representation of Motorcyclists on curves relative to the
reference category Daylight, whereas for Dark with no street lights motorcyclists on curves were
highly over-represented, with an odds ratio of 1.92. Time of day showed over-involvement for
Motorcyclists on curves relative to the reference time of 6am-IOam; the IOpm-6am time was
most highly over-represented (odds ratio 2.42), followed by lOam-2pm (odds ratio 2.32). In High
speed zones, Motorcyclists on curves were highly over-represented in the Road characteristic
Driveway/Crossing with an odds ratio of 9.58, while the Other category, which includes mostly
roads without any specific road characteristic, has an odds ratio of 5.27, also well above the
reference level Divided road.
The variable Accident type showed a very high odds ratio for Collisions with fixed objects
(15.80), and also for the category Fall/No collisions (5.83). The interaction High speed zone
with Accident type gives the odds relative to the odds ratios for the main effect Accident type;
with the main effect Accident type in the model, the interaction of High speed zone with Collision
fixed object (odds ratio of 0.43) was relative to 16.30 (i.e. a net odds ratio of 7.01); similarly for
Fall/No collision, with an odds ratio of 0.40, relative to 6.02, resulted in a net odds ratio of 2.41.
The interaction High speed zone with Light conditions gives a completely different picture than
Light conditions, irrespective of Speed zone. Relative to the reference category Daylight, all the
other categories were relatively under-represented, in particular Dark without street lights. This
may be a reflection of the lack of exposure. The confidence intervals in the first two cases include
unity, which means that any conclusions must be made with caution.
In High speed zones, Motorcyclists on curves were over-represented in the location Rural
cities/towns with an odds ratio of 3.78; the value for Other rural (0.79) did not necessarily
differ from unity.
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When the interaction Gender by Location was considered, Male Motorcyclists on Curves were
over-represented in crashes in Other rural. Novices, on the other hand were under-represented in
High speed zone crashes on curves (odds ratio 0.74). The interaction of High speed zone and BAC
level showed that Intoxicated motorcyclists on curves in High speed zones were over-represented
(odds ratio 2.00). The interaction of BAC level and Time of day, showed an under-representation
of Intoxicated motorcyclists on curves between 2pm-6pm.

5. High Severity Group
In this part of the analysis, the mrget group High severity group included all motorcyclists in the
database whose injuries in accidents were classified as serious. The comparison group was those
motorcyclists whose injuries were classified as non-serious.

5.1 Univariate analysis
5.1.1 SituationaVEnvironmental

Factors

Most of the twelve factors in this category had significant interactions with the Severity of
motorcycle crashes. Road Conditions was an exception in this group of effects-in the Wet
Road conditions, the target group High severity was under-represented-with
17.1% of crashes
compared to 20.5% in the comparison group, Non-serious crashes.
Figure 5.1 shows the relevant over-representations of variables in this category, with Time of
Day being graphed separately in Figure 5.2.

ANALYSIS OF HIGH RISK AND HIGH SEVERITY GROUPS

25

OTHER RURAL

> 75 KM/HR

CURVED
ALIGNMENT
El NON-SERIOUS
_SERIOUS
WEEKEND

HIGH ALCOHOL
HOURS

47.3

DARK

0.0

10.0

20.0

50.0

40.0

30.0

Percentage of Motorcyclists

Involved

Figure 5.1: Crash involvement rates by Severity: Categories of Situational/Environmental Factors with over-representation of the High severity group
Location showed again a statistically significant effect on rates of crash-involvement: in Other
rural the high severity group was over-represented-30.2%
of the High severity group's crashes
compared to 23.4% of the Low severity group (odds ratio 1.41). The High speed zone was
also a category where the High severity group were over-represented-here
the rates of crashinvolvement were 28.3%, and 20.6% for the Low severity group (odds ratio 1.52).
Road alignment was also a contributing factor, when looked at in the univariate analysis. The
High severity group were over-represented on curves, with a rate of 21.9%, compared to only
13.2% for the low severity group (odds ratio 1.84). Weekends were again a factor, with the High
severity group being significantly over-represented with a rate of 33.8%, compared to 30.2% for
the comparison group (odds ratio 1.18).
High alcohol hours was also a statistically significant factor with the the High severity group
showing over-representation by 47.3% to 38.3% for the comparison group (odds ratio 1.44).
Light conditions showed Darkness (irrespective of street lights) leading to an over-representation
of the High severity group-the respective percentages were 26.1 %, compared to 20.0% for the
comparison group (odds ratio 1.41).
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Figure 5.2 shows the breakdown of crashes over various Time of day categories.
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Figure 5.2: Crash involvement rates by Severity: Time of day categories
The Time of day breakdown showed an over-representation of the High severity group in the
6pm-6am times with a rate of 31.7%, whereas the Low severity group had only 24.4% (odds ratio
1.44).

5.1.2 Rider/Crash Factors
Of the five factors in this category, Gender, Licence type, and BAC level were not statistically
significant. The BAC level may have not been statistically significant because there may be
an elevated risk of accident when the BAC is under 0.05 but positive (non-zero)-this would
then make the ratio smaller and less sensitive. Gender differences were attributable to an underrepresentation of Females in The High severity group-they make up 4.0% of all motorcyclists
in this group, as opposed to 5.1 % in Low severity crashes (odds ratio 0.76). The Novices were
slightly over-represented in the High severity group with 34.6%, compared to 31.2% in the Low
severity group; this difference was not statistically significant.

ANALYSIS OF HIGH RISK AND HIGH SEVERITY GROUPS

27

HIT OBJECT OFF
CARRIAGEWAY

I_SERIOUS
Cl NON-SERIOUS

I

COLLISION FIXED
OBJECT

12.3

0.0

2.0

4.0

Percentage

B.O

10.0

B.O

of Motorcyclists

12.0

14.0

Involved

Figure 5.3: Crash involvement rates by Severity: Categories of Rider/Crash
with over-representation of the High severity group

Factors

Both these categories represent more or less the same phenomena; in DCA codes, the most
important factor was the over-involvement of the High Severity group in the category "Objects
off carriageway" with a rate of 11.7% compared to 4.5% for the Low severity group (odds ratio
2.83); in the other case, Accident type, the category "Collisions with fixed objects" also showed
a distinct over-representation of the High severity group-in this case the rates were 12.3% and
4.9% respectively (odds ratio 2.72).
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Figure 5.4: Crash involvement rates by Severity: Age group categories
The variable Age group was also a factor which showed different patterns of involvement which
were statistically significant for the various age groups. In particular the young motorcyclists in
the categories up to and including 20 years were over-represented in High severity crashes-they
amounted to 27.0% of all crashes in this group, but only 22.4% in the Low severity group (odds
ratio 1.28); this difference accounted for almost half of the significant interaction effect.

5.2 Multivariate analysis
The multivariate logistic regression model was estimated using a stepwise selection procedure
with BMDP. The main factors and interactions were included according to the criteria mentioned
in the Introduction.
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Table 5.1: Significant main factors and interactions from the multivariate logistic regression model of the over-involvement of HIGH SEVERITY MOTORCYCLISTS relative to
motorcyclists in the Low severity group.
59.8%
65.1%
0.99
1.31
18.1%
79.5%
1.16
Factor
levels
55.6%
1.14
39.2%
1.03
329.2%
4.9%
0.64-0.91
11.1%
Ratio*
0.76
0.96
1.73
1.77
63.6%
0.70
1.11
1.39
1.52
61.5%
1.03(reference)
0.58
1.00
0.79
1.36
0.42-1.00
3.13
2.18
1.18
Low
Rural
21.5%
alcohol
cities/towns
hours1.00
1.42
1.97
44.4%
0.25
1.24
0.48
- Interval
0.70
91.1%
.4%
95%
Confidence
20.5%
1.00
1.67
0.22-0.28
BAC>0.05
54.0%
0.46
0.993.16
3.5%
0.88
0.39
--1.30
1.41
0.53
17.1%
.9%
1.11
Standard
Melbourne
(reference)
High
Severity
Motorcyclists
Target
group
Percentage
of
Collision
with
vehicle
BAC
up
to(reference)
0.05
(reference)
Straight
Location:
Rain
BAC level:

Odds
0.65

100.0%

* Odds ratio measures over-representation of high severity motorcyclists described by the
factor level, relative to motorcyclists in the low severity group with the same factor level.
Overall the Location categories Rural cities/towns and Other rural were marginally underrepresented in High severity crashes (odds ratios of 0.76, and 0.96). However when one considers
the sub-group High speed zone, these two categories were highly over-represented with odds
ratios of 1.77, and 1.73 respectively, relative to the main effects odds ratios (this equates to net
odds ratios of 1.35 and 1.66 respectively).
The High severity group were very slightly over-represented amongst Novices with an odds ratio
of 1.16. High alcohol hours also showed a relatively mild effect, with an over-representation of
the High severity group (odds ratio of 1.24). The variable Accident type showed that in FalllNo
collisions, the High severity group were under-represented; similarly the Other category relative
to the reference value of Collisions with other vehicles also showed an under-representation in
the High severity group.
In crashes on Curves, the High severity group was highly over-represented (odds ratio 1.67).
The BAC level showed little or no difference between Intoxicated, and the reference category
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HAC up to 0.05; the HAC unknown level showed a clear under-representation (odds ratio 0.25);
this may either be a reflection of the HAC levels in this group, or an artefact due to the other
characteristics of HAC measurement (Le. Location, Time of day, etc.).
The interaction High speed zone with Rain could be interpreted as motorcyclists driving more
carefully in the Rain at high speeds, or that possibly only particular motorcyclists (experienced)
ride under these conditions. When one considers the Weekends together with HAC levels,
we find that the High severity group were highly over-represented in crashes with HAC >
0.05 on weekends (odds ratio I.77)-this was relative to the odds ratio of 1.03 for Intoxicated
motorcyclists overall.

6. Conclusions
The analysis strategy we have employed in this study seems to have been a useful strategy to
achieve the aims of the study. All explanatory variables have been considered in their own right
(univariate), as well as in a combined sense (multivariate). The multivariate analyses in general
lead to reasonably understandable conclusions-only the high risk group Motorcyclists on curves
has a particularly complex array of explanatory variables influencing the outcome.

6.1 Novice Motorcyclists
The univariate analysis of the high risk group Novice motorcyclists showed that they were
over-represented, relative to Standard licence holders, in the following categories:
• Rural cities/towns
• Females
• Time of day: 6pm-6am
• High alcohol hours
• Dark with street lights
• 17 to 20 years of age
The multivariate analysis confirmed the over-representation in the categories Rural cities/towns,
Females, and the Time of day from 6pm-6am; even the time 2pm-6pm was slightly overrepresented. Intoxication of Novice motorcyclists does not appear to be a problem with a distinct
under-representation (odds ratio 0.57). When considering the interaction between High speed
zone and other variables for Novices, we find a few under-representations; the following is a list
of those interactions with their respective odds ratios:
• High speed zonelHigh alcohol hours (0.74)
• High speed zone/Collision with fixed object (0.84)
• High speed zone/On curve (0.76)
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When considering Accident type, Novices were over-represented in Collisions with fixed objects
(odds ratio 1.47) ; relatively speaking though less involved in these collisions in High speed zones
(odds ratio 0.84). Although they were under-represented in FalllNo collisions overall (odds ratio
0.77), in High Speed Zones they were over-represented for this category (odds ratio 1.54), which
results in a net odds ratio of 1.29.

6.2 Intoxicated Motorcyclists
The univariate analysis of the high risk group Intoxicated Motorcyclists showed that they were
over-represented, relative to Motorcyclists with BAC levels up to 0.05 g/100ml, in the following
categories:
• On Curves
• Weekends
• Time of day: 6pm-6am
• High alcohol hours
• Light conditions: dark
• Hit object off carriageway
• Collision with fixed object
The multivariate analysis confirmed the over-representation of Intoxicated motorcyclists in High
alcohol hours, Time of day: 6pm-6am, Light conditions, and the DCA code Object off carriageway as contributory factors; with Light conditions, the multivariate analysis showed Intoxicated motorcyclists to be more over-represented at Dawn/dusk than in the category Dark
with street lights, in contrast to the univariate analysis, where both the Dark categories showed
over-representations.
Furthermore Intoxicated motorcyclists were overall under-represented in High speed zones (odds
ratio 0.38), but on curves in High speed zones relatively highly over-represented (2.73) (net odds
ratio of 1.03). The DCA code "Off carriageway, Straight" also showed over-representation of
Intoxicated motorcyclists (odds ratio 2.98). Males on weekends were highly over-represented in
this high risk group (odds ratio 2.05), while in general Novices were highly under-represented
(0.22); Novices have a very distinct Time of day effect, and were highly over-represented in the
Intoxicated group between 10pm-6am, with an odds ratio of 5.35.

6.3 Motorcyclists on Curves
The univariate analysis of the high risk group Motorcyclists on curves showed that they were
over-represented, relative to Motorcyclists on straight alignments, in the following categories:
• Other rural
• High speed zones
• Summer
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• Weekends
• High alcohol hours
• Light conditions: Dark no street lights
• No traffic control
• Time of day: lOpm-6am
• Intoxicated
• Collision with fixed object
• Fall/No collision
The multivariate analysis was a very complex model, which has to be considered with extreme
care-one over-riding factor was High speed zone, which appeared in 6 different interactions.
The Light condition category Dark without street lights showed a high over-representation of
Motorcyclists on curves with an odds ratio of 1.92-relatively in High speed zones, this overrepresentation became an under-representation (odds ratio 0.29) (the net odds ratio was 0.56);
Relative to Daylight, the Light conditions Dawn/dusk, and Dark with street lights were underrepresented-this was more the case in High speed zones.
The Time of day doesn't seem to have a classical day-night dichotomy as one saw in other High
Risk/High severity groups, with all categories from lOam-6am showing over-representations of
Motorcyclists on curves. In terms of Accident type, Motorcyclists on curves were very highly
over-represented in the categories Collisions with fixed objects (odds ratio 15.80), and FalllNo
Collisions (odds ratio 5.83)-this over-representation was not as pronounced in High speed zones
though as overall.
High speed zones in Rural cities/towns showed a high over-representation of Motorcyclists on
curves with an odds ratio of 3.78. The combination of Intoxication and High speed zone was
also highly over-represented with an odds ratio of 2.05; even though the confidence intervals
were very wide, the highest odds ratio for Time of day was between lOpm-6am for the sub-group
Intoxicated motorcyclists on curves. In High speed zones, Novices were under-represented in
crashes on curves. Another High speed zone interaction was that with Road characteristic; the
Driveway/Crossing category showed Motorcyclists on curves to be highly over-represented with
an odds ratio of 9.58-this was relative to a slight under-representation overall of 0.74.

6.4 High Severity
The univariate analysis of the High severity group showed that they were over-represented,
relative to the Low severity comparison group, in the following categories:
• Other rural
• High speed zones
• On Curves
• Weekend
• High alcohol hours
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• Light conditions: Dark
• Time of day: 6pm-6am
• Age group: up to 20 years
• Hit object off carriageway
• Collision with fixed object
The multivariate analysis uncovered the least complex model in all these analyses. The following
main factors showed over-representations of the High severity group, with their respective odds
ratios in brackets:
• Novices (1.16)
• High alcohol hours (1.24)
• On Curves (1.67)
Location in combination with High speed zones showed that the High severity group was overrepresented in both Rural cities/towns and Other rural with combined odds ratios of 1.35 and
1.66 respectively (these are the product of the main effect multiplied by the interaction term).
Although there was little difference between BAC levels up to 0.05 and BAC levels> 0.05, the
HAC unknown category was certainly under-represented (odds ratio 0.25); on the other hand
HAC level> 0.05 on the weekend was quite a strong factor with an odds ratio of 1.77. As
far as Accident type was concerned (relative to Collisions with a vehicle), Collisions with a
fixed object had a slightly higher odds ratio (1.11), but with the confidence intervals including
unity, this should be treated with caution; however the category FalllNo Collision showed an
under-representation of the High severity group. The only other effect to be mentioned was the
under-representation of crashes in High speed zones while it was raining (odds ratio 0.65).
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8. Appendix
8.1 Location Classification
The classification of Location in this project was based on the rural/Remote Areas Classification
from the Department of Hurp.an Services and Health (1994). The advantage of using this
classification system was that it was based on both population numbers and density, for rural
areas.
In the original classification there were seven categories, based on SLAs (Statistical Local Areas);
these are areas defined by the Australian Bureau of Statistics (ABS). They are closely related to
Local Government Areas (LGAs) and often have the same name, and cover the same area (the
few exceptions are mentioned in the report). The SLAs are grouped into one of the following
groups:
1. Capital City
2. Other Major Urban
3. Rural Major
4. Rural Other
5. Remote Major
6. Remote Other
7. Other Offshore Areas
For our Location classification we grouped all LGAs less than 100 into Melbourne; the second
category Rural cities/towns was an amalgamation of the SLA groups Other Major Urban, Rural
Major, and Remote Major, with three exceptions: Ballarat, MiIdura, and Strathfieldsaye; these
three were divided into Parts across the categories Rural Major or Remote Major and Rural Other,
and thus were not suitable for our strict definition. This definition guarantees a population of at
least 10,000 as well as a population density of at least 30 per sq. km. The rest of the LGAs were
classified as Other rural.
The following list includes all those LGAs included in the Rural major category preceded by
their respective LGAs:
103.
104.
106.
107.
108.
110.
123.
205.

Bellarine
Colac
Corio
Geelong
Geelong West
Newton
Bellarine (City)
Hamilton

213.
216.
305.
406.
453.

Portland
Warmambool
Ballarat
Horsham
MiIdura

501. Bendigo
616. Shepparton
709. Wangaratta

711.
802.
808.
855.
856.

Wodonga (rural City)
Baimsdale
Sale
Moo
Morwell

860. Traralgon
862. Warragul
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8.2 Multivariate models
The method used for multivariate analysis, was to model group membership as our dependent
variable: this was done with a logistic regression, where a dummy (binary) variable was used to
denote the target group or comparison group (1=target group; O=comparison group).
The multivariate model was estimated using the LR (logistic regression) procedure in BMDP
(Dixon, 1988). A stepwise selection procedure was used: this allows inclusion and/or exclusion
of explanatory variables at any stage (step) in the model building process. There are two possible
ways of setting up the so-called design matrix in the model, where the design matrix refers to the
matrix of explanatory effects (terms): one of these is the deviation from means, which estimates
all effects relative to the overall average, and the other is the reference cell parameterization,
where effects are estimated relative to a reference (or anchor) level (Le. in the case of location,
Rural cities/towns and Other rural, are estimated relative to Melbourne). We decided that the
reference cell approach was the most appropriate.
In the case of categorical explanatory variables with k levels (where k > 2), k - 1 dummy
variables are created, with always the first level being used as a reference level. In the case of
interactions the parameterization is slightly more complicated, but can be best explained with
an example: considering the interaction between Speed zone and Location (Speed zone with 2
levels, and Location with 3), 2 dummy variables are created corresponding to the combinations
reference
(High speed zone + Rural cities/towns), and (High speed zone + Other rural)-the
level is the combination of all the other 4 combinations of levels of Speed zone and Location. It
must be noted that in the case of interactions, a decision on inclusion, or exclusion is made on
the overall contribution to the model, although an individual level may be insignificant.
The model leads to estimates of the odds ratio-this quantity is slightly different from the odds
ratio used in the univariate analysis. In the univariate analysis, the odds ratio used the odds of a
category relative to all other categories; in the multivariate analysis, the odds ratio used the odds
of a category relative to the reference category. As well as point estimates of the odds ratio,
95% confidence intervals are also given-these help interpret the size of the respective over- or
under-representation.
If the confidence intervals include unity (1.0), then one cannot be sure
that the actual value one has tried to estimate differs in fact from unity.
In the case where both main effects of a variable and interactions of that same variable occur,
then the interaction odds ratio is relative to the odds ratio for the main effect; thus to obtain an
overall effect, one has to multiply the two odds ratios together, to obtain a net odds ratio.
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8.3 Descriptive Overview of Motorcyclists and Crashes
This table provides a descriptive overview of the motorcyclists and crashes used in the
analyses in this report.

Characteristic
2.7%
206
10.8%
10.9%
22.9%
29.1%
5.8%
826
70.8%
16.8%
5.5%
1.2%
69.2%
9.5%
27.8%
30.8%
19.6%
2096
75.3%
0.8%
4.6%
1.7%
58.2%
0.7%
71.2%
60.2%
8.0%
5.6%
5364
1727
57
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