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EXECUTIVE SUMMARY 

This aim of this study was to evaluate the road safety benefits of fixed speed cameras in operation 
in Victoria in terms of their impact on crash frequency and severity. Fixed speed cameras in Victoria 
are operated on a number of freeways and toll roads across Victoria and encompass two specific 
types of technology: fixed spot speed cameras which measure the instantaneous speed of vehicles 
at the camera site and point to point cameras which measure average vehicle speeds across an 
extended length of road. Evaluation focused on camera installations on two roads; fixed spot speed 
cameras at 5 locations on the Geelong Rd (Princes Freeway) and the point to point speed camera 
system on the Hume Freeway covering the freeway from Epping to Broadford. These road sections 
were chosen for evaluation based on sufficient before and after installation crash history and being 
free from other confounding influences at the camera sites.  

The evaluation used a quasi-experimental design where the change in crash frequency at sites 
influenced by the cameras from before to after camera installation was corrected for corresponding 
changes at sites on the same road as the camera installation but outside of the hypothesised area 
of influence of the cameras. The comparison sites were chosen to reflect the influence of factors 
other than the camera at camera sites over the study period. Based on a review of the literature, 
the zone of influence around fixed spot speed camera sites was set at 1km either side of the camera 
site (which was verified through analysis of the data) and the entire road length between adjacent 
camera sites for the point to point camera system. Regression analysis was conducted to measure 
the net change in crash frequency and severity at camera sites from before to after camera 
installation after adjusting for changes at the comparison sites over the same period. Analysis also 
tested whether proportional crash effects estimated for fixed spot speed cameras were the same 
as those estimated for point to point cameras. 

Analysis results showed that the estimated proportional crash reduction effects associated with 
fixed spot cameras were statistically the same as those estimated for the point to point system. The 
only difference between spot speed cameras and the point to point system was the geographical 
area of influence over which associated crash reduction effects were estimated. For fixed spot 
speed cameras, measured crash effects were limited to within 1km either side of the camera site. 
For point to point cameras. Crash effects extended along the whole length of road enforced by the 
camera system and were not contained to the actual camera locations which were at each end of 
the enforced section. 

Evaluation results estimated a 27.7% statistically significant reduction (p=0.016) in all casualty 
crashes associated with fixed speed camera installations. A corresponding 30.2% reduction in fatal 
and serious injury crashes was estimated however, this was not statistically significantly different 
from the estimate for all casualty crashes combined suggesting the cameras are associated with 
uniform crash reduction effects across all crash severity levels. Absolute crash savings associated 
with the Hume Freeway point to point camera system were much greater than those estimated on 
the Geelong Rd spot speed camera network with annual estimated reductions of 21 and 6.8 casualty 
crashes respectively associated with the cameras. This reflects the greater crash population covered 
by the point to point system compared to spot speed cameras, with the Hume Freeway system 
covering nearly 80km of road across the four enforced sections. In contrast the Geelong Rd camera 
system effectively covers a total of 10km of road length across the 5 camera installations evaluated 
which represents about 20% of the total road length. Despite this, the Geelong Rd cameras appear 
to be well placed covering around 37% of the total crash population. 

Similarity between the camera sites evaluated and other sites of fixed speed camera installation in 
Victoria mean the evaluation results are likely to be representative of the proportionate road safety 
benefits achieved at other sites not evaluated. 
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1. BACKGROUND AND AIMS 

Safe speeds are a key element of the safe system. Appropriate speed limit setting critical to ensuring 
human tolerances to injury are not exceeded within the design parameters of the vehicle and 
roadway infrastructure elements of the safe system. Equally important is ensuring all road users 
comply with the speed limits dictated within the safe system design. Enforcement is a crucial 
strategic road safety activity for ensuring compliance with speed limits and hence ensuring the 
safety of the system. 

Automated enforcement on Victorian roads has been used in Victoria since 1983 with the 
introduction of the red light camera program at signalised intersections. Implementation of the 
mobile speed camera program in 1990 was the next major expansion of automated enforcement 
in Victoria. Further expansion of the program has included combined red light and speed cameras 
introduced from 2004 and fixed spot speed cameras on the freeway network introduced first in 
2000 on the Monash Freeway and CityLink. Early fixed freeway speed cameras measured speed at 
only a single site on the freeway. A more recent expansion of the technology has been the 
introduction of point-to point average speed camera systems where vehicles are monitored 
between cameras placed at either end of a road segment and their average speed on the segment 
calculated.  

The Monash University Accident Research Centre (MUARC) has completed a number of research 
projects evaluating the effectiveness different types of automated enforcement programs in 
Victoria. Evaluations have included red light intersection cameras (Kent et al, 1995), the mobile 
speed camera program (Cameron et al, 1992, Rogerson et al, 1994) and combined speed and red 
light cameras at intersections (Budd et al, 2011). To date, no evaluation of the road safety benefits 
of fixed speed cameras, either spot speed or point-to-point systems, in use in Victoria has been 
undertaken even though these technologies have been in use for some time. A limited number of 
interstate and overseas evaluations have considered the road safety benefits of fixed speed camera 
programs, for example the fixed spot speed camera program in New South Wales (ARRB, 2005). 
Whilst previous evaluations have given some indication of the road safety benefits of fixed speed 
cameras, often they have been used in different environments to those where the cameras are 
used in Victoria. Reflecting this, it is important to ascertain the road safety benefits of the fixed 
speed camera program in the Victorian context in order to guide future consideration on the road 
safety benefits that might be achieved through potential future expansion of the program. 

The aim of this study was to undertake an outcome evaluation of Victoria’s fixed freeway speed 
camera system. Specifically the evaluation aimed to measure:  

i. The effect on crash rate and severity of the fixed spot speed cameras in use on Victoria’s 

freeways, and 

ii. The effect on crash rate and severity of the point-to-point speed camera systems in use on 

Victoria’s freeways. 
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2 REVIEW OF EXISTING EVIDENCE ON FIXED SPEED 
CAMERAS AND THEIR EFFECTIVENESS 

2.1 FIXED SPOT SPEED CAMERA SYSTEMS  

Fixed speed cameras operate extensively in a number of jurisdictions in Australia and 
internationally. However there have been relatively few published evaluations of the crash effects 
of fixed speed cameras from which to glean information on likely effects. From those that are 
published it appears that fixed speed cameras are generally used as a black spot type treatment at 
locations where speeding has been identified as a primary driver of identified elevated crash risk 
(Cameron & Delaney, 2006; Wilson, Willis, Hendrikz, Le Brocque, & Bellamy, 2010). 

In Australia, evaluations of the fixed digital speed camera program in NSW (ARRB, 2005) and fixed 
speed cameras on tollways operated by CityLink in Victoria (Diamantopoulou and Corben, 2001) 
have been conducted. More recently as part of the Evaluation of the Queensland Camera Detected 
Offence Program, an analysis of the effects of fixed spot speed cameras on crashes in Queensland 
was undertaken (Newstead and Cameron, 2013). 

Internationally, there have been evaluations of the use of fixed speed cameras including the United 
Kingdom (Gains et al, 2003, 2005) and Norway (Elvik, 1997).  

2.1.2  Fixed Spot Speed Cameras in Victoria  

Fixed speed cameras were first introduced in Victoria on CityLink and the Monash Freeway in 2000. 
Since that time further fixed speed cameras have been positioned on other major freeways and 
highways in Victoria, however the operation of these cameras and their potential impact on crashes 
has not been evaluated in detail. Further, the effectiveness of the fixed speed cameras positioned 
on CityLink has been evaluated only in terms of the impact on vehicle speeds in the Domain tunnel 
(Diamantopoulou and Corben, 2001). The overall effect of the fixed-position speed cameras was to 
reduce the proportion of those drivers exceeding the speed limit and to reduce the average speed 
of vehicles in the tunnel. Average vehicle speeds fell from 75.05 km/h to 72.50 km/h. The 
proportion of drivers exceeding the 80 km/h speed limit fell by 66%. In addition, the proportion of 
drivers exceeding speeds of 90 and 110 km/h were also significantly reduced by 79% and 76% 
respectively. Previous research highlighting the relationship between speed and casualty crash risk 
reductions was used to infer the likely safety benefits associated with the measured speed 
reductions.  

2.1.2 Fixed Spot Speed Cameras in New South Wales 

The most relevant evaluation for the Australian context of fixed speed cameras is that of the NSW 

fixed speed camera program (ARRB, 2005).  

Fixed digital speed cameras were first introduced in NSW in 1997 in the Sydney Harbour Tunnel.  By 
2005, the fixed digital speed camera program had grown to include at least 111 cameras, all 
operating overtly with three signs advising of camera operations placed on approaches to speed 
camera locations.  Sites for fixed digital speed cameras are selected on the basis of crash rates, 
crash severity and travel speeds at the camera location and the digital technology used enables the 
cameras to operate up to 24 hours a days (RTA, 2006).     

An evaluation of the crash effects of the fixed digital speed camera program was conducted using 
a representative sample of 28 fixed digital speed camera sites (ARRB, 2005).  The study used a quasi-
experimental before and after, treatment and control design.  After the introduction of the initial 
28 overt fixed speed cameras in New South Wales, fatal crashes at camera sites were reduced by 



3 

 

89.9%, however the associated confidence limits were wide (22.1%-98.7%).  Nevertheless, the 
result was statistically significant and indicates that the fixed digital speed cameras did reduce the 
incidence of fatal crashes occurring on the speed camera road lengths with the best estimate of the 
reduction being 89.9%.   

2.1.3  Fixed Spot Speed Cameras in Queensland 

The Department of Transport and Main roads data indicates that there have been nine fixed spot 
speed cameras in operation in South East Queensland for some time. They are generally located on 
mid-block sections of major highways or motorways in or close to built-up areas. In addition, there 
are 5 digital fixed spot speed cameras on trial in the Brisbane metropolitan area and eight fixed 
spot speed cameras in operation in the Clem7 cross city tunnel in Brisbane. The Clem7 tunnel 
cameras have been in operation since the opening of the tunnel. Two digital spot speed cameras 
became operational on 2nd August 2011. The earliest implementation of a fixed spot speed cameras 
in Queensland was December 2007 with only three cameras operational before August 2009. 

As part of the Evaluation of the Queensland Camera Detected Offence Program (Newstead and 
Cameron, 2013 and Newstead et al, 2014), an analysis of the effects of fixed spot speed cameras 
on crashes in Queensland found an average estimated net 16.6% casualty crash reduction 
associated with the fixed spot speed camera sites.  It should be noted that this result was not 
statistically significant due to the limited quantities of data. Longer periods of after treatment crash 
data, most likely another 2-3 years, were estimated to be required to obtain statistically robust 
estimates of fixed spot speed camera crash effects, as will installation of additional spot speed 
camera sites in Queensland. 

2.1.4 Fixed Spot Speed Cameras in the United Kingdom 

Speed cameras were first introduced in the UK in 1992.  Currently, speed camera operations in the 
UK are predominately fixed rather than mobile, however, the exact number of speed cameras 
currently in use is unclear. Installations of the cameras in the U.K. occur in large numbers at 
relatively close proximity (within 0.5km).  Regardless of the type of speed camera in use, speed 
cameras must be operated overtly with strict regulation surrounding the visibility of camera sites.  
From April 2000, speed cameras and red-light cameras, collectively known as safety cameras, were 
operated under cost recovery partnerships enabling local authorities to recover enforcement costs 
through fine revenue.  The introduction of cost recovery partnerships enabled widespread, 
coordinated data collection and led to the regular evaluation of the safety camera program.  
Evaluation of the first four years of operation of the cost recovery partnerships including the impact 
of the safety camera program on both speeds and casualties at camera sites (Gains et al., 2005).  
The evaluation considered data from 38 participating partnerships that had been operational for at 
least one year at the time of the evaluation.    

Examining the program in terms of casualty effects, there was an estimated 42% reduction in the 
number of people killed or seriously injured (KSI) at the camera sites over and above that which 
might ordinarily be expected.  Further, casualty crashes (where at least one participant was at least 
slightly injured), were estimated to have fallen by 22%.  The above reductions in KSI crashes are 
possibly over-stated due to regression to the mean effects that resulted from the analysis method.  
Estimates of the extent of this effect (Maher and Mountain 2009) indicate that, whilst it does 
account for some of the estimated serious casualty reduction, safety cameras still result in 
substantial improvements in casualty frequencies.  Interestingly, the casualty and crash reductions 
estimated were greatest at fixed camera sites with somewhat lower reductions experienced at the 
mobile camera sites.   
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2.1.5 Fixed Spot Speed Cameras in Norway 

Automatic speed enforcement was first introduced in Norway in 1988 and is operated in an overt 
manner.  Photo radar units are mounted in roadside boxes and notification of their presence is by 
way of roadside signs on the enforced section of road.  The speed cameras do not operate at all 
times, however, it is not possible for a driver to determine whether a camera unit is in operation 
when approaching or passing it.  Since 1993 the selection of camera locations has been subject to 
three criteria relating to the crash rate, injury crash frequency per kilometre of road per year (crash 
density) and the mean speed at the enforcement site.  Not all operational speed camera sites meet 
these three criteria.  An evaluation of the effectiveness of this form of automated speed 
enforcement was completed by Elvik (1997).   

The evaluation considered 64 sections of road totalling 336.3 km in length.  Due to the lack of 
available speed data the results are presented primarily in terms of crash reductions attributed to 
the automated speed enforcement and speed reductions are not considered in detail.  Further the 
author was unable to determine those enforcement sites that met the criteria for selection on the 
basis of the mean speed at the site.  The principal result of the analysis was that across all 64 road 
sections there was a statistically significant 20 percent reduction in the number of injury crashes.  
More detailed analysis was also conducted on the basis of compliance of the road section with the 
criteria for selection as a speed camera location.  The results suggest that greater injury crash 
reductions are experienced at those speed camera sites meeting all the criteria for selection as a 
speed camera site (26%) than at crash sites not meeting the criteria for selection (5%).  That is, the 
greatest crash reductions were achieved at those sites experiencing higher crash frequencies and 
densities prior to the commencement of enforcement.   

Unfortunately, as noted by Elvik, no data was available concerning the frequency or duration of 
enforcement using these cameras.  However, it is clear that the cameras did not operate at all times.  
Therefore, it is not possible to directly estimate the effectiveness of this type of overt speed camera 
enforcement per unit area per hour of operation.   

2.1.6 Fixed Spot Speed Cameras in Other Jurisdictions 

A meta-analysis of the effects of fixed speed cameras on crashes was conducted by Hoye (2014).  

The meta-analysis consisted on 63 effect estimates from 15 speed camera studies.  The studies 

included in the meta-analysis of fixed speed camera evaluations related to jurisdictions in Australia, 

Norway, Belgium, United Kingdom, Sweden, USA, Spain, New Zealand and the Netherlands. 

Fixed speed cameras were found to reduce total crash numbers by about 20%.  The effect declines 

with increasing distance from the camera location.  Fatal crashes were found to be reduced by 51%- 

but this result may have been affected by regression to the mean (RTM). 

2.2 POINT TO POINT SPEED CAMERA SYSTEMS  

Point-to-point camera technology uses a number of cameras mounted at staged intervals along a 
particular route.  The cameras are able to measure the average speed between two points or the 
spot speed at an individual camera site.  In order to measure the average speed between two points 
the cameras must be linked to one another and the time clocks on both machines must be precisely 
synchronised. Alternatively, the images and times recorded by each camera must be matched by 
the vehicle identification plate and other features. The average speed is then determined by 
dividing the distance travelled by the time taken to travel between the two points.  The distance 
between two camera sites may vary from as low as 300 meters to up to tens of kilometres.  An 
enforcement threshold may also be implemented to allow for acceptable variations in driver speed 
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along the route.  Potentially, a lower enforcement threshold could be considered for the average 
speed measured by this technology than the spot speeds measured by mobile and fixed speed 
cameras. 

2.2.1 Point to Point Camera Systems in the United Kingdom 

There are few published evaluations of point-to-point camera systems. The most detailed of these 

is the evaluation the United Kingdom point-to-point system installed on Nottingham’s main link 

road from the M1 Motorway in July 2000 (Keenan, 2002). Two cameras were mounted along the 

enforced 40 mph road length approximately 0.5 kilometres apart. Compared with traditional wet-

film spot-speed fixed cameras, the study found that the spot-speed fixed cameras have a site-

specific effect whereas the point-to-point camera system has a link-long influence on drivers and 

their speeds, despite enforcement being visible only at the start and end of the enforced road 

length.  

Point-to-point speed camera systems measuring average speeds between two or more fixed 
cameras have the potential to produce a general effect well beyond the localised effect at overt 
fixed camera sites. They have been installed at a few sites as part of the comprehensively-evaluated 
UK Cost Recovery Program, but apart from information which can be gleaned from the detailed 
information in that program’s evaluation reports, there is little scientific evidence of their effects 
on road trauma. Gains et al (2003) indicated that the two 0.5 km apart point-to-point cameras in 
Nottingham produced 31% reduction in serious casualties (not statistically significant) which was 
not significantly different from the road trauma reduction from speed cameras of all types.  Keenan 
(2002) found 36% reduction in casualty crashes at the Nottingham site. 

In July 2005, the Scottish government launched a pilot scheme of point-to-point cameras on a 46 
km section of the A77 highway in the Strathclyde area. It is described as a complex route including 
single and dual carriageways with varying speed limits. The southern section is a winding and 
challenging coastal road in South West Scotland. The route had experienced 20 road deaths and 95 
serious injuries over the five-year period 2000-2004. Published descriptions of the system are 
unclear: apparently there are 14 camera sections, averaging 0.5 mile in length, between which the 
pairs of cameras are switched on periodically. The cameras are supported by around 50 safety 
camera warning signs with the message “average speed – speed cameras” and a camera symbol. 
The intention is to deter speeding along the full length of the route. However, the system does not 
appear to measure average speeds along contiguous sections of the route nor over the whole route. 
This may relate to the varying speed limit zones along the highway covered. 

A preliminary evaluation of the Strathclyde A77 system by Transport Scotland has found that there 

was a statistically significant 20% reduction in reported injury crashes (including fatal) during the 

first two years of operation on the route, compared with crash experience during the previous three 

years (A77SG, 2007).  After three years of operation, fatal and serious injury crashes were reduced 

by 29.3% and slight injury crashes were reduced by 15.6% (A77SG, 2008). 

2.2.2 Point to Point Cameras in Victoria  

Victoria launched a point-to-point speed camera system on the initial section of the Hume Freeway 
north of Melbourne on 5 April 2007 (DJCS, 2019). Four contiguous sections of lengths 8, 14, 7 and 
25 km are covered by five double-camera banks, one at the beginning and end of each section in 
each direction. Three traffic lanes are covered by each bank of cameras; one camera per lane (but 
not the emergency stopping lane, which is sometimes used by vehicles trying to avoid surveillance). 
Vehicle detectors in the road pavement trigger each camera imaging. Some camera banks have 
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cameras facing rearward, some facing forward, and some with cameras facing in both directions. 
The forward facing cameras are aimed at capturing truck prime-mover number plates, and 
rearward facing to capture motorcycle number plates. Over the four contiguous sections, the 
number plates of all types of vehicle are captured more than once, but not necessarily at the 
beginning and end of each section. 

Every vehicle passing a camera is digitally photographed, the image stored, the number plate is 
optically recorded on-site and the image transmitted to a central computer in Melbourne where 
they are then matched (where possible) with the registration plate image captured in the same way 
by a downstream camera. Following a successful match, if the calculated average speed exceeds 
the enforcement threshold (same as that used with spot-speed cameras), the two matched images 
are transmitted from the on-site camera systems and are referred to the infringement processing 
agency for manual verification. An infringement notice is issued in the same way as other camera-
detected speeding offences. Because of this form of operation, apparently there has been no 
constraint on the length of the section over which average speed is measured. 

The system used is the Redflex HDX system which comprises the cameras, image processing 
computers, transmission equipment and the central computer. Redflex hosts and maintains the 
central computer, but has no access to the registration numbers, images and other information 
protected for legal integrity reasons. Redflex also maintains the field cameras and supporting 
equipment. A type approval system is not used in Victoria, but the Redflex system has been 
subjected to an equivalent test and acceptance plan. The central computer has the capacity to 
handle more camera banks and the Department of Justice and Community Safety has extended the 
lengths of highway covered. The camera banks are capable of measuring spot speeds also, but this 
has not always been used in the Victorian systems. The system can measure average speed over 
any combination of the four contiguous sections; currently up to four separate assessments could 
be made, in which case the highest detected illegal speed is prosecuted if more than one offence is 
detected. 

The justification for installing the system on the Hume Freeway was a relatively high number of 
fatalities and serious injuries, and a high proportion of heavy vehicle traffic with the attendant 
potential for severe injury outcomes in crashes. Other supporting reasons were relatively few 
opportunities (or incentives) to enter or leave the highway between a pair of cameras, so that a 
substantial proportion of traffic has its average speed assessed. In Victoria, another current 
operational requirement is that the speed limit be fixed for the entire length of the section between 
pairs of cameras. It is understood that this requirement relates to the current absence of an 
“average speed offence” in the relevant legislation, which could be used to prosecute such an 
offence over multiple speed limit zones. Currently, the Victorian system is turned off during periods 
of lowered speed limits due to road works. 

About 1,000 offences per day are detected when the system is operational, suggesting an offence 
detection rate of 1-2% from an estimated 50,000 to 100,000 vehicles per day on the highway. This 
detection rate is similar to that for the covert mobile speed cameras in Victoria. The shorter sections 
have somewhat higher detection rates, perhaps because there are fewer benefits to speeders who 
try to avoid detection by stopping or leaving the highway. 

The Hume Highway point-to-point speed camera system appears to differ fundamentally from the 
Strathclyde A77 system in that it appears to be aimed at deterring speeding over long sections of 
highway (minimum 7 km) rather than relatively short sections (average 0.5 mile in Strathclyde). 
While the Strathclyde system also appears to be aimed at covering the full route, less than half of 
the route (even if allowing for a “halo” effect) is actually apparently enforced by their conspicuous 
high-mounted cameras. In a sense, the Strathclyde system may be viewed as a variation of the much 
more common, overt fixed speed cameras operating in the UK. While the “spot” at which the 



7 

 

average speed is measured is in fact about 0.5 mile in length, on average, the Strathclyde system 
apparently does not aim to average the speed over long sections of highway, unlike the Victorian 
system. The only constraint on the length of the Victorian sections appears to be the current 
legislative restriction to section lengths with a fixed speed limit throughout. 

A second point-to-point camera system became operational in Victorian in September 2016 on 
Peninsula Link south east of Melbourne (DJCS, 2019). The system consists of 18 cameras positioned 
at 6 locations along a 27km stretch of road between Carrum Downs and Mount Martha capturing 
traffic travelling in both directions. The system operates in both spot enforcement mode as well as 
enforcing average speed across sections. 

2.2.3 Point-To-Point Camera Systems in Other Jurisdictions  

A comprehensive review of Point-to-Point camera systems internationally has been carried out by 
Soole et al (2012, 2013), including a summary of estimated effects on crashes at various injury 
severity levels. Table 1 extracts the crash reductions measured for P2P systems covering relatively 
long road sections (usually involving multiple links each at least 2 km in length). The measured 
reductions for fatal, serious injury or minor injury crashes specifically have been averaged in the 
last row of Table 1. 

Table 1 Estimated reductions in fatal, serious injury and minor injury crashes due to major Point-
to-Point systems (Soole et al 2012, 2013). Average crash reduction across enforced sections. 

Jurisdiction Location Highway Length 
(km) 

Fatal 
crashes 

Serious 
injury 
crashes 

Minor 
injury 
crashes 

England Cambridgeshire A14  22.4 65.4%* 20.2% 

Scotland Strathclyde A77  51.5 50.0% 40.6% 19.3% 

Italy All ASPI motorways  2900 50.8% 34.8%  

Austria Vienna A22 tunnel 2.3 48.8%* 32.2% 

Average    50.4% 37.7% 23.9% 
* Available information covered reduction in fatal and serious injury crashes combined. Not included in average. 

 

Hoye (2014) conducted a meta-analysis of the estimated effects of point-to-point speed camera 
systems on crashes.  The meta-analysis was based on five effect estimates from four point-to-point 
studies.  The studies were evaluations of point-to-point speed camera systems in the United 
Kingdom, Italy, Scotland and Austria.  The meta-analysis found that P2P speed camera systems had 
a greater crash reducing effect than fixed spot speed cameras (30% for total crash numbers and 
56% for fatal and serious injury crashes). 
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3. EVALUATION DATA SOURCES 

3.1  FIXED SPOT SPEED CAMERA DATA 

Data were provided by the Department of Justice and Community Safety (DJCS) on the fixed spot 
speed camera program for Victoria. Data were provided for all five routes housing active fixed speed 
cameras, namely: 

• The CityLink Tunnels (Burnley and Domain),  

• EastLink including the tunnels, 

• Monash Freeway,  

• Western Ring Road, and  

• Princes Freeway West (Geelong Road) 

These routes contain 55 individual fixed camera sites. Data provided included the official names of 
the routes along with a verbal description of the location. Table 2 provides details of these locations. 
For example, it can be seen that that there are six fixed speed cameras, one in each direction of 
traffic, under the Forsyth, Point Wilson and Avalon bridges along Princes Freeway West.  

Data for each speed camera site included GPS coordinates, name of route, the section within the 
route containing the camera, verbal description of the camera location, and posted speed limit for 
each section. Table 3 presents all the categories of data provided for each site along with an 
example of typical data for one of the sites. In addition, for each fixed speed camera the date of 
installation as well as the dates when the cameras were turned off and turned on again were 
provided by DJCS. 
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Table 2 Routes with active fixed speed cameras 

 

Route Location

Burnley Tunnel Approximately 430 metres after tunnel entrance

Burnley Tunnel Approximately 2140 metres after the tunnel entrance

Domain Tunnel Approximately 725 metres after the tunnel entrance

Domain Tunnel Approximately 1195 metres after the tunnel entrance 

Mullum Mullum Tunnel approx. 600 metres prior to tunnel exit

EastLink Wellington Road Bridge

EastLink Dandenong Bypass Bridge

Melba Tunnel approx. 500 metres prior to tunnel exit

EastLink Wellington Road Bridge

EastLink Dandenong Bypass Bridge

West Gate Freeway Approximately 405 metres east of Millers Road

Princes Freeway Forsyth Road Bridge

Princes Freeway Point Wilson Road Bridge

Princes Freeway Avalon Road Bridge

Princes Freeway Point Wilson Road Bridge

Princes Freeway Avalon Road Bridge

Princes Freeway Forsyth Road Bridge

West Gate Freeway Grieve Parade Bridge

Hume Freeway (speed) 65 Metres South of O'Herns Road

Hume Freeway (speed) 60 Metres South of O'Herns Road

Hume Freeway (speed) 66 Metres South of Amaroo Road

Hume Freeway (speed) 65 Metres South of Amaroo Road

Hume Freeway (speed) Mount Fraser

Hume Freeway (speed) Mount Fraser

Hume Freeway (speed) Adjacent to Station Street

Hume Freeway (speed) Adjacent to Station Street

Hume Freeway (speed) 101 Metres South of Broadford-Flowerdale Road

Hume Freeway (speed) 109 Metres South of Broadford-Flowerdale Road

Monash Freeway Approximately 290 metres South of High Street

Monash Freeway Approximately 290 metres South of High Street

Monash Freeway Approximately 510 metres prior to High Street

Monash Freeway Approximately 510 metres prior to High Street

Monash Freeway Approximately 470 metres South of High Street

Monash Freeway Approximately 470 metres South of High Street

Peninsula Link Freeway (speed) Skye Road Bridge

Peninsula Link Freeway (speed) Skye Road Bridge

Peninsula Link Freeway (speed) Eramosa Road West Bridge

Peninsula Link Freeway (speed) Eramosa Road West Bridge

Peninsula Link Freeway (speed) Mornington-Tyabb Road Bridge

Peninsula Link Freeway (speed) Loders Road Bridge

Western Ring Road Approximately 600 metres West of Sydney Road

Western Ring Road Fullarton Road Bridge

Western Ring Road Approximately 560 metres North of Ballarat Road

Western Ring Road Boundary Road North Side Gantry

Western Ring Road Approximately 1600 metres West of Sydney Road

Western Ring Road Keilor Park Drive Bridge

Western Ring Road Approximately 650 metres South of Ballarat Road

Western Ring Road Boundary Road South Side Gantry



10 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

Table 3 Typical data available for each active camera site 

 

The next sections give a description of each camera installation along with consideration on is 
suitability to include in the evaluation study based on factors such as the date of installation relative 
to the opening of the installed road and available crash data period and the availability of suitable 
comparison sites for use in the evaluation design.  

3.1.1 City Link Domain and Burnley Tunnels  

The City Link Domain Tunnel was opened to traffic in April 2000, whilst the Burnley tunnel was 
opened to traffic in December 2000. 

Fixed cameras in the City Link Domain and Burnley tunnels were installed and operational at 
essentially the same time as the tunnel openings. Hence there was no or inadequate before 
installation crash experience making it impossible to measure the impact of the camera installation 
alone. In addition, a suitable comparison site for the tunnel crashes was not available since there 
were no similar tunnel sites without speed cameras that could be used as comparison sites.  

For these reasons the effects on crashes of the fixed speed cameras in the CityLink tunnels could 
not be analysed. 

3.1.2 East Link and the Mullum Mullum and Melba Tunnels  

EastLink is one of Melbourne’s two fully electronic tollways and comprises over 39 kilometres of 
freeway connecting the Eastern, Monash, Frankston and Peninsula Link freeways. EastLink has two 
tunnels under the Mullum Mullum Valley. (https://www.vicroads.vic.gov.au/traffic-and-road-
use/road-network-and-performance/types-of-roads/eastlink). The tunnels are named Melba 
(inbound to the CBD) and Mullum Mullum (outbound from the CBD), each being approximately 1.6 
kilometres long.  

On 29th June 2008, EastLink was officially opened to traffic. Following a four week toll-free period, 
tolling began on 27 July 2008. The fixed digital road safety camera system on EastLink was activated 
on 1st September 2008. There are 18 cameras at six separate locations on EastLink as described in 
Table 2. 

https://www.vicroads.vic.gov.au/traffic-and-road-use/road-network-and-performance/types-of-roads/eastlink
https://www.vicroads.vic.gov.au/traffic-and-road-use/road-network-and-performance/types-of-roads/eastlink
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Similar to the speed cameras in the CityLink tunnels there was inadequate or no prior crash history 
on Eastlink given the close date proximity of opening the road and activating the cameras for 
enforcement. In addition, the road environment on Eastlink and particularly in the Mullum Mullum 
and Melba Tunnels is relatively unique meaning there were no similar comparison roads that could 
be identified for use in the evaluation design, hence excluding the Eastlink cameras from being 
considered in the study. 

3.1.3 Western Ring Road Speed Cameras 

The Western Ring Road fixed speed cameras were turned off in January 2004 for approximately 
three years and re-activated in April 2007 due to roadworks and to rectify identified operational 
problems with the cameras. There are currently 22 cameras at eight active locations on the Western 
Ring Road. However, the number of active cameras and locations has varied over time due to 
upgrades by VicRoads on the Western Ring Road 

There were further operational disruptions to the cameras in subsequent years. Almost 1000 
drivers fined for speeding on the Western Ring Road on 30th June 2013 had their offence notices 
withdrawn due to inadequate signage on the Western Ring Road warning drivers of speed changes 
(on the northbound lanes at the Keilor Park Drive bridge on the Western Ring Road) while driving 
in a temporary works zone in June 2013. Additionally, the camera at the Keilor Park Drive Bridge 
site was de-activated in November 2010 and re-activated in April 2012.  

Because of the above disruptions to the Western Ring Road speed camera system, it was not 
possible to isolate effects of the speed cameras at these sites from consequential speed reductions 
and the confounding effects of roadworks. Hence, crashes were not analysed on the Western Ring 
Road as part of this evaluation. 

3.1.5 Monash Freeway speed cameras  

During the period of analysis in the study there was one fixed speed camera on the Monash Freeway 
inbound before the Domain Tunnel at the Punt road Exit Lane on the Monash Freeway 
approximately 550 metres before the Domain tunnel entrance. This camera was decommissioned 
at some point which was not able to be identified hence prohibiting evaluation. More recently, two 
further fixed speed cameras have become operational on the Monash Freeway in January 2014 
south of High Street in Glen Iris monitoring speeding cars travelling north and south-bound. For 
these sites, the period of available crash data post-activation of the cameras was deemed too short 
for analysis. 

At the time of this evaluation, there was insufficient data to undertake a thorough crash analysis 
hence crashes at the fixed speed camera sites on Monash Freeway were not considered in the 
evaluation. 

3.1.6 Fixed Speed Cameras on Geelong Road 

The western section of the Princes Freeway is known as Princes Freeway West or the 

Geelong Road.  For this study, this section of the Princes Freeway will be primarily referred 

to as the Geelong Road. 

A major upgrade of the Geelong Road, including realignment and widening of the road, 

occurred during 2000-2002. This occurred before the fixed speed cameras were installed 

progressively on the road during 2006 with signs placed on the freeway warning drivers of 

the presence of speed cameras in the area. Details of when cameras were switched on from 

2006 onwards are given in Appendix A. 
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The Geelong Road fixed speed camera system consisted of 8 banks of fixed camera sites at 

4 locations from starting from Millers Road Gantry, Altona and ending at Avalon Road 

Bridge, Avalon.  The 8 active locations between Melbourne and Geelong in both directions 

are shown in Table 4.  

Table 4 Active fixed speed camera locations on Geelong Road 

SITE ON GEELONG ROAD LOCATION  

West Gate Freeway (GA) Millers Road Gantry (Geelong bound) 

Princes Freeway West (GB) Forsyth Road bridge, Hoppers Crossing, (Geelong bound) 

Princes Freeway West (GC) Point Wilson Road bridge, Little River, (Geelong bound) 

Princes Freeway West (GD) Avalon Road bridge, Lara, (Geelong bound) 

Princes Freeway West (GE) Point Wilson Road bridge, Little River, (Melbourne bound) 

Princes Freeway West (GF) Avalon Road bridge, Lara, (Melbourne bound) 

Princes Freeway West (GG) Forsyth Road bridge, Hoppers Crossing, (Melbourne bound) 

West Gate Freeway (GH) Grieve Parade bridge, Altona North, (Melbourne bound) 

 

Since there was adequate crash history both before and after installation of the cameras in addition 
to the absence of no other identified confounding factors, the effects of the fixed speed cameras 
on crash outcomes at the Geelong Road sites shown in Table 4 have been evaluated in this study 
and are reported in Chapter 6. 

3.2  POINT-TO-POINT CAMERA SYSTEM DATA 

3.2.1 Point-to-Point cameras on Hume Freeway 

DJCS provided MUARC with the date of installation of the Hume Freeway Point-to-Point Speed 
Camera System together with information on dates the cameras were not operational. Other data 
provided for each speed camera site included GPS coordinates of the camera location, a verbal 
description of the camera location, the direction of travel and posted speed limit for each section. 
Table 5 provides further details with camera gantry locations plotted in Figure 1. Table 6 presents 
all the categories of data provided for each site along with an example of typical data for one of the 
Geelong Rd sites which was similar to that presented for the Hume Hwy sites.  

Table 5-Sites with active point-to-point speed cameras 

 

Camera Location At Intersection

Hume Freeway (point-to-point) 65 Metres South of O'Herns Road / 66 Metres South of Amaroo Road

Hume Freeway (point-to-point) 66 Metres South of Amaroo Road / Mount Fraser

Hume Freeway (point-to-point) Mount Fraser / Station Street

Hume Freeway (point-to-point) Station Street / 101 Metres South of Broadford-Flowerdale Road

Hume Freeway (point-to-point) 109 Metres South of Broadford-Flowerdale Road / Station Street

Hume Freeway (point-to-point) Station Street / Mount Fraser

Hume Freeway (point-to-point) Mount Fraser / 65 Metres South of Amaroo Road

Hume Freeway (point-to-point) 65 Metres South of Amaroo Road / 60 Metres South of O'Herns Road
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Table 6 - Typical data available for each active camera site 

 

Based on information available on the Victorian State Government’s Department of Justice and 
Community Safety ‘Cameras Save Lives’ website (www.camerassavelives.vic.gov.au) the Hume 
point-to-point speed camera system on the Hume Freeway was first activated on 5th  April 2007. 
The system consists of 10 speed cameras, with two positioned at five separate locations along the 
Hume Freeway (Figure 1). The cameras capture traffic travelling in both directions, effectively 
creating four northbound and four southbound point-to-point zones. 

On 14th October 2010, Victoria Police suspended use of all point-to-point cameras on the Hume 
Freeway due to a technical software fault. Following extensive testing and system improvements, 
Victoria Police reactivated the Hume cameras in August 2012. In addition to point-to-point 
enforcement, the cameras are now active for instantaneous enforcement at each terminal camera 
site as well as measuring the average speed over the section between the terminal cameras. 
Instantaneous cameras measure the speed of a vehicle at the location of the camera. All cameras 
on the Hume use in-road sensors, such as piezos, to activate the camera system. 

According to the Road Safety Act 1986, the point-to-point average speed formula is based on the 
shortest distance and the time taken to travel between two points. The shortest distance is 
measured by an approved surveyor. Surveyor certificates can be found under Compliance 
certificates. Point-to-point cameras take a set of digital images and then calculate the average 
speed by determining the time taken to travel from one point to the next. If the calculated average 
speed exceeds the speed limit, the incident is accepted and sent for verification. 

 

http://www.camerassavelives.vic.gov.au/
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Figure 1 Location of Point-to-Point Cameras Gantries on the Hume Freeway 

3.2.2 Point-to-Point cameras on Peninsula Link 

A point to point camera system was also installed and became operational on Peninsula Link south 
east of Melbourne in 2013. Six camera sites were installed, with two point-to-point sections and 
three detection points in each direction. The cameras were switched on at midnight on 19th 
September 2013 with an electronic message sign reading: "Cameras Enforcing Now".  The signs 
stayed in place as a reminder to motorists for a month after the cameras were switched on). 

Crashes on Peninsula Link were not analysed as part of this evaluation since there was an 
insufficient time period of available crash data post installation to facilitate a viable analysis.  
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3.3 SPEED CAMERA SYSTEMS CONSIDERED FOR EVALUATION  

Due to insufficient crash numbers, inadequate or no prior crash history and disruptions of camera 
systems due to road works as described in the previous sections, crash analyses presented in the 
following chapters were only undertaken for the fixed speed camera system on the Geelong Road 
and the point-to-point speed camera system on the Hume Freeway. 

The effects on crash outcomes of fixed speed cameras on the Western Ring Road, the Peninsula 
Link Freeway, the Monash Freeway, the CityLink tunnels, EastLink and the EastLink Tunnels were 
not considered as part of this evaluation. 

3.4 CRASH DATA 

Crash data were provided by VicRoads Road Asset and Road Safety Department. Data included all 
police reported crashes resulting in injury from 2000-2015. Crash details such as crash number, 
DCA, latitude and longitude, crash date, time, speed zone and crash severity were provided. Figure 
2 provides a snapshot of the crash data including all the data categories for the Geelong Road whilst 
Figure 3 provides a similar snapshot for the Hume Freeway. 

 

Figure 2 – Geelong Road: snapshot of typical crash data details  

 

 

Figure 3 – Hume Freeway: snapshot of typical crash data details 

CRASH_NO LATITUDE LONGITUDE CRASH_DATE CRASH_TIME DCA_CODE SEVERITY ROAD_GEOMETRY LOCATION_TYPE DISTANCE_LOCATION ROAD_NAME ROAD_NAME_INT SPEED_ZONE TRAFFIC_CONTROL  

12000000389 -38.002 145.142 Jan 4, 2000 10:30:00 PM 171 1 5 N 221 STATE (BELL/SPRINGVALE)                      PUSKAS                                       90 km/hr                          0

12000000554 -37.965 145.075 Jan 6, 2000 10:15:00 PM 171 2 2 I WARRIGAL                                     IRENE                                        60 km/hr                          0

12000000555 -37.863 144.981 Jan 1, 2000 6:00:00 PM 130 2 2 I GREY                                         ROBE                                         60 km/hr                          4

12000000559 -37.944 145.001 Jan 2, 2000 1:00:00 AM 181 2 5 N 33 HAMPTON                                      BEACH                                        60 km/hr                          0

12000000586 -37.885 145.067 Jan 3, 2000 11:50:00 PM 110 3 1 I PRINCES                                      BELGRAVE                                     70 km/hr                          1

12000000781 -37.985 145.044 Jan 9, 2000 9:05:00 AM 110 3 1 I GRIFFITHS                                    TRAMWAY                                      60 km/hr                          9

12000000808 -37.934 145.043 Jan 8, 2000 11:05:00 AM 113 2 2 I SOUTH                                        LINTON                                       70 km/hr                          0

12000000808 -37.934 145.043 Jan 8, 2000 11:05:00 AM 113 2 2 I SOUTH                                        LINTON                                       70 km/hr                          11

12000000810 -38.069 145.121 Jan 8, 2000 10:00:00 AM 147 3 5 N 198 NEPEAN                                       THE GLADE                                    60 km/hr                          0

12000000810 -38.069 145.121 Jan 8, 2000 10:00:00 AM 147 3 5 N 198 NEPEAN                                       THE GLADE                                    60 km/hr                          99

12000001446 -37.92 145.022 Jan 7, 2000 1:13:00 PM 130 2 5 N 15 NEPEAN                                       MARRIAGE                                     80 km/hr                          1

ACCIDENT NO LATITUDE LONGITUDE ACCIDENT 

DATE

BEFORE/

AFTER

ACCIDENT 

TIME

DCA CODE SEVERITY ROAD 

NAME

ROAD NAME INT SPEED_ZONE Treatment/

Control

32000013924 -37.531 144.947 13/04/2000 before 8:00:00 AM 171 3 HUME                                         MALCOLM                                      100 km/hr                          Treatment

32000023325 -37.541 144.945 23/06/2000 before 7:00:00 AM 130 3 HUME                                         HUME                                         100 km/hr                          Treatment

32000023749 -37.543 144.945 5/07/2000 before 11:30:00 PM 130 3 HUME                                         UNNAMED                                      100 km/hr                          Treatment

32000040312 -37.513 144.95 26/11/2000 before 10:50:00 PM 130 2 HUME                                         GUNNS GULLY                                  110 km/hr                          Treatment

32001004602 -37.529 144.947 16/01/2001 before 9:45:00 AM 171 3 HUME                                         MALCOLM                                      100 km/hr                          Treatment

32001027837 -37.536 144.946 25/08/2001 before 4:25:00 PM 162 2 HUME                                         PATTERSON                                    100 km/hr                          Treatment

32002006865 -37.525 144.948 13/02/2002 before 3:17:00 AM 171 2 HUME                                         CAMERON                                      100 km/hr                          Treatment

32002008004 -37.537 144.946 3/03/2002 before 2:00:00 AM 170 3 HUME                                         PATTERSON                                    110 km/hr                          Treatment
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4. EVALUATION DESIGN AND ANALYSIS METHODS 

4.1 EVALUATION DESIGN 

Based on previous evaluations described in Chapters 2 and 3, it is likely that fixed speed cameras 

and point-to-point cameras in Victoria will have strongly localised crash effects at the camera site 

with deterrence primarily driven by the presence of the camera. Given the fixed speed cameras in 

Victoria are all located on the urban freeway network and signed, it is also likely that the effects 

will be limited to the freeway network itself. 

The presence of localised effects, along with the need to control for the influence of other factors 

affecting crash outcomes at the camera sites, dictates the evaluation designs which could be 

considered for fixed cameras. Excluding the randomised controlled trial which is generally not a 

viable evaluation design for targeted road safety programs such as speed cameras, there are two 

potential evaluation designs which are commonly used for the evaluation of programs with 

localised crash effects: the simple before after design and the before after design with comparison 

group (quasi experiment) (Hauer, 1997).  

Of the two designs considered for the outcome evaluation of road safety programs with localised 

effects, the quasi experiment is the design that often offers the most useful approach with a 

reasonable degree of scientific rigour. It is also the one that is most often used in practice reflecting 

its applicability. Unlike the fully randomised controlled trial, it is consistent with the implementation 

strategies typically used for road safety programs. It does not require broad reaching exposure data 

that are often difficult to obtain, particularly for programs with a wide geographical influence. 

Compared to the simple before-after comparison, the quasi experiment offers an additional level 

of scientific rigor by providing the facility to correct for biases in the estimated treatment effect 

caused by the simultaneous effects of non-treatment factors in the outcome measure. 

Furthermore, it eliminates the need to have explicit measures of confounding factors and to assume 

relationship forms between these and the outcome measure to undertake corrected before-after 

comparisons through some form of covariate analysis. 

Use of the quasi experiment comes with some cautions. Comparison or “control” groups within the 

design must be carefully selected to adequately reflect the influence of non-treatment related 

factors at treated sites but not so narrowly as to compromise statistical power. The issue of 

regression to the mean must also be considered both from the likelihood of it representing a 

problem based on the selection regime for site treatment, and to adopting a strategy to either 

minimise potential regression to the mean effects or estimate the magnitude of the regression to 

the mean bias. 

Use of the quasi-experimental design requires consideration of how to specify the area over which 

the camera program will influence crashes (the ‘treatment area’) and the area which will be used 

as a comparison in the design (the ‘control’ or ‘comparison’ area). 

Specifying the treatment area in the quasi experimental design for fixed spot speed cameras 

requires the halo of influence around the camera site to be defined. Hypothesising the size of the 

halo of influence is informed by the summary of halo sizes reported in previous speed camera 

evaluation studies summarised in Table 7. In urban areas the most commonly assumed halo of 

influence used was a distance of 0.5km from the camera site on the same road, although one study 
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used a halo of 2km. In rural areas, the halo identified has extended up to 10km from the camera on 

the same road. The extent of the halo is likely to be driven partly by the placement of signs advising 

of the presence of a camera.  

Based on the findings from previous studies, for fixed spot speed cameras on Victorian freeways a 

halo of 1km from the camera site on the same road was considered as reasonable to use as a halo 

of influence. Consequently, the treatment area is defined as areas on the same road as the camera 

is placed, within a 1km distance of the camera and on the same road. Crashes occurring in this area 

are hypothesised as being influenced by the presence of the camera.  

The possible halo of influence for the point to point camera system was considered likely to be 

different to that of a fixed spot speed camera given it enforces average speed along a whole route 

and not just at a single point. Consequently, the halo of influence for the point to point camera 

system was considered to be the whole length of road between the boundary cameras. In addition, 

the international studies reviewed suggested the halo of influence may extend beyond the last 

camera in the system for between 3 and 10km. Based on these studies, the halo of influence for 

the point camera system in this study was considered to extend 5km beyond the last camera in the 

system. 
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Table 7  Summary of estimated localised effects measured at camera sites, by affected crash/injury severity (reported by Wilson et. al., 2010) 

    Severity of crashes or injuries reduced by camera system   

Evaluation study 

(Wilson et al’s 

terminology) 

Speed camera 

type 

Location 

type 

Distance 

halo 

Fatal Hosp-

ital 

KSI Med 

treat-

ment 

PIC Other 

injury 

Non-

injury 

Any 

sever-

ity 

Notes 

    F  H  F+H M  F+H+

M 

O  N  F to N  

AU VIC 1 Ph.3 covert mobile Melbourne 1 km     8.4%    HAH crashes for 2 weeks 

AU VIC 1 Ph.5 covert mobile Melbourne 1 km     6.2%    HAH crashes for 2 weeks 

AU VIC 1 Ph.5 covert mobile Melbourne 1 km     14.6%    All crashes for 3 weeks 

Average effect Covert Urban      9.7%     

GB Nationwide overt fixed Urban 0.5 km 20%  46.8%  22.4%     

GB Nationwide overt mobile Urban 0.5 km 45%  34.9%  22.4%     

GB Nationwide overt fixed Urban 0.5 km   23.5%  16.6%     

GB Nationwide overt mobile Urban 0.5 km   17.6%  19.4%     

GB 30mph Nation overt fixed Urban 30 1 km   13.0%  24.0%     

US Arizona 1 overt fixed Urban fwy  6.5 mile     43.0%   47.0% 6.5 mile section 

Average effect Overt Urban      24.6%     

AU VIC 1 Ph.5 covert mobile Rural hwy 15 km     23.2%    HAH crashes for 1 week 

AU VIC 1 Ph.5 covert mobile Rural hwy 15 km     8.9%    LAH crashes for 2 weeks 

Average effect Covert Rural      16.1%     

GB Nationwide overt fixed Rural 0.5 km 65%  62.4%  33.2%     

GB Nationwide overt mobile Rural 0.5 km 22%  33.8%  15.5%     

GB Norfolk overt mobile Rural 60 3 km   44.0%  19.0%    3 km long sections 

Average effect Overt Rural      22.6%     

AU QLD 2 overt mobile All State 2 km 45.3% 30.5%  39.0% 36.3% 19.3% 21.4% 28.4%  

GB South Wales overt mobile All types 0.5 km     50.0%     

GB Cambridge overt fixed All types 2 km     20.9%     

Average effect Overt All      35.7%     
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4.2 SELECTION OF TREATMENT AND CONTROL SITES FOR GEELONG 

ROAD SPEED CAMERAS 

4.2.1 Treatment Sites for Fixed Speed Cameras on Geelong Road  

Treatment sites for the fixed spot speed camera study were defined as areas on the Geelong Road 
within 1 km of the eight fixed speed camera sites on the road. 

4.2.2 Control Sites for Fixed Speed Cameras on Geelong Road 

Two methods were considered for identifying suitable control sites.  

Method 1: 

Method 1 considered selecting control sites that included characteristics closely matched to those at 
the treatment sites. Characteristics considered for matching included speed limit, number of lanes, 
curve or straight section of road, existence of sealed shoulder and roadside barrier, single or dual 
carriageway. A number of sites were identified that displayed similar characteristics and were along 
the same route but away from the treatment sites.  A distance of at least 1 km was used to separate 
treatment sites from potential control sites. That is, the cameras were defined as having an effect 
within a 1 km radius. However, this method produced a very limited control area with low crash 
numbers meaning there was not adequate statistical analysis power to produce meaningful estimates 
of camera effectiveness. 

Method 2: 

In order to increase statistical analysis power, a second method of control site selection was 
considered. This method is based on the assumption that characteristics such as road geometry and 
carriageway configuration are likely to be generally similar along much of the route. This lead to the 
whole of the Geelong Rd road outside the hypothesised areas of influence of the fixed speed camera 
network being used as control areas. Thus, it was determined that all crashes within 1km from the 
fixed camera site would be considered as affected by the treatment and defined as “treatment sites” 
and all other areas of the road would be considered independent of the treatment and defined as 
“controls”. 

Data spreadsheet 

To facilitate analysis of the data, an Excel spreadsheet was created with all the crash data categories 
(See Figure 2).  GPS coordinates provided with the crash data were converted to physical distances so 
that treatment area boundaries could be defined and then crashes in control areas identified via 
subtraction. Before and after treatment period crashes were identified by comparing crash dates to 
the date of camera installation.  

Mapping 

Treatment sites were mapped using MyMaps (https://www.google.com/maps/d/) through Google. 
This allowed visual verification of the defined sites and “stray crashes”, being those not actually 
occurring on the Geelong Rd but at places like intersections of the on and off ramps, were removed 
from the route by individually deleting crashes that were outside the defined boundaries. This also 
visually confirmed that the treated sites were within the set distance criteria and the control sites 
were outside these. Figure 4, Figure 5, Figure 6 and Figure 7, present camera sites, treated sites and 
control sites). 

https://www.google.com/maps/d/
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Figure 4- Speed camera locations on Geelong Road (note some locations contain two cameras for 
either direction of traffic which cannot be seen clearly in the figure) 

 

Figure 5 - Treatment sites for cameras on Geelong Road (Note: red and orange dots distinguish 
crashes within 80 and 100 km/h zones) 
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Figure 6 - Control sites for cameras on Geelong Road (Note: blue and green dots 

distinguish crashes within 80 and 100 km/h zones) 

 

Figure 7 - Speed camera, treatment and control sites on Geelong Road 
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4.3  SELECTION OF TREATMENT AND CONTROL SITES FOR HUME 

FREEWAY POINT-TO-POINT SPEED CAMERA SYSTEM 

4.3.1 Treatment Sites for Point-to-Point Speed Camera System on Hume Freeway 

Data were provided by DJCS on point-to-point camera locations along the Hume Freeway.  The 
freeway was categorised in to four sections based on the location of the camera gantries defining the 
enforced road segments as depicted in  

Figure 8. All sections were included in the analysis presented in Chapter 6.  However, crashes occurring 
along Section 1 had a shorter prior crash history period than the other sections due to the Craigieburn 
Bypass section of the Hume Freeway being only opened to traffic on 20th December 2005.  

Crashes within these sections were considered affected by the treatment and defined as 
“treatments”. Crashes occurring within a 5km radius at the end of Section 4 were also included in the 
treatment.  Only sites with posted speed limits of 80 km/h and above were included in the analysis 
sample. 

 

Figure 8– Sections of Hume Freeway ‘treated’ by point-to-point cameras 

 

4.3.2 Control Sites for Point-to-Point Speed Camera System on Hume Freeway 

Untreated sections of the Hume Freeway north of the point to point camera enforced segments were 
considered as potential control sites. Two methods were considered for identifying suitable control 
sites. 

Method 1 

As for the Geelong Rd analysis, Method 1 involved selecting control sites that specifically included 
characteristics similar to those at the treatment sites. Key characteristics included speed limit, number 
of lanes, curve or straight section of road, existence of sealed shoulder and roadside barrier, single or 
dual carriageway. Again, this high level of matching produced a small number of control sections with 
limited crashes which limited statistical analysis power. 

Method 2 

Again, like the Geelong Rd analysis, Method 2 aimed to increase the statistical analysis power by 
assuming that general characteristics of the same road are likely to be similar allowing large sections 
of the untreated area of the same road to be used as control sites for the analysis. One such section 
deemed suitable after review of the Hume Highway was the section from Seymour to Benalla which 
was considered suitable for use as a control area. Based on this selection, Method 2 was employed in 
the analysis design.  

One modification to the treatment and control site selections was the removal of road segments of 
the Hume Freeway that were treated as part of the Safer Road Infrastructure Program (SRIP) during 
the same time periods as the point-to-point cameras were in operation on the Hume Freeway. Sites 

Hume Freeway

Section 1:      9.4 km             Northbound    Cooper St, Epping to Amaroo Rd, Craigieburn

Southbound    Amaroo Rd, Craigieburn to Cooper St, Epping

Section 2:      12.9 km           Northbound    Amaroo Rd, Craigieburn to Lithgow St, Beveridge

Southbound    Lithgow St, Beveridge to Amaroo Rd, Craigieburn

Section 3:        6.7km            Northbound    Lithgow St, Beveridge  to Watson St ,Wallan E

Southbound    Watson St, Wallan East to Lithgow St, Beveridge   

 Section 4:        26.3km                                   Northbound    Watson St ,Wallan East to Broadford Flowerdale Rd,  Broadford

Southbound    Broadford Flowerdale Rd, Broadford to Watson  St, Wallan East
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treated under SRIP were excluded from the crash analyses presented in Chapter 6 in both treatment 
and control road lengths. Most notable, crashes occurring on the Hume Freeway from Broadford to 
Seymour could not be considered in the control group of crashes.  

Data spreadsheet 

Analysis of the data Hume Freeway data was facilitated through the creation of an Excel spreadsheet 
containing all crashes on the road.  GPS coordinates provided with the crash data were converted to 
physical distances from the treatment area and defined control section to identify crashes in the data 
as belonging to the “treatment” or “control” areas. Before and after treatment crashes were identified 
by comparing crash dates to the dates of installation of the point to point camera system on the Hume 
Freeway. 

Mapping 

Camera and crash sites were mapped for the point to point analysis using MyMaps through Google. 
(https://www.google.com/maps/d/). This allowed visual verification of the defined sites and allowed 
crashes which did not occur on the highway, for example on ramp interchange intersections, to be 
removed from the analysis by individually deleting crashes that were outside the roadway or outside 
the defined treatment and control area boundaries. This also visually confirmed that the treated sites 
and the control sites were mutually exclusive. Figure 9, Figure 10, Figure 11 and Figure 12 present 
camera sites, treated sites and control sites. 

 

 

Figure 9 - Point-to-point camera locations on Hume Freeway (Note: locations contain 

two cameras for either direction of traffic which cannot be seen clearly in the figure). 

 

https://www.google.com/maps/d/


26 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

 

Figure 10 - Treatment sites for point-to-point cameras on Hume Freeway 
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Figure 11 - Control sites for point-to-point cameras on Hume Freeway   

 

Figure 12 - Speed camera, treatment and control sites on Hume Freeway  

 

    Section boundaries 

     Control sites 
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4.4  STATISTICAL ANALYSIS METHODOLOGY  

Statistical methods to support the analyses of quasi-experimental designs, as described in the previous 

section and used for the evaluation, are the same for both fixed freeway cameras as well as point-to-

point cameras. Each design has the similarity of assessing the change in crash counts from a period 

before treatment implementation to a period after treatment implementation against parallel 

changes at the defined control or comparison areas. Because the treatments being considered are 

highly localised, the crash data in the before and after periods was too small to facilitate a time series 

based analysis. Hence, the statistical analysis was performed on aggregated data in the form of total 

crash counts in each of the before and after periods.  

To outline the basic statistical analysis methodology, first the case of a single treatment site assessed 

against aggregated data across the chosen control areas is considered. The accident data for a 

particular treatment site and control site in a simultaneous before and after comparison can be 

summarised in a 2x2 contingency table, shown in Table 8.  The before and after treatment crash counts 

are taken over the entire before and after treatment periods defined in the study. Often the before 

and after crash periods are of different duration although, as will become evident, this has no bearing 

on the analysis method. 

Table 8 Contingency table representation of crash counts in the quasi experiment 

 Before treatment crash count After treatment crash count 

Control group n
00

 n
01

 

Treatment group n
10

 n
11

 

 

The assessment of the treatment effect in the quasi experiment is made by comparing changes in the 

crash frequency at the treatment site from before to after treatment, with parallel changes in crash 

frequency at the control site, over the same time period. If there is no treatment effect the ratio of 

crashes after treatment to before treatment, at the treated site, will be the same as the ratio at the 

control site (within chance variation). A treatment producing an effect at the treatment site will result 

in different after to before crash ratios between treatment and control sites. In terms of the 

contingency table representation of crashes in Table 8, a treatment crash effect will be reflected in an 

interactive effect on cell counts between the rows and columns of the table. 

To assess this interactive effect a regression model framework was used to test for the statistical 

significance of an interactive effect in the contingency table. The model is defined as:  

tbtbbttbn  )ln(  (Equation 1) 

where:  

t  is the index for treatment or control group (0=control, 1=treatment) 

b  is the index for before or after treatment  (0=before treatment, 1=after treatment) 

α, β, γ, δ are parameters of the model 
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ε   is a random error term 

ntb   is the observed crash count  

The structure of the linear form of parameters in the above model can be thought of as including the 

base effects and first order interaction of two categorical variables, each with two levels. 

Parameterisation of the 2 level categorical variables in the model is most convenient for interpretation 

using a simple contrast scheme where the design matrix elements are represented only as a 

combination of zeros and ones. Because the model includes an intercept, one level of each of the 

categorical variables must be aliased through setting the associated parameter to zero. The choice of 

the aliased parameter in the model is critical for ease of interpretation of the remaining parameters. 

It turns out to be most convenient to alias the parameters corresponding to the zero levels of the 

before and after treatment indicator, which is the before level, and the treatment control indicator, 

which is the control indicator. Correspondingly, three out of the four interaction parameters, where 

either the before-after or treatment-control indicators are at their zero level, are also aliased. 

Symbolically, this is: 

0

0

100100

00







 and
 

Parameter β1 then represents the difference in the number of crashes between the treatment and 

control groups in the before treatment period and parameter γ1 represents the change in crash 

frequency in the control group from before to after treatment. Most importantly, parameter δ11 

represents the differential crash change in the treatment group from before to after treatment 

compared to the control group as shown in Table 9. In other words, parameter δ11 is a direct measure 

of the crash effect of the treatment being assessed. It is straightforward to show that the ratio of after 

to before treatment crashes at the treatment site, relative to the control site, is simply the exponent 

of parameter δ11. This leads to the estimated percentage crash reduction at the treatment site 

attributable to the treatment, after parallel adjustment for changes in the control series crashes, being 

given as: 

%100))exp(1( 11    (Equation 2) 

Table 9  Expected values contingency table representation of crash counts in the quasi-experiment 

 Before treatment crash count After treatment crash count 

Control group )exp(  )exp( 1   

Treatment group )exp( 1   )exp( 1111    

 

A log link function is chosen for the regression model as it assumes the countermeasure acts on crash 

frequency in a multiplicative rather than an additive way. The assumption of multiplicative effects 

within the model can be sustained because a road safety countermeasure will generally reduce the 

frequency of accidents by a certain proportion and not by a certain number. The multiplicative 
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structure also ensures that the crash counts predicted from the regression model are non-negative, a 

clearly desirable property for models of crash counts. 

A test of the statistical significance of the estimated treatment effect can be made using the parameter 

estimate for δ11 and its standard error, SE(δ11). The generic null hypothesis being tested is that the 

treatment had no effect on observed crash frequency after implementation relative to the control. 

This is tested against the two sided alternative hypothesis that the treatment resulted in some change 

in observed crashes. Existing evidence of speed camera effectiveness suggests that it could be 

expected that each camera system would reduce, but not increase, crashes to some degree and, 

because of this, it would be appropriate to test against a one sided alternative hypothesis in each case 

in order to maximise statistical power. However, it is possible that drivers may react to visible camera 

equipment by speeding up after slowing very temporarily in response to a perceived short-distance 

threat, and hence increasing crashes or their severity on road sections adjacent to areas around the 

camera sites. Because of this unintended possibility, it is considered that two sided alternative 

hypotheses are appropriate in most circumstances in this study. 

In relation to the parameter δ11, the null and alternative hypotheses can be phrased in the following 

way: 

0:

0:

111

11









H

H o
 

Having both the parameter estimate and its standard error, calculation of the Type I error probability 

for acceptance or rejection of the null hypothesis can be made using a standard normal quantity, Z, 

defined as: 

)( 11

11





SE
Z   (Equation 3) 

The significance probability for assessment of the null hypothesis is calculated by comparing Z to the 

standard normal distribution in the usual way. Similarly, (1-k) 100% confidence limits can be calculated 

for the treatment effect parameter δ11 from the following:  

)( 11
2

11  SEZ k  (Equation 4) 

Here Zk is the kth percentile of the standard normal distribution. The confidence limit for the parameter 

estimate can be transformed into a confidence limit for the estimated percentage crash reduction by 

applying Equation 2 to each bound of the parameter confidence limit. 

A final important consideration in specifying the analysis regression model is the error structure which 

is assumed for the crash count data. The most commonly assumed error structure is a Poisson 

distribution (Nicholson, 1985, 1986) although when data are aggregated across a number of sites, 

which might be the case when control data is taken across a range of eligible sites, other distributions 

arise. The most common of these is the Negative Binomial distribution which accounts for over or 

under dispersion of the data as well as cases where there is a surplus of zero crash counts (Hilbe, 

2007). The general strategy in choosing the most appropriate analysis error structure was to either 

start with the negative binomial error structure and assess the relationship between the estimated 

mean and variance parameters, or to start with the Poisson distribution and examine for evidence of 
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over dispersion. Goodness of fit statistics such as the Akaike Information Criteria (AIC) were used to 

inform the choice (Wood, 2002). 

Presentation of the analysis model above has considered estimating the treatment crash effect at one 

treatment site using corresponding control site information for that treatment. Cameras with localised 

crash influence are implemented across a number of sites and it is of interest to assess the treatment 

effectiveness at each of these sites individually as well as in aggregate across all sites. The above model 

is readily extended to simultaneously estimate the effect of L treatments from L treatment and control 

pairs with before and after treatment data. 

For L treatment and control pairs, the before and after crash count data may be summarised in a 2x2xL 

contingency table as shown in Table 10. 

Table 10  Contingency table representation of crash counts from L individual treatment and 
control pairs 

Site Control Group Treatment Group 

No. Before After Before After 

1 N
100

 n
101

 n
110

 n
111

 

2 N
200

 n
201

 n
210

 n
211

 

. . . . . 

. . . . . 

L n
L00

 n
L01

 n
L10

 n
L11

 

 

The regression model for analysis of the treatment crash effects at the L sites in Table 10 is an 

extension of that described by Equation 1. The extended model is given by Equation 5 and is essentially 

Equation 1 with each term interacted with a site indicator variable. 

stbstbsbstsstbn  )ln(
 (Equation 5) 

The definition of terms in Equation 5 is the same as for Equation 1 with the addition of the following.  

S is the indicator for treatment site (1, 2,…, L) 

λs are model parameters indicating differences in the number of crashes 
between sites.  

Appropriate aliasing of indicator variable levels in the extended model is again critical for obtaining 

direct estimate of the crash effects of the treatment at each treated site. The following parameters 

are aliased in the model to achieve this 

s

ands

sss

ss





0

0

100100

00




 

Which of the λs are aliased is not important. 



32 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

Aliasing in this way leaves the parameters δs11 as direct estimates of the treatment effect at each 

treatment site. The percentage crash reduction at treatment site s is given by Equation 6, being 

analogous to Equation 6 for the single treatment case. 

%100))exp(1( 11  ss   (Equation 6) 

Tests of the statistical significance of each treatment effect parameter and corresponding confidence 

limits follow through obvious modification to Equations 3 and 4. 

One of the advantages of using a single model to estimate treatment effects across a number of 

treatment sites is that the model of Equation 5 can be modified subtly to provide an average treatment 

effect across all L treatments being assessed. The modifications to the model involve a modification 

to Equation 5 replacing the L 3-way interaction terms δs11 with a single global 2-way interaction term 

as indicated in Equation 7. 

stbtbsbstsstbn  )ln(
 (Equation 7) 

Aliasing is as before except with all but δ11 of the δ parameters aliased. The non-aliased parameter 

δ11 represents the average net treatment crash effect across the L treated sites. Calculation of the 

overall percentage treatment crash reduction, significance probabilities, and confidence limits are as 

before based on the overall treatment effect parameter, δ11 in Equation 7, and its estimated standard 

error. 

There are specific benefits to using the formulation of Equation 7 rather than aggregating data across 

treatment and control sites to produce an overall effect estimate. Firstly, it avoids the potential for 

the occurrence of Simpson’s paradox which can occur when data are aggregated across a confounding 

variable (Jarrett, 1997; Simpson, 1951). If the treatment effect is confounded with site then 

aggregation of the data across sites may lead to a biased overall treatment effect estimate.  

The crash analysis was undertaken using SPSS computer software, Version 22.0 (IBM Corp, 2013).  
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5  ANALYSIS RESULTS 

5.1 FIXED SPEED CAMERAS ON GEELONG ROAD 

Casualty crashes occurring in the periods before and after the activation of the Geelong Road fixed 
speed camera were extracted from the crash database. An 8-year ‘after’ period of crashes was used 
for the crash analysis, namely crashes occurring during 2007 and 2014. For the ‘before’ group, a prior 
crash history period of three years was considered, specifically crashes occurring between 2003 and 
2005. A table of the dates when the 8 speed cameras on the Geelong Road were switched on is given 
in Appendix A. 

The ‘treatment’ group of crashes was defined as crashes occurring within a 1 km radius of one of the 
fixed speed camera sites on the Geelong Road shown in Table 4.  The control group of crashes were 
those occurring outside a 1 km radius of the fixed speed camera on the Geelong Road in 80-100 km/h 
speed zones during the same before and after periods. Table 11 presents the number of casualty 
crashes that occurred at the treatment and control sites on the Geelong Road before and after 
activation of the fixed speed cameras. Crash frequencies for the most severe crashes, those resulting 
in either a fatality or serious injury were also analysed.  These crash frequencies are shown in Table 
12. 

Table 11  Casualty Crashes at Fixed Speed Cameras on Geelong Road before and after activation of 
cameras 

GROUP Before Period 
2003-2005 

After Period 
2007 -2014 

Treatment – within 1 km radius of 
fixed speed camera 

78 142 

Control – outside 1 km radius of 
fixed speed camera 

132 345 

 

Table 12  Fatal and Serious Injury Crashes at Fixed Speed Cameras on Geelong Road before and after 
activation of cameras 

GROUP Before Period 
2003-2005 

After Period 
2007 -2014 

Treatment – within 1 km radius of 
fixed speed camera 

27 62 

Control – outside 1 km radius of 
fixed speed camera 

46 148 

 

The data presented in Tables 11 and 12 was used in the regression models described in Section 5.2 to 
estimate the net crash effects associated with installation of the fixed speed cameras on the Geelong 
Road. Results are presented in Table 13 for all casualty crashes as well as crashes resulting in either a 
fatality or serious injury (serious casualty crashes).  

The relative risk measure (RR) in Table 13 is the relative crash risk after camera installation compared 
to before camera installation after correcting for parallel changes in the comparison group from 
before to after installation. For example, a relative risk of 0.697 indicates the average crash risk after 
camera installation is 69.7 percent of the pre-installation risk, or a 30.3 percent crash reduction. Also 
presented in Table 13 is the significance probability of the estimated relative risk (the probability of 
obtaining the estimated relative risk given no real effect of the camera – low significance probabilities 
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indicate a likely real effect of the camera) and the 95% confidence limit on the relative risk estimate 
(the interval the real crash reduction associated with the camera installation lies with 95% certainty – 
confidence limits that do not overlap one indicate a significant crash effect associated with camera 
installation).  

For both crash severity outcomes there were indications of crash reductions after installation of the 
fixed speed cameras, with a 30.3% reduction estimated for casualty crashes (equating to about 8 
casualty crashes saved annually), and a 28.6% reduction for fatal and serious injury crashes (equating 
to about 2.5 serious casualty crashes saved annually).  However, only the 30.3% casualty crash 
reduction was statistically significant (p=0.0379). 

Table 13  Estimated relative crash risk at sites on Geelong Road within 1 km of fixed speed cameras 
compared to sites on Geelong Road outside 1 km radius of speed cameras 

Crash  
Severity 

Relative Risk 
(RR) or Odds 

Ratio (OR) 

P-value 95% LCL for RR 95% UCL for RR % crash change 

All Casualty 
crashes 

0.697 0.0379 0.495 0.980 30.3% crash 
reduction 

      

Fatal and 
Serious Injury 

crashes 

0.714 0.2379 0.408 1.250 28.6% crash 
reduction 

 

5.2 POINT-TO-POINT CAMERAS ON HUME FREEWAY 

For the crash evaluation of the point-to-point speed cameras on the Hume Freeway, crash effects 
were estimated for each of the four sections of the Hume freeway (Figure 8). Crashes occurring on the 
Hume Freeway north of the point-to-point speed camera system were considered as comparison or 
control groups of crashes. Two possible sections within the control area were initially considered – 
crashes occurring on the Hume Freeway between Seymour and Euroa (control group 1) and crashes 
occurring on the Hume Freeway between Euroa and Benalla (control group 2) during the same before 
and after periods as the treatment crashes. Due to similarities in terms of crash patterns between 
these two sections, the two comparison groups were combined for the crash analysis giving an overall 
control group of crashes on the Hume Freeway from Seymour to Benalla. 

The ‘before’ periods considered for analysis were:   

 1 January 2000 to 31 March 2007 (for Sections 2, 3, and 4 of the Hume), and  

 20 December 2005 to 31 March 2007 (for Section 1 of the Hume). 

A shorter before period was considered for Section 1 of the Hume Freeway due to Craigieburn bypass 
opening to traffic on 20 December 2005. 

Two ‘after’ periods were also considered for analysis: 

 1 April 2007 to 1 March 2015 (total period after the point-to-point camera system was 

installed), and 

 An ‘active’ after period from 1 April 2007 to 1 March 2015 excluding the 22 month period 

when the camera system was switched off (i.e. 1 November 2010 to 31 August 2012) 

The following tables present the crash frequencies for each section of the Hume Freeway.  
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Table 14 displays the casualty crash frequencies occurring on Section 1 of the Hume Freeway for each 
after camera activation period and the before period from when the Craigieburn Bypass opened to 
traffic. Crash frequencies for both control groups of crashes are also shown. The corresponding 
casualty crash frequencies for Sections 2, 3 and 4 are shown in Table 15. 

Table 14 All casualty crashes on section 1 of Hume Freeway 

Section of  
Hume Freeway 

Before (20th Dec 
2005 to 31st March 

2007) 

Total After (1st Apr 
2007 to 1st March 

2015) 

Camera switch 
off (1st Nov 2010 
to 31st Aug 2012) 

Active After 
(without camera 

switch off period)* 

Section 1 of Hume 
(treatment) 

51 370 89 281 

Control 1 (Seymour 
to Euroa) 

6 54 13 41 

Control 2 (Seymour 
to Euroa & Euroa to 

Benalla) 

7 70 15 55 

*Excludes crashes occurring during 1st Nov 2010-31st Aug 2012 when cameras were switched off 

Table 15 All casualty crashes on sections 2, 3 and 4 of Hume Freeway 

Section of Hume 
Freeway 

Before (1 Jan 2000 
to 31 March 2007) 

Total After (1 Apr 
2007 to 1 March 

2015) 

Camera switch 
off (1st Nov 2010 
to 31st Aug 2012) 

Active After 
(without camera 

switch off period)* 

Section 2 of Hume 
(treatment) 

31 19 1 18 

Section 3 of Hume 
(treatment) 

0 9 5 7 

Section 4 of Hume 
(treatment) 

46 36 5 31 

Total Sections 2, 3 & 
4 

77 64 11 56 

Control 1 (Seymour 
to Euroa) 

50 54 13 41 

Control 2 (Seymour 
to Euroa & Euroa to 

Benalla) 

76 70 15 55 

*Excludes crashes occurring during 1st Nov 2010-31st Aug 2012 when cameras were switched off 

The fatal and serious injury crash frequencies occurring on Section 1 of the Hume Freeway for the 
before period and each after period are shown in Table 16, whilst Table 17 displays the corresponding 
crash frequencies for Sections 2, 3 and 4 of the Hume Freeway.   

Table 16 Fatal and serious injury crashes on section 1 of Hume Freeway  

Section of Hume 
Freeway  

Before (20 Dec 
2005 to 31 March 

2007) 

Total After (1 Apr 
2007 to 1 March 

2015) 

Camera switched 
off (1st Nov 2010 
to 31st Aug 2012) 

Active After 
(without camera 

switched off)* 

Section 1 of Hume 
(treatment) 

28 198 40 158 

Control 1 (Seymour 
to Euroa) 

3 30 5 25 

Control 2 (Seymour 
to Euroa & Euroa to 

Benalla) 

4 41 6 35 

*Excludes crashes occurring during 1st Nov 2010-31st Aug 2012 when cameras were switched off 
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Table 17  Fatal and serious injury crashes on sections 2, 3 & 4 of Hume Freeway 

Section of Hume 
Freeway 

Before (1 Jan 2000 
to 31 March 2007) 

Total After (1 Apr 
2007 to 1 March 

2015) 

Camera switched 
off (1st Nov 2010 
to 31st Aug 2012 

Active After 
(without camera 

switched off) 

Section 2 of Hume 
(treatment) 

19 11 0 11 

Section 3 of Hume 
(treatment) 

0 3 0 3 

Section 4 of Hume 
(treatment) 

21 20 2 18 

Total Sections 2, 3 & 
4 

40 34 2 32 

Control 1 (Seymour 
to Euroa) 

23 30 5 25 

Control 2 (Seymour 
to Euroa & Euroa to 

Benalla) 

36 41 6 35 

*Excludes crashes occurring during 1st Nov 2010-31st Aug 2012 when cameras were switched off 

Relative Crash Risk Results for Hume Freeway  

The data presented in Tables 14, 15, 16 and 17 was used in the regression models described in Section 
5.2 to estimate the net crash effects associated with installation of the point-to-point speed cameras 
on the Hume Freeway.  Results are presented in Table 18 for the entire period after the cameras were 
switched on (1st April 2007 to 1st March 2015) for all casualty crashes and for serious casualty crashes. 
Similarly, Table 19 displays the relative crash risk results for the same period but excluding the time 
when the cameras were switched off (i.e. 1st November 2010 to 31st August 2012). 

For the entire after period for both crash severity outcomes considered there were indications of crash 
reductions after activation of the point-to-point speed camera system on each section of the Hume 
Freeway. However, none of these reductions were statistically significant. The largest crash reduction 
was for fatal and serious injury crashes on Section 2 of the Hume Freeway – an estimated relative risk 
of 0.508 or a 49.2% reduction in serious casualty crashes (p=0.126). Similar results were found when 
only the camera active period was considered with non-statistically significant crash reductions 
estimated for each section and each severity level  

It should be noted that Section 3 of the Hume Freeway was not considered in the estimation of relative 
risk/ odds ratios given in Table 18 and Table 19 due to small or zero crash frequencies resulting largely 
from the exclusion of SRIP 3 treated sections of the road from the treatment area defined. 
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Table 18 Estimated relative crash risk at sections of Hume Freeway with point-to-point speed 
camera systems: TOTAL After Period: 1 April 2007 to 1 March 2015 

Crash Severity  Hume Freeway 
Section 

Stat Sig. Relative Risk or 
Odds Ratio 

95% C.I. 

   Lower Upper 

Fatal and 
Serious Injury 

All Sections .181 .683 .390 1.194 

Section 1 .508 .690 .230 2.073 
Section 2 .126 .508 .214 1.210 

Section 4 .644 .836 .392 1.786 

      

All Casualty All Sections .196 .763 .506 1.150 

Section 1 .449 .725 .316 1.664 

Section 2 .224 .665 .345 1.284 

Section 4 .557 .850 .493 1.464 

      

Odds of Fatal 
and Serious 
Injury to All 

Casualty  

All Sections .612 .807 .351 1.853 

Section 1 .894 .892 .167 4.771 

Section 2 .384 .553 .146 2.099 

Section 4 .923 .947 .317 2.830 

 

Table 19 Estimated relative crash risk at sections of Hume Freeway with P2P speed camera 
systems: CAMERA ACTIVE After Period excludes Camera System Switch-off Period 1 November 
2010 to 31 August 2012 

Crash Severity Hume Freeway 
Section 

Stat Sig. Relative Risk or 
Odds Ratio 

95% C.I. 

   Lower Upper 
Fatal and 

Serious Injury 
All Sections .250 .717 .406 1.264 

Section 1 .439 .645 .213 1.956 

Section 2 .246 .595 .248 1.430 

Section 4 .752 .882 .403 1.929 

      

All Casualty All Sections .381 .827 .541 1.264 

Section 1 .408 .701 .302 1.626 

Section 2 .523 .802 .408 1.578 

Section 4 .807 .931 .525 1.651 

      

Odds of Fatal 
and Serious 
Injury to All 

Casualty 

All Sections .477 .728 .304 1.744 

Section 1 .342 .510 .127 2.044 

Section 2 .802 .804 .146 4.417 

Section 4 .781 .848 .265 2.709 

 

Table 18 and Table 19 also give the odds ratio of the fatal and serious injury crashes relative to all 
casualty crashes for each section of the Hume Freeway.  For each section the odds ratio was not 
statistically significant, suggesting that the crash effects given in these tables are essentially the same 
for fatal and serious injury crashes compared to minor injury crashes. 

5.3 COMBINED RESULTS FOR GEELONG ROAD SPEED CAMERAS AND 

HUME FREEWAY POINT-TO-POINT CAMERAS 

The results presented in section 5.2 for the point to point camera system although not statistically 
significant were indicative of crash reductions. Hence it was decided to combine the results obtained 
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for the Geelong Road fixed speed camera crash effects (section 5.1) with those obtained for the point-
to-point cameras in section 5.2 to increase the power of the statistical modelling. The aim of the 
analysis was to obtain an average crash reduction effect across all fixed camera installations on the 
Geelong Rd and Hume Freeway. In undertaking the combined analysis, the statistical methodology 
also facilitated testing of whether crash effects differed between the spot speed cameras on the 
Geelong Rd and the point to point system on the Hume Freeway. Results of previous fixed speed 
camera evaluation presented in Section 2 suggested crash effects associated with the camera might 
be similar, the difference between spot and point to point operation being only the geographical zone 
of influence associated with the camera. The combined analysis provided an opportunity to test this 
hypothesis. 

Table 20 displays the estimated relative crash risk results for speed camera sites on the Geelong Road 
combined with the point-to-point speed camera sections on the Hume Freeway. 

Table 20 Estimated relative crash risk at sections of Hume Freeway with point-to-point speed 
camera systems combined with speed camera sites on Geelong Road – Total After Period: 1 April 
2007 to 1 March 2015 

CRASH 
SEVERITY 

Section Stat Sig. Relative Risk or 
Odds Ratio 

95% C.I. 

   Lower Upper 

Fatal and 
Serious Injury 

All Camera Average .075 .698 .470 1.036 

Geelong Rd .238 .714 .408 1.250 

Hume Section 1 .508 .690 .230 2.073 

Hume Section 2 .126 .508 .214 1.210 

Hume Section 4 .644 .836 .392 1.786 

      

All Casualty All Camera Average .016 .723 .556 .940 

Geelong Rd .038 .697 .495 .980 

Hume Section 1 .449 .725 .316 1.664 
Hume Section 2 .224 .665 .345 1.284 

Hume Section 4 .557 .850 .493 1.464 

      

Odds of Fatal 
and Serious 

Injury Crashes 
to All Casualty 

Crashes 

All Camera Average .810 .936 .546 1.605 

Geelong Rd .909 1.042 .513 2.116 

Hume Section 1 .894 .892 .167 4.771 

Hume Section 2 .384 .553 .146 2.099 

Hume Section 4 .923 .947 .317 2.830 

 

Analysis presented in Table 20 estimated the average crash effects across all enforced sites on both 
the Hume Freeway and Geelong Rd. The estimated relative casualty crash risk of 0.723 was estimated 
- indicating the average crash risk after camera installation was 72.3% that of the pre-installation risk, 
or a 27.7% statistically significant casualty crash reduction (p=0.016). Comparison of the model fit 
estimating the average casualty crash effect across all sites compared with that estimating a crash 
effect for individual sites showed no significant difference (chi-squared(3)=0.577, p=0.906). This shows 
that, within the bounds of statistical accuracy, crash effects are homogeneous across both fixed spot 
speed cameras on the Geelong Rd and the Hume Freeway point to point system within the 
hypothesised areas of influence. 

Similarly, a 30.2% reduction in fatal and serious injury crashes was estimated for all combined sections 
of the Hume Freeway and Geelong Road after installation of the speed cameras (p=0.075). If the 
alternative hypothesis being tested in the analysis was of a crash reduction (rather than a crash 
change) the significance value for the combined fatal and serious injury crash change would be 0.037. 



39 
 

Comparison of model fit values also showed homogeneous crash effects across all sites (chi-
squared(3)=1.052, p=0.789).  

The odds ratios of fatal and serious injury crashes relative to all casualty crashes were not statistically 
significant for any sections of the Hume Freeway or the Geelong Road. This suggests that the 
estimated relative crash risk presented in Table 20 are essentially the same for each level of crash 
severity. 

Reflecting the finding of homogeneous crash effects across both fixed spot and point to point cameras, 
the overall average effects associated with the cameras in Table 20 provide the most accurate 
measure of camera effectiveness derived from the evaluation. Consequently, these estimates have 
been used in the next section to estimate absolute annual crash savings associated with the cameras. 

5.4 ABSOLUTE TRAUMA SAVINGS ASSOCIATED WITH THE GEELONG 

ROAD SPEED CAMERAS AND HUME FREEWAY POINT-TO-POINT 

CAMERAS 

To demonstrate the relative road safety benefits of the Geelong Rd fixed spot freeway camera system 
compared to the Hume Freeway point to point camera system, absolute crash savings associated with 
speed camera enforcement along each road were calculated. Estimated annual crash savings were 
derived by calculating the observed average annual crash frequency in the after-camera installation 
period (from Tables 11, 12 and 14-17), dividing this by the relative risk estimates associated with 
camera installation shown in Table 20 to give the expected after installation period annual crash 
frequency had the cameras not been installed, and then calculating the difference between these to 
give the estimated annual crash savings. The resulting estimates are given in Table 21 for all casualty 
crashes and fatal and serious injury crashes for each road and by road segment on the Hume Freeway.   

Table 21 Estimated Annual Crash Savings Associated With Speed Cameras on the Geelong Rd and 
Hume Freeway 

 

Annual Average 
Crashes After 

Camera 
Installation 

Estimated Annual 
Average Crashes in 
the After Camera 
Installation Period 
had the Cameras 

Not Been Installed 

Annual Crash Savings 

Geelong Rd    

All Casualty 17.8 24.6 6.8 

Fatal and Serious Injury 7.8 11.1 3.4 

Hume Freeway    

All Casualty    

Section 1 46.7 64.6 17.9 

Section 2 2.4 3.3 0.9 

Section 3 1.1 1.6 0.4 

Section 4 4.5 6.3 1.7 

Total 54.8 75.8 21.0 

Fatal and Serious Injury    

Section 1 25.0 35.8 10.8 

Section 2 1.4 2.0 0.6 

Section 3 0.4 0.5 0.2 
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Section 4 2.5 3.6 1.1 

Total  29.3 42.0 12.7 

 

Table 21 shows much greater absolute crash savings associated with the Hume Freeway point to point 
camera system compared to the Geelong Rd spot speed camera network. This reflects the greater 
crash population covered by the point to point system compared to spot speed cameras, with the 
Hume Freeway system covering nearly 80km of road across the four enforced sections. In contrast the 
Geelong Rd camera system effectively covers a total of 10km of road length across the 5 camera 
installations evaluated which represents about 20% of the total road length. Despite this, the Geelong 
Rd cameras appear to be well placed covering around 37% of the total crash population. It is of note 
that if the Geelong Rd system was operated as a point to point camera system and could cover all 
crashes on the road, estimated crash savings would be commensurate with the Hume Freeway point 
to point system albeit on a shorter but more trafficked road segment. 
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6. DISCUSSION 

Fixed speed cameras are a widely used tool for speed enforcement in Victoria, applied to sites where 
there is a concentrated and sustained speeding problem leading to high crash outcomes at the site. 
This study has evaluated the effectiveness of fixed speed cameras deployed in two different ways: as 
single point applications enforcing speed at a single site and its immediate area and linked in sets as a 
point to point system enforcing speeds over an extended length of road. The evaluation aimed to 
assess the change in crash risk associated with installation of each type of fixed speed camera and to 
establish whether effectiveness differed between the camera types. 

6.1 FIXED SPEED CAMERAS ON THE GEELONG ROAD 

Evaluation of fixed spot speed cameras has focused on the cameras installed on the Geelong Road at 
4 locations (8 banks of fixed camera sites at 4 locations from starting from Millers Road Gantry, Altona 
and ending at Avalon Road Bridge, Avalon). Fixed speed cameras are installed on many more roads in 
addition to the Geelong Road including the Western Ring Road, the CityLink Tunnels, the EastLink 
Tunnels and the Monash Freeway. However, due to insufficient crash numbers, inadequate or no prior 
crash history and various disruptions of camera systems due to road works and cameras being 
switched off for extended periods, the only road that offered an unbiased assessment of impact of 
fixed spot speed cameras was the Geelong Road (Princes Freeway West).  

Limiting the evaluation to the Geelong Road had a clear impact on statistical analysis power. However, 
as evident from the analysis outcomes (Table 13), statistically significant reductions in all casualty 
crashes associated with camera installation were still able to be identified. The same was not true 
when considering only fatal and serious injury crashes where the estimated crash effects associated 
with the cameras was similar in magnitude to that derived from all casualty crashes but was not 
statistically significant. Analysis across a wider number of sites may have produced a significant crash 
estimate for fatal and serious crashes however there was no way to include these sites due to the 
confounding influences noted. As shown in Table 7, a number of previous studies have also been 
limited in their ability to assess the impact of fixed spot speed cameras on more serious crashes, most 
likely a reflection of the limited length of road network, typically 0.5 to 2km per camera, and hence 
crash population typically influenced by these cameras. Future evaluation of the Geelong road fixed 
cameras using a longer after installation study period might be able to address the lack of statistical 
power in the analysis of more serious crashes. 

Although not reported explicitly, the choice of halo of influence hypothesised for the Geelong Road 
spot speed cameras was also tested beyond the 1km radius results reported. Halos of 2km and 3km 
were also investigated but analysis found no evidence of crash effects at these greater distances 
justifying the final choice of the 1km halo reported. Based on the lack of measured crash effects at 
these greater distances, it was decided to include areas more than 1km from the camera site in the 
comparison areas to improve statistical power of the analysis. 

A further issue with using only a single road for the analysis is the ability to generalise the results of 
the evaluation to other fixed camera sites. For this study this is best assessed by comparing the 
estimates obtained with those from previous evaluations of similar camera installations. Table 7 
summarises the evidence from previous studies and shows estimated crash reductions associated with 
fixed spot speed cameras on urban roads of between 17 and 46%. These estimates are consistent with 
those from the current study within the bounds of statistical accuracy. This suggests the results from 
the current study are likely to be able to be generalised to other camera installations, particularly 
those on a similar freeway environment which includes all other fixed spot speed camera installations 
in Victoria. 
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The validity of the results obtained in this study are dependent on the rigour in which the quasi-
experimental study design has been applied. In particular, how well the selected comparison area 
represents the impact of factors other than the speed camera on crash outcomes at the camera sites 
and how these have changed over time. Being able to use other areas of the same road on which the 
cameras were placed, including areas between camera locations, presents a particularly strong 
analysis design since it inherently controls for important factors such as road characteristics and traffic 
flow that can influence crash outcomes. Furthermore, since many vehicles traverse large stretches of 
the road, the same vehicles are likely to be using both treatment and control section providing a highly 
robust analysis design. Due to the unique nature of the road in the broader locality there is also 
unlikely other impacts such as traffic migration confounding estimates. 

6.2 POINT-TO-POINT SPEED CAMERAS ON THE HUME FREEWAY 

Although there are now two point to point speed camera systems in Victoria, one on the Hume 
Freeway and the other on Peninsula Link, the installation on the Hume Freeway was the only of the 
two to have sufficiently long after installation history to be considered in the analysis. Further 
evaluation in the future may be able to consider the crash effects associated with the Peninsula Link 
installation which is of importance given the lack of statistical significance of the crash estimates for 
the Hume Freeway camera system.  

Statistical power issues observed in the current study for the point to point camera system were also 
exacerbated by the confounding effects of black spot treatment works carried out under the SRIP 
program within the point to point system. This represented a particular problem in Section 3 of the 
camera system necessitating that a large proportion of the treated area in Section 3 be excluded from 
the analysis. Confounding SRIP works were also the reason for excluding the road length from 
Broadford to Seymour from the control group. 

Despite the lack of statistical significance of the estimated crash effects, analysis results were 
indicative of a crash saving associated with the point to point camera system of between 16 and 49% 
across the various sections. These estimates were broadly consistent on average and within statistical 
accuracy with the estimates for the Geelong Rd camera hence prompting the combined analysis across 
the two camera types discussed further below. 

Despite the inability to include the section of road immediately north of the point to point camera 
system as a comparison area, the choice of control is generally considered robust for the study with 
the physical road characteristics of the comparison road length being very similar to the treatment 
area due to it being part of the same road. Like the Geelong Road, many of the vehicle travelling in 
the treatment area will be the same as those traversing the comparison length hence providing a 
robust control. 

Having periods of camera inactivity in the post implementation period of the Hume Freeway system 
provides a potentially informative contrast for assessing the mechanism of point to point camera 
effectiveness. Comparison of results in Tables 18 and 19 shows little difference in estimated associated 
crash effects when excluding the period of camera inactivity suggesting there is a strong crash 
deterrence from simply having the camera infrastructure and associated signage in place. This suggest 
cameras can be inactive for periods without any detrimental effects on deterrence. Whether this 
would remain the case if the cameras remained inactive for an extended length of time, say a number 
of years, remains unclear. 
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6.3 COMBINED GEELONG ROAD FIXED CAMERAS WITH HUME FREEWAY 

POINT-TO-POINT CAMERAS 

Although the estimated net crash reductions at the point-to-point camera sites on the Hume Freeway 
were not statistically significant they were indicative of crash benefits, hence it was decided to 
combine the results obtained for the Geelong Road fixed speed cameras with those obtained for the 
point-to-point cameras to increase the power of the statistical modelling. Combining the analysis also 
allowed testing of the homogeneity of crash effects between the two camera types. 

Analysis of the combined camera effects showed statistical homogeneity of crash effects associated 
with the cameras across the 2 camera types. Highly statistically significant reductions in all casualty 
crashes associated with the cameras of nearly 28% were estimated. Associated effects on fatal and 
serious casualty crashes of a similar magnitude were also estimated which were approaching 
statistical significance (p=0.075). Hence, analysing the average effects across both camera types and 
showing this to be homogeneous provided a much more robust estimate of camera crash effects. 

Based on the overall average percentage crash savings, estimated absolute annual crash savings were 
calculated to highlight the relative road trauma benefits of the two different types of camera 
installation. This analysis showed clearly (Table 21) that although each camera was associated with 
the same percentage crash saving, the greater geographical area of influence of the point to point 
camera system produced higher absolute crash savings than the fixed spot camera system when 
placed on similar high traffic and crash history roads.  This is despite the observation that the Geelong 
Road spot cameras seem to be well targeted at the highest crash risk section of roads, with 37% of the 
total crash population being covered on only 20% of the road length influenced by the cameras.  

These results point to operational principles by which the choice of camera type for installation should 
be made. Spot speed cameras are generally most effective on road segments where crashes a highly 
concentrated on a small length of road. In comparison, point to point cameras are better deployed 
where the crash population is more diffuse along a greater length of road. Overall, both camera types 
represent an effective mechanism for speed enforcement which produces measurable and consistent 
road safety benefits. 
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7 CONCLUSIONS 

This aim of this study was to evaluate the road safety benefits of fixed speed cameras in operation in 
Victoria in terms of their impact on crash frequency and severity. Fixed speed cameras in Victoria are 
operated on a number of freeways and toll roads across Victoria and encompass two specific types of 
technology: fixed spot speed cameras which measure the instantaneous speed of vehicles at the 
camera site and point to point cameras which measure average vehicle speeds across an extended 
length of road. Evaluation focused on camera installations on two roads; fixed spot speed cameras at 
4 locations on the Geelong Rd (Princes Freeway) and the point to point speed camera system on the 
Hume Freeway covering the freeway from Epping to Broadford. These road sections were chosen for 
evaluation based on sufficient before and after installation crash history and being free from other 
confounding influences at the camera sites.  

Analysis results showed that the estimated proportional crash reduction effects associated with fixed 
spot cameras were statistically the same as those estimated for the point to point system. The only 
difference between spot speed cameras and the point to point system was the geographical area of 
influence over which associated crash reduction effects were estimated. For fixed spot speed cameras, 
measured crash effects were limited to within 1km either side of the camera site. For point to point 
cameras, crash effects extended along the whole length of road enforced by the camera system and 
were not constrained to the actual camera locations at each end of the enforced section. 

Evaluation results estimated a 27.7% statistically significant reduction (p=0.016) in all casualty crashes 
associated with fixed speed camera installations. A corresponding 30.2% reduction in fatal and serious 
injury crashes was estimated however, this was not statistically significantly different from the 
estimate for all casualty crashes combined, suggesting the cameras are associated with uniform crash 
reduction effects across all crash severity levels. Absolute crash savings associated with the Hume 
Freeway point to point camera system were much greater than those estimated on the Geelong Rd 
spot speed camera network with annual estimated reductions of 21 and 6.8 casualty crashes 
respectively associated with the cameras. This reflects the greater crash population covered by the 
point to point system compared to spot speed cameras, with the Hume Freeway system covering 
nearly 80km of road across the four enforced sections. In contrast the Geelong Rd camera system 
effectively covers a total of 10km of road length across the 5 camera installations evaluated which 
represents about 20% of the total road length. Despite this, the Geelong Rd cameras appear to be well 
placed covering around 37% of the total crash population. 

Similarity between the camera sites evaluated and other sites of fixed speed camera installation in 
Victoria mean the evaluation results are likely to be representative of the proportionate road safety 
benefits achieved at other sites not evaluated. 



45 
 

8 REFERENCES 

A77SG (2007). Casualties halved on A77 – SPECS: End of 2nd year casualty statistics, A77 Safety Group., 
News Release, 26 October 2007. 

A77SG (2008). SPECS continues to reduce A77 casualties: 3 year results published today, A77 Safety 
Group, News Release, 27 October 2008. 

ARRB (2005). “Evaluation of the fixed digital speed camera program in NSW (RC2416)”. Roads and 
Traffic Authority, New South Wales. 

Budd, L., Scully, J & Newstead, S. (2011). Evaluation of the crash effects of Victoria’s fixed digital 
speed and red-light cameras. Report No, 307, Monash University Accident Research Centre, 
Melbourne, Australia 

Cameron, M. H., Cavallo, A., & Gilbert, A. (1992). Crash-based evaluation of the speed camera 
program in Victoria 1990-1991 - Phase 1: General effects, and Phase 2: Effects of program 
mechanisms. Report No. 42). Monash University Accident Research Centre, Melbourne, Australia 

Cameron, M.H. and Delaney, A. (2006).  “Development of strategies for best practice in speed 
enforcement in Western Australia: Final Report”.  Report to Department of Premier and Cabinet, 
Office of Road Safety, Western Australia. Report No. 270, Monash University Accident Research 
Centre. 

Diamantopoulou, K., Clark, B. & Cameron, M. (2009). Research into Aspects of a new Victoria Police 
Traffic Enforcement Model: Part 1: Review of National and International Enforcement Activities and 
Models. Report to Victoria Police, Monash University Accident Research Centre. 

Diamantopoulou, K. and Corben, B.F. (2001). The Impact of Speed Camera Technology on Speed Limit 
Compliance in Multi-lane Tunnels. Proceedings of the 12th International Conference - Traffic Safety on 
Three Continents, September 19-21, 2001, Moscow, Russia. 

DJCS (2019) Cameras Save Lives online https://www.camerassavelives.vic.gov.au/ Department of 
Justice and Community Safety, last accessed April 30th 2019. 

Elvik, R. (1997) Effects of accidents of automatic speed enforcement in Norway, Transportation 
Research Record 1997: 1571:1-19 

Gains, A, Humble, R, Heydecker, B, and Robertson, S (2003). A cost recovery system for speed and red-
light cameras – two year pilot evaluation. Research paper, 11 February 2003, prepared for Department 
for Transport, Road Safety Division, U.K.  PA Consulting Group and University College London. 

Gains, A., Nordstrom, M., Heydecker, B. and Shrewsbury, J. (2005).  The national safety camera 
programme: four year evaluation report. London: PA Consulting Group and University College London. 

Hauer, E. (1997). Observational before-after studies in road safety: Estimating the effects of highway 
and traffic engineering measures on road safety (First ed.). Oxford, U.K.: Pergamon 

Hilbe, J. (2007). Negative Binomial Regression. Cambridge: Cambridge University Press. 

Hoye, A. (2014).  Speed cameras, section control, and kangaroo jumps – a meta-analysis. Accident 
Analysis and Prevention, Vol. 73, pp. 200-208. 

IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: IBM Corp. 

Jarrett, D. (1997). Assessing the safety effect of treatment using data from a number of sites. Paper 
presented at the Traffic Safety on Two Continents Conference. 

Keenan, D. (2002) 'Speed cameras - the true effect on behaviour', Traffic Engineering & Control, 43, 
pp154-160 

https://www.camerassavelives.vic.gov.au/


46 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

Kent, S., Corben, B., Fildes, B. & Dyte, D. (1995) Red Light Running Behaviour at Red Light Camera and 
Control Intersections Report No 73, Monash University Accident Research Centre, Melbourne, 
Australia 

Maher, M. and Mountain, L. (2009) The sensitivity of estimates of regression to the mean. Accident 
Analysis and Prevention, 41, 861-868. 

Newstead, S. and Cameron, M. (2013). Crash effects of the Queensland Camera Detected Offence 
Program. Proceedings of the 2013 Australasian Road Safety Research, Policing & Education Conference 
28th – 30th August, Brisbane, Queensland 

Newstead, S.V., Budd, L. & Cameron, M.H. (2014). Evaluation of the Queensland Camera Detected 
Offence Program (CDOP): 2009-2012. Report to Department of Transport and Main Roads, 
Queensland. 

Nicholson, A. J. (1985). The variability of accident counts. Accident Analysis and Prevention, 17(1), 47-
56.  

Nicholson, A. J. (1986). The randomness of accident counts. Accident Analysis and Prevention, 18(3), 
193-198.  

Rogerson, P., Newstead, S. N., & Cameron, M. H. (1994). Evaluation of the speed camera program in 
Victoria 1990-1991. Phase 3:  Localised effects on casualty crashes and crash severity.  Phase 4:  
General effects on speed Report No. 54, Monash University Accident Research Centre, Melbourne, 
Australia 

RTA: Road and Traffic Authority (2006) “Fixed Speed Cameras”. Available: 
(http://www.rta.nsw.gov.au/roadsafety/speedandspeedcameras/fixeddigitalspeedcameras/index.ht
ml Accessed: 11 May 2006).   

Simpson, E. H. (1951). The Interpretation of Interaction in Contingency Tables. Journal of the Royal 
Statistical Society, Ser. B, 13(1951), 238-241.  

Soole, D., Fleiter, J., and Watson, B. (2012). Point-to-Point Speed Enforcement (AP-R415-12). 
Austroads, Sydney. 

Soole, D., Watson, B., and Fleiter, J. (2013). Effects of average speed enforcement on speed 
compliance and crashes: A review of the literature. Accident Analysis and Prevention, Vol. 54, pp. 46-
56. 

Wilson, C., Willis, C., Hendrikz, J. K., Le Brocque, R. & Bellamy, R. (2010) 'Speed cameras for the 
prevention of road traffic injuries and deaths (Review)', Cochrane Database of Systematic Reviews  The 
Cochrane Collaboration Published by John Wiley and Sons, Ltd, Art. No. CD004607 (Issue 10) 

Wood, G. R. (2002). Generalised linear accident models and goodness of fit testing. Accident Analysis 
and Prevention, 34, pp. 417-427.  

http://www.rta.nsw.gov.au/roadsafety/speedandspeedcameras/fixeddigitalspeedcameras/index.html
http://www.rta.nsw.gov.au/roadsafety/speedandspeedcameras/fixeddigitalspeedcameras/index.html


47 

 

 APPENDIX A: SPEED CAMERA-ON DATES FOR GEELONG ROAD SPEED CAMERAS 

                                        

              

 

 

2006 2007 2008 2009 2010 2011 2012 2013 2014

jan GF (GH) GA GB GA GC GA

feb GB GD GG GH GA GB GD GF GA GB GC GD GG GC GG (GA) GA

mar GA, GB, GH GD GF GD GG GD GC (GA) GC GD GD

apr GF (GH) GC GD GE GD GF GG GC GA GE GH GD GE GC GD GE GH

may GC, GE GB GC GD GE GB GC GD GE GB GA GB GC  GD GG GA GB GE GG

jun GD GF GB GE GE GH GA (GE) GB GA GB GA GB GE GH

jul GD, GE, GF (GB, GG, GH) GD (GH) GG GA GB GE GG GH GB GB GA GA GB GH

aug (GC) GD GA GD GG GH GD GF GH GB GD GF GA GD GF GA GF GH

sep GC GA GB GC GD GE GF GG GH (GA) B (GD) GF GG (GH) GA GD GG GH GA GA GG GD GG GA GC GG GH

oct GB, GE, GH GA GB GC GD GE GF GG GH GA (GC) GF GG GH GA GC GE GF GG GH GC GH GC GD GH GA GC GH

nov GA GA GB GD GF GH GB GG GH GC (GE) (GG) GH GH GC GD GH GA GD GH

dec GA, GG GA GD GF GB GG GG GH GC GH GH (GH) GA GB GD GG GH
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