
 

 

 

 

 

 

 

 

EVALUATION OF ACCIDENT BLACK 
SPOT TREATMENTS 

 

 

 

by 

Bruce F. Corben 
Charles Ambrose 

and 
Foong Chee Wai 

 

 

 

February 1990 

 

Report No. 11 

ACCIDENT RESEARCH CENTRE



ii MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 

[This document has been created through Optical Character Recognition by Glenda Cairns.  
Every attempt has been made to correct any recognition errors, and we apologise if any 
have been missed.] 



EVALUATION OF ACCIDENT BLACK SPOT TREATMENTS iii 

MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE 
REPORT DOCUMENTATION PAGE 

 
Report No. Date ISBN Pages 

11 February 1990 0 7326 0010 3 16 
Title and sub-title: 
Evaluation of Accident Black Spot Treatments 
 
Author(s): 
Corben, B.F., Ambrose, C. and Foong, C.W. 
 
Sponsoring Organisation: 
VicRoads  
 
Abstract: 
 
In 1979 an Accident Black Spot Program was initiated in Victoria. The program aims to reduce the incidence 
and severity of casualty accidents at locations with a bad accident record through the use of low cost, highly 
effective crash countermeasures. 

The primary purpose of this study is to evaluate the effectiveness of particular types of treatments at various 
types of locations, with a range of accident types. Effectiveness is measured in terms of both changes in 
reported casualty accident frequencies and economic worth of the treatments implemented. 

An efficient, computer-based method for evaluation has been developed as part of this study. The results 
provide practical and objective information for the refinement of the methods for selection of sites and 
treatments and, ultimately, to intelligently set directions and establish appropriate emphases for the program. 

The accident evaluation indicates that the intersections component reduced casualty accident occurrence by 
33% overall. Substantial casualty accident savings were derived from new roundabouts (81% reduction), new 
intersection signals (53%) and remodelled intersection signals (33%), with fully controlled right-turn phases 
seeming to contribute the bulk of the savings for remodelled signals. The treatment of intersections outside of 
the Melbourne Metropolitan area produced a 69% reduction, compared to a 30% reduction in the 
Metropolitan area. 

The main findings of the economic evaluation are that the intersections component of the Program resulted in 
BCR values of 8.8 overall, 7.1 for intersections in Metropolitan Melbourne and 19.1 for intersections outside 
of the Metropolitan area. BCR values of 7.5 for new roundabouts, 8.2 for new intersection signals, and 22.1 
for the remodelling of existing signals were achieved. The evaluation found average NPW values per 
treatment of $0.72 million overall, $1.25 million for new roundabouts, $1.06 for new intersection signals and 
$0.85 million for remodelled intersection signals. 

The treatment of midblock locations was unsuccessful overall in reducing casualty accident frequency at 
treated sites. This aspect warrants more detailed study. 
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1.0 INTRODUCTION 

In 1979 an Accident Black Spot Program was initiated in Victoria, after attention had been 
drawn to the highly successful operation of this type of approach in Europe, England and 
the U.S.A. (Conn and Vulcan (1978)). In Victoria, the program aims to reduce the 
incidence and severity of casualty accidents at locations with a bad accident record. 
Though the major emphasis of the program is on low cost, highly effective crash 
countermeasures, higher cost treatments have also been used where economically justified. 

The early development of the program was directed at establishing technical and 
organisational procedures, and applying these procedures in the treatment of a range of 
black spot location types. The program has grown progressively from approximately 4 
sites treated in 1979/80 to 256 sites, at a cost of about $9 million in 1986/87. By 1989/90, 
over $17 million had been allocated for safety improvements at black spot locations. 

An evaluation of the road safety effects for a sample of 46 accident black spot treatments, 
implemented in the period 1980- 1985, has reported a 41% overall reduction in casualty 
accidents, with accident savings some ten times higher than the amortised costs 
(Richardson (1987)). The sample studied consisted mainly of traffic signal 'remodels and 
new signal installations. 

1.1 STUDY OBJECTIVE: 

The primary purpose of this study of the Accident Black Spot Program is to evaluate the 
effectiveness of particular types of treatments at various types of locations, with a range of 
accident types. Effectiveness is measured in terms of both charges in reported casualty 
accident frequencies and economic worth of the treatments implemented. 

1.2 SIGNIFICANCE OF THE RESULTS: 

The results provide practical and objective information for the refinement of the methods 
for selection of sites and treatments under the program. Ultimately, this information is 
necessary to intelligently set directions and establish appropriate emphases among a range 
of traffic engineering safety programs and projects competing for available funds. 

The study also provides an evaluation of the overall program over a wider range of 
treatment types, a much larger number of sites and a longer 'after' period than the initial 
sample study of 46 sites. 
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2.0 STUDY METHOD 

The study method is based on a "before and after" comparison of reported casualty 
accident frequencies at locations treated under the Accident Black Spot Program since its 
inception in 1979. The analyses also included the estimation of economic worth of 
individual treatments and of other treatment groupings. Various aspects of the method are 
discussed below:  

2.1 DATA COLLECTION: 

Data were collected from various sources from within Vicroads, but principally from the 
Corporation's Program Management System (PMS) and the State Traffic Accident Record 
(STAR). 

2.1.1 The Program Management System: 

PMS is a computer data base containing information on various traffic management 
programs for which Vicroads has responsibility. It includes locations identified for 
investigation and possible treatment under the Black Spot Program. Among the 
information contained in the data base are the location, the type of treatment, the date of 
completion of the treatment and its capital cost - all key items in the evaluation. It was 
initially expected that a large proportion of the Black Spot Program would be evaluated 
through this study, but the PMS lacked information on critical data items for many 
treatments. 

The PMS data were therefore supplemented by collecting information from other sources, 
such as location files, Memorandum of Consent records and various historical records from 
the early years of the program. This was only partly successful and, as a result, many 
treatments could not be evaluated unless an inordinate amount of time was spent on 
manual data collection, with limited probability of success. Nevertheless, it is believed that 
the results of the evaluations, which were able to be undertaken, are indicative of the 
Program’s performance overall. 

2.1.2 The State Traffic Accident Record: 

Accident histories for the locations which could be evaluated were obtained from the 
STAR, a computer data base containing details of accidents reported to the police (a 
description of the accident data base is given in Corben and Ashton (1984)). 

The relevant accident data were obtained by computer match-merging (by the location 
street names) the treatments file with the accidents file. The accident data for the relevant 
"before and after" treatment periods were merged with the treatments file for all locations 
where a successful match of street names was achieved. 

Major difficulties were encountered in this process due to the following problems: 

• street names in PMS often did not precisely correspond to street names in the STAR, 
thereby preventing a completely successful match of the data; 

• street naming convention in the STAR, particularly the order of naming of the streets, 
changed during the evaluation period for many locations; 
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• only limited use could be made of grid references due to changes in referencing 
convention and in maps during the evaluation period. 

Consequently, manual accident data extraction and entry were required, thus affecting 
efficiency of data base establishment and in some extreme cases, preventing locations with 
other key information available from being included in the analysis. 

2.2 THE FINAL DATA BASE: 

Following the completion of the data collection phase, as described above, there was a total 
of 175 treatment locations for evaluation. These were made up of 116 intersections and 59 
road lengths. A full listing of the sites included in the data base is contained in Appendix 1, 
together with their respective treatment details. 

The data base was created using SAS (SAS Institute Inc., 1985:1, manipulated using 
Microsoft Excel (Microsoft Corporation, 1987) and later converted back into SAS format 
for statistical analysis. The statistical analysis technique was developed from Tanner's 
method and is described in Section 2.3. 

2.3 METHOD OF STATISTICAL ANALYSIS: 

Two basic methods exist for evaluating countermeasure effectiveness - conventional and 
Bayesian methods. Often Regression-to-the-Mean effects are calculated using Bayesian 
methods and incorporated in an otherwise conventional analysis. Both methods are 
necessarily based on a "before and after" approach with the use of control groups (Teale, 
1984). 

The usual procedure for conventional methods is to use the control ratio (as defined later in 
Section 2.3.2) and the before period accident record to estimate the expected number of 
crashes in the after period, calculate the difference between the expected and actual 
numbers of crashes for the treatment group in the after period, calculate chi-squared values 
and determine a level of significance from these. 

Bayesian methods have gained popularity in European countries where criticism of 
conventional methods is strong. Hauer (1981), for example, has been outspoken in his 
criticism of the use of arbitrary significance levels/null hypothesis testing which underpins 
conventional techniques. 

Despite this, only partial use of Bayesian methods (mainly in the determination of 
Regression-to-the-Mean effects) has been more generally adopted. Reticence for a fuller 
use of the method probably lies in "the difficulty of incorporating control group 
information " (into the analysis), as discussed by Abbess et. al. (1981). 

The most satisfactory conventional method found was by Tanner (1958). 

2.3.1 Tanner's Method: 

Tanner (1958) proposed an analysis method for estimating the average effect on accident 
frequencies before and after changes are made at a number of sites. The method 
incorporates the use of control ratios but does not account for changes in traffic exposure 
nor Regression-to-the-Mean effects. As described below, the latter two issues were dealt 
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with separately in this study. For a detailed explanation of Tanner's method, the reader is 
referred to the original paper (Tanner, 1958). 

In general, before and after periods were chosen in this study to each be three years, except 
in the case of sites treated in 1985/86, for which only two years of accident data were 
available.  For 1985/86 treatments, three year before periods and two year after periods 
were used.  Scaling adjustments were carried out to forecast 'actual' three year casualty 
accident frequencies after treatment, from the actual two year frequencies after treatment. 

In many cases, reliable dates for the completion of treatments were unavailable from PMS 
or other sources. In order to define before and after periods in a meaningful way and to 
increase reliability, the second-mentioned calendar year, in the financial year of treatment, 
was designated as the "treatment year". The "treatment year" was then excluded from the 
analysis in the knowledge that, in reality, most treatments in any financial year were 
completed in the latter months (say, February to June) or in the early months of the next 
financial year (say, July to September). This assumption has the added advantage, in most 
cases, of allowing for pre- and post-treatment "settling-in" periods. 

The before period was, therefore, able to be defined as the three calendar years prior to the 
"treatment year" and the after period as the three (or, in the case of 1985/86 treatments, 
two) calendar years following the "treatment year". 

2.3.2 Control Groups: 

As mentioned above, Tanner's method includes the use of control groups within the 
analysis.  Control groups in this study comprise reported casualty accident totals for the 
municipality in which the treated location is situated. The individual control ratio for each 
treatment was formed from before and after periods exactly matching the before and after 
periods of the treated site. 

The expected number of crashes in the after period for each treated site is given by the 
product of its 'before' casualty crash frequency and its corresponding control ratio (i.e. total 
casualty crash frequency in the municipality during the after period / total casualty crash 
frequency in the municipality during the before period). 

The control ratios and expected casualty crash frequencies for each treatment are contained 
in Appendix 1. 

2.3.3 Estimating Exposure: 

Adequate volume data were not available (or, more likely, did not exist) to enable account 
to be taken of exposure in the evaluation of treatment effectiveness. Sites known to have 
experienced substantial changes in traffic volumes were deleted from the analysis, 
consistent with the approach adopted by Teale (1984). There were relatively few sites in 
this category. 

Furthermore, the view was taken that, if a treatment changes crash frequencies because of a 
change in exposure resulting from the treatment, then this component of the change in 
crash frequency ought to be included in the measurement of the overall effect of the 
treatment.  That is, the overall effect of the treatment is made up of a component due to the 
intrinsically different safety performances of the location before and after treatment, and an 
equally legitimate component due to any exposure changes resulting from the treatment. 
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For these reasons, estimates of effectiveness of various treatment types include a 
component due to exposure changes. A discussion of issues relating to exposure are 
contained in Appendix 2. 

2.3.4 Accident Migration and Risk Compensation: 

The preceding section concludes that effects due to exposure changes could rightfully be 
regarded as an intrinsic part of the overall effect of a treatment. This hypothesis, however, 
does not accommodate accident changes at surrounding sites, resulting from exposure 
changes at the treated site. 

Where a particular site is treated, it is argued (Boyle and Wright, 1984) that the change will 
lower drivers' perception of risk and consequently increase the likelihood of crashes 
downstream, that is, in the area immediately surrounding the treated site. Hence, it has 
been suggested that rather than there being a reduction in crashes, there is merely a transfer 
to other locations. Obviously if all or a representative number of sites in the given area are 
under study and not just one or two, the effect is accounted for (and there would be 
concluded to be no change, given the theory).  

Maher (1987), however, argues that the apparent increase in crashes at surrounding sites is 
simply another manifestation of the regression to the mean effect (in this case the selected 
sites are biased compared with those immediately adjacent to untreated ones). 

A more substantial evaluation than could be undertaken here would be needed to quantify 
the accident migration component of treatment effect. This does not seem to be warranted 
given the relatively large size of the treatment effects. 

2.3.5 Regression-to-the-Mean: 

If black-spot sites are selected on their immediate prior history then such a selection will 
include not only those sites with an abnormally large true mean accident rate, but those 
sites which are randomly high due to statistical fluctuation. It is highly likely that, for a 
large proportion of similarly selected sites, crashes in the period after selection will drop, 
irrespective of any treatment or its effectiveness 

The effects of "Regression-to-the-Mean" (RTM) have been well documented, particularly 
amongst proponents of Bayesian Methods (for example Hauer, 1981). 

On the basis of work reported by Nicholson (1986), at least three, and desirably five, years 
is the preferred before/after time period required to smooth out arty random fluctuations as 
well as providing sufficient evidence of any trend or change in an established pattern of 
accidents.  If only lesser periods are available, the RTM effects should be estimated, in 
terms of expected accident reduction, and subtracted from actual accident reduction to 
arrive at any underlying "real" effects. 

Estimation of the R TM effect is itself subject to error and thus adjustment of crash effects 
should be made with this in mind. 

The majority of locations being evaluated in this study were identified on the basis of their 
five year casualty accident histories and, therefore, the effects of RTM are likely to be 
small.  Furthermore, there has tended to be at least 18 months lag between the time of 
identification and the introduction of the treatment and an additional six months lag in the 
availability of up-to-date crash records from the STAR. When this is taken into account, 
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together with the manner in which "treatment year" is defined, the analysis would have 
used mainly different years in the before period to those used to identify the location as a 
black spot. Hence, any over-estimation of the effect of a treatment due to RTM is assessed 
as minimal. 

Richardson (1987) estimated the size of the RTM bias for a sample of 46 black spots, the 
majority of which were treated with new signals or improvements to existing signals. He 
found that, had RTM bias not been taken into account, treatment effectiveness would have 
been over-estimated by 5%. 

Procedures for the estimation of RTM effects are described in Appendix 3. These 
procedures were applied to a subset of the sample of 116 intersection treatments, with the 
results shown in Appendix 4. The subset comprised 62 intersections which were signalised 
prior to treatment, situated in the Melbourne Metropolitan area and had four approach legs. 
A reasonably homogeneous subset was chosen to reduce the variability in the estimate of 
the RTM effects (Nguyen, 1986). The results indicate that the estimates of effectiveness 
are conservative, i.e. tending to under-estimate treatment effectiveness by approximately 
9%. Part of the reason for this may lie in the fact that the RTM analysis was carried out on 
accident data which were essentially from different periods to the data used to identify the 
site as a Black Spot in the first instance. 

In summary, the results are presented without adjustments for RTM, though estimates of 
the effect are available for information in Appendix 4. The RTM effects were not 
estimated for other than this subset, as the number of locations in any other 
"homogeneous" subset were too low for reliable results. 

2.3.6 Categorisation of treatment types: 

A basic aim of the study is to estimate the effectiveness of particular treatment types.  
Because most black spots analysed had been subject to a combination of individual 
treatments, the number of possible treatment "sets" was high and consequently reduced 
accident numbers in each set to an infeasibly low level for analysis. 

A compromise was adopted. It involved the development of coarser groupings based on the 
treatment assessed as being the "dominant" treatment in the collection of measures 
implemented. Sites with one or more treatment types could then be incorporated into the 
group on this basis. Obviously the coarser the categories, the greater the loss of accuracy in 
what could be concluded about individual treatment types. Conversely, the increase in 
sample size improves the accuracy of the analysis itself. 

2.4 METHOD OF ECONOMIC ANALYSIS: 

In addition to the above analyses, which evaluated the effect of accident black spot 
treatments on reported casualty accident frequencies, the study also estimated the 
economic worth of the program and, where possible, of individual program components, in 
terms of Benefit-Cost Ratios and Net Present Worth values. 

These two measures of economic worth are based on the same set of assumptions but 
simply express the results using different indicators. Given the scope of the project and the 
range of treatment types being evaluated, a number of simplifying assumptions were made 
in the economic evaluations. These assumptions are summarised below: 
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1. Monetary values of benefits and costs are expressed in present day (1989) values. 

2. Because the study evaluated the effectiveness of treatments on casualty accident 
totals, average casualty accident costs, rather than costs by accident type, were used 
in the economic evaluation. The monetary value of an average casually crash is: 

• $53,500 for urban areas, 

• $84,000 for rural areas. 

These estimates were derived by increasing, by a nominal 7% for inflation, the 
average costs recommended for use in such analyses by the Road Traffic Authority 
(1988). 

3. The estimated annual reported casualty accident savings ($'s;) = A * (B-C) 

where, A = average cost of a casualty accident; 
B = expected number of reported casualty accidents per annum after 
treatment, and 
C = actual number of reported casualty accidents per annum after treatment. 

4. The monetary value of any significant travel time, vehicle operating cost, air or 
noise pollution impacts have not been included in the economic evaluation (while 
these values are not known, they are unlikely to be large for most of the treatments 
analysed). 

5. The maintenance costs of various treatment types are as follows: 

• - new intersection signals $8,000 per year; 

• - remodelled intersection signals, $2,000 per year (for additional detectors, 
globes and power); 

• - other treatment types, 10% per year of the capital cost of treatment. 

6. Future year's benefits and costs have been discounted at the rate of 4% per annum 
to express project impacts in present day values. This is the currently recommended 
rate of the Victorian Department of Management and Budget. 

7. The average project life of each treatment is ten years, with the exception of 
delineation treatments which were assumed to have an effective project life of three 
years only. (Some project types, notably roadworks improvements, typically have 
physical lives considerably in excess of ten years, however, traffic growth/land use 
changes and other factors often necessitate that further improvements be made 
before the full project life is realised). 
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3.0 RESULTS OF ACCIDENT ANALYSIS 

This section summarises the results of the analyses of accident frequency change described 
in Section 2.0. The sample of treated sites, for which sufficient data could be obtained, 
were evaluated by location type (i.e. intersections and midblocks), by treatment type and 
by geographic area (i.e. metropolitan Melbourne and non-metropolitan Melbourne). The 
full results of the analyses are detailed in Appendix 5 and Appendix, 6, with the main 
findings summarised below. 

3.1 ANALYSIS OF INTERSECTIONS BY TREATMENT TYPE: 

Treated locations were evaluated separately, according to whether the treatments were 
implemented at an intersection or within a midblock location. 

The sample of 116 locations included in the intersections analysis showed a 33% (highly 
significant p<0.0001) reduction in casualty accident frequencies overall. The expected 
number of reported casualty accidents after treatment is 1513 compared with an actual 
number of 1007. This result corresponds to an estimated 506 casualty accidents saved over 
a three year period, or an average casualty accident saving per intersection treatment per 
year of 1.5. 

Reported casualty accident data for treated intersections were analysed by individual 
treatment type (refer to Section 2.3.6 for categorisation method). The results of these 
analyses are contained in Appendix 5. 

The major findings of the intersections analysis are: 

• an 81% (highly significant, p<0.001) reduction in casualty accidents from new 
roundabouts. The estimated number of casualty accidents prevented is 2.4 per 
roundabout per year; 

• a 53% (significant, p<0.05) decrease in casualty accidents from new intersection 
signals. The estimated number of casualty accidents prevented is 2.2 per new 
intersection signals treatment per year; 

• a 33% (highly significant, p<0.0001) reduction in casualty crashes from signal 
remodelling works. The estimated number of casualty accidents prevented is 1.8 per 
signal remodelling treatment per year;  

• a 32% (marginally significant, p<0.10) decrease in casualty crashes from pedestrian 
treatments. The estimated number of casualty accidents prevented is 1.6 per pedestrian 
treatment per year; 

The collection of intersections treated with signal remodelling works is made up of a 
range of individual treatment types, involving new signal hardware, installation of turn 
phases, delineation improvements, etc. This treatment type has been examined in greater 
detail to determine whether some forms of remodelling works, particularly the addition of 
right-turn phases, are more effective than others. 

The 47 intersections forming this group were disaggregated into two sub-groups, according 
to whether or not treatments involved the installation of right-turn phases. The results of 
this more detailed analysis (refer Appendix 5) indicate that the 30 intersection treatments 
involving right-turn phase installation showed a 44% highly significant (p<0.0001) 
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reduction in casualty accidents, while the remaining 17 treatments showed a non-
significant increase of 4%. 

It should be remembered that the reduction levels reported here are for all casualty accident 
types and, therefore, since this countermeasure is quite specifically targeted at right-turn-
against accidents, higher percentage reductions could reasonably be expected for the target 
accident type. It is also noteworthy that the majority of intersections in this treatment 
category had fully controlled right-turn phases, suggesting that the major portion of the 
benefits may have been derived from this countermeasure type. 

The Accident Research Centre has commenced a study of the safety and operational 
performance of alternative forms of right-turn control. This study should improve our 
ability to quantify these effects. 

3.2 ANALYSIS OF MIDBLOCK LOCATIONS BY TREATMENT TYPE: 

A total of 59 road lengths, comprising mainly midblock locations, were evaluated. Overall, 
they showed a non-significant 2% reduction in casualty crashes. The results of this analysis 
are contained in Appendix 7. 

Although the midblocks showed no statistically significant reduction in crashes either 
overall or for specific treatment types, a substantial proportion of these locations gave 
indications of reductions. Of the sample of 59 locations, 37 locations fell into this category, 
namely, the 'after' treatment frequencies were lower than the expected frequencies, while a 
proportion of the remaining 22 midblocks experienced large increases, indicating that 
perhaps there are some midblock characteristics which are amenable to casualty accident 
frequency reduction and others not. 

A general inspection of the list of locations belonging to these two categories of midblock 
type reveals no apparent differences in characteristics of locations receiving successful 
treatment and those where treatments were unsuccessful. This aspect warrants more 
detailed study. 

3.3 ANALYSIS BY GEOGRAPHIC AREA: 

Both the intersection treatment group and the midblock treatment group were analysed in 
terms of tile area in which the treated locations were situated. locations were classified as 
belonging to either the Melbourne Metropolitan area or to the "Rural" area (rest of State). 

The results are contained in Appendix 5 and Appendix 7. 

For intersections, it was found that: 

• Metropolitan area treatments exhibited a 30% (highly significant p<0.0001) reduction 
in casualty crashes, corresponding to an average casualty accident saving of 1.3 per 
intersection treatment, and 

• "Rural" area treatments showed a 69% (highly significant p<0.001) reduction in 
casualty crashes, producing an average saving in casualty accidents of 2.6 per 
intersection treatment. 
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The analysis of midblocks showed that neither the Metropolitan nor "Rural" areas 
experienced significant reductions in casualty crashes. 

3.4 ANALYSIS BY YEAR OF TREATMENT: 

Appendix 5 also includes an analysis of intersection treatments by year of treatment. The 
results indicate that, despite low numbers of treatments in the early years, statistically 
significant reductions in casualty accidents occurred for each year examined, except in 
1984/85, which showed a non-significant (p<0.11) apparent reduction of 12%. There is a 
generally declining trend in the level of reduction from 1979/80 through to 1984/85, with 
1985/86 rising markedly to 39%. 

For midblock treatments, only 1982/83 showed statistically significant reductions in 
casualty crashes after treatment (52%, p<0.05 for four treatments). There was only one 
other midblock treated in the sample prior to 1982/83 and therefore the opportunity to draw 
inferences about effectiveness of midblock treatments in the early years of the Program is 
negligible. The full results of the analysis by year are shown in Appendix 7. 
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4.0 RESULTS OF ECONOMIC ANALYSIS 

Section 2.4 explains the method and assumptions made in analysing the economic worth of 
black spot treatments. This section reports the results of the analysis, providing separate 
findings for intersections and midblock locations, both overall and by treatment type and 
by geographic area. 

4.1 ANALYSIS OF INTERSECTIONS BY TREATMENT TYPE: 

Of the 116 intersections analysed to determine the effects of treatments on casualty 
accident occurrence, only 82 intersections had adequate cost data to enable their inclusion 
in the economic evaluation. For completeness, the results of the economic evaluation for 
each of the 82 intersections are listed in Appendix 1. The measures of economic worth of 
each individual treatment reflect the result of countermeasure application at that particular 
location. The actual outcome for a given treatment type will vary from site to site, 
depending on site-specific circumstances. For this reason, generalisations from results at 
individual sites to other sites receiving like-treatment should be avoided. 

Set out below are the major findings of the economic evaluation of intersection treatments 
(refer Appendix 8). Only those results which are supported by statistically significant 
reductions in casualty accident frequency for both the full sample of 116 intersections and 
the sub-set of 82 intersections (for which adequate cost data were available, refer Appendix 
6) are regarded as providing reliable indications of economic worth. 

• the overall program of 82 intersections analysed had an estimated Benefit to Cost 
Ratio (BCR) of 8.8, and an estimated Net Present Worth (NPW) value of over $58.7 
million, corresponding to an average NPW value of $0'.72 million per treatment;  

• new roundabouts showed a BCR of 7.5 and a NPW value of over $10 million. This 
corresponds to an average NPW value of $1.25 million per roundabout treatment; 

• the estimated BCR for new intersection signals is 8.2, with an overall NPW value of 
$7.4 million and an estimated average NPW value per treatment of $1.06 million; 

• signal remodelling works resulted in an estimated BCR of 22.1 and a total NPW for 
the 33 intersections in the sample of nearly $28 million, or an average $0.85 million 
per location treated; 

The results of the economic analysis for other treatment categories are considered 
indicative only, given their small sample sizes and/or the lack of statistically significant 
findings in the analysis of accident frequencies. 

4.2 ANALYSIS OF MIDBLOCKS BY TREATMENT TYPE: 

Of the 59 midblock locations analysed to determine the effects of treatments on casualty 
accident occurrence, only 38 treatments had adequate cost data to enable their inclusion in 
the economic evaluation. For completeness, the list for each of the 59 midblock locations 
are presented in Appendix 1, with the results of the analysis by treatment type in Appendix 
9. 

The results of the economic analysis for individual midblock treatment categories need to 
be interpreted with caution, given their small sample sizes and/or the lack of statistically 
significant findings in the corresponding analysis of accident frequencies. The measures of 
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economic worth of each individual treatment reflect the result of countermeasure 
application at that particular location. The actual outcome for a given treatment type will 
vary from site to site, depending on site-specific circumstances. For this reason, 
generalisations from results at individual sites to other sites receiving like-treatment should 
be avoided. 

Having regard to the number of observations in each treatment category and to the 
statistical significance of accident effects reported in Section 3.2, no meaningful 
conclusions can be drawn regarding the economic evaluation of midblock treatments. 

4.3 ANALYSIS BY GEOGRAPHIC AREA: 

The 82 intersection treatments and 38 midblock treatments which were subject to 
economic evaluation were also analysed separately for the Melbourne Metropolitan and 
"Rural" areas. 

4.3.1 Intersection Treatments: 

There were 72 intersections treated in the Metropolitan area and 10 in the rest of the State. 

The following results were obtained: 

• The BCR for Metropolitan intersections is estimated to be 7.1 and the NPW value 
$39.5 million, at an average of $0.55 million per treatment. 

• For "Rural" treatments, the estimated BCR is 19.1 and the NPW value $19.2 million. 
The average NPW value per intersection treatment in "Rural" areas is estimated to be 
$1.92 million.  

4.3.2 Midblock Treatments: 

All of the midblock locations for which adequate cost data were available were located in 
Metropolitan Melbourne and therefore no indication of the relative economic performance 
of black spot treatments by area type can be given in this study. 

4.4 ANALYSIS BY YEAR OF TREATMENT: 

Included in Appendix 8 are the results of analysing the economic worth of intersection 
treatments by year of treatment. Apart from the 1979/80 year which showed very high 
economic worth for just 3 locations, other years for which adequate cost data were 
available to enable analysis show BCR's ranging between 6 and 15, and NPW values per 
treatment ranging from $ 0.37 million to $ 2.32 million. 

While the analysis by the year of treatment may be indicating a downward trend in BCR, 
the existence of such a trend is by no means clear, given the small sample sizes for early 
years and the absence of a statistically significant reduction in accidents in 1984/85. The 
performance of the program over time is worthy of more detailed examination, as 
numerous program management changes have occurred and many of the worst locations 
have been treated during this period. 

The general absence of statistically significant reductions in casualty accident occurrence 
for treated midblocks means that little can be concluded from the economic analysis of 
midblocks by year of treatment. 
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5.0 SUMMARY AND CONCLUSIONS: 

This study has successfully developed a computer-based method for evaluating the 
effectiveness of accident black spot treatments, in terms of the effects on accident 
occurrence and the economic worth of investing in such a program. The method has 
proven to be highly efficient in conducting analyses of this type, using conventional 
statistical analysis and economic evaluation techniques. 

The results of both the accident analysis and the economic evaluation are potentially of 
major significance to the future direction of Vicroads' traffic engineering safety programs 
for Victoria. 

5.1 ACCIDENT EVALUATION: 

In summary, the accident evaluation of a sample of treated locations indicates that: 

• the intersections component of the Accident Black Spot Program has been highly 
effective in reducing casualty accident occurrence, achieving highly significant 
reductions of 33% overall; 

• for the midblocks component of the Black Spot Program, no statistically significant 
overall reduction in casualty accident frequencies has been found; 

• the evaluation of intersections by treatment type indicates that substantial casualty 
accident savings can be derived from new roundabouts (81% reduction), new 
intersection signals (53% reduction) and remodelled intersection signals (33% 
reduction), with fully controlled right-turn phases seeming to contribute the bulk of the 
savings for remodelled signals;  

• the treatment of intersections outside of the Melbourne Metropolitan area produced a 
highly significant 69% reduction in casualty crash frequencies, compared to a highly 
significant 30% reduction in the Metropolitan area. 

5.2 ECONOMIC EVALUATION: 

The main findings of the economic evaluation of the sample of treatments for which 
adequate cost data were available are: 

• the intersections component of the Black Spot Program has been highly successful in 
economic terms, resulting in BCR values of 8.8 overall, 7.1 for intersections in 
Metropolitan Melbourne and 19.1 for intersections outside of the Metropolitan area. 

• This corresponds to NPW values of $58.7 million overall, $39.5 million for treatments 
in the Metropolitan area and $19.2 million j[or treatments outside the Metropolitan 
area; 

• various categories of intersection treatments have achieved impressive results in 
economic terms, resulting in BCR values of 7.5 for new roundabouts, 8.2 for new 
intersection signals, and 22.1 for the remodelling of existing signals. In terms of NPW 
assessment, the evaluation found average values per treatment of $0.72 million overall, 
$1.25 million for new roundabouts, $1.06 for new intersection signals and $0.85 
million for remodelled intersection signals; 

• the treatment of midblock locations was largely unsuccessful in reducing casualty 
accident frequency at treated sites. 
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5.3 CONSIDERATIONS FOR THE FUTURE: 

The results obtained strongly suggest that the evaluation process developed as part of this 
project should resume in one to two years time. The purpose of this on-going project would 
be to evaluate sites treated since the 1985/86 year, this being the latest year for which 
treated sites could be included in the current analysis. 

The results of the evaluation of midblock treatments indicate that some location and/or 
accident types are not yielding results comparable with the intersection types treated. The 
analysis included all locations for which adequate treatment data were contained in the 
records provided. It is recommended that other information sources be searched to obtain 
previously unavailable midblock treatment details. This would enable further treatments to 
be added to the sample for evaluation to better quantify the Program' s performance and to 
determine whether there are some midblock location or accident types that are worthy of 
continued attention. Better performing treatments might then become the focus of a more 
accurately targeted midblock program. 

Given the major data collection difficulties experienced in the current study (and in the 
studies previously undertaken by the RTA), it is further recommended that a 
comprehensive and systematic method of data collection be introduced and maintained to 
facilitate future program evaluation. 

If the techniques developed in this study are to be applied in the future to evaluate the 
program and its individual components, it is strongly recommended that major 
improvements be carried out in the following areas: 

• accurate and timely recording of details of treatments, including location, treatment 
type(s), accident type(s) being treated, costs, start and completion dates and any other 
details relevant to future evaluation, and  

• consistency of street naming convention (or other appropriate location reference 
method) to obtain location-specific accident data collected from the State Traffic 
Accident Record; 

Finally, and importantly, despite the overall success of the Accident Black Spot Program, 
this study has identified a number of intersections and midblock locations which, for 
reasons that are not apparent at this level of evaluation, did not respond as intended to the 
treatments implemented. As such, they may still be experiencing bad accident records and 
should therefore be the subject of more detailed investigation by Vicroads to determine the 
need for and nature of further treatment to alleviate continuing safety problems. 
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APPENDICES 

Appendix 1: List of intersection and midblock locations investigated in the accident and 
economic analysis. 

Appendix 2: Discussion of issues concerning the estimation of exposure effects. 

Appendix 3: Determination of the Regression-to-the-Mean effect. 

Appendix 4: Results of the Regression-to-the-Mean effect. 

Appendix 5: Summary table of the accident analysis results for intersections. 

Appendix 6: Summary table of the accident analysis results for intersections for which 
treatment costs are available. 

Appendix 7: Summary table of the accident analysis results for midblock locations. 

Appendix 8: Summary table of the economic analysis results for intersections. 

Appendix 9: Summary table of the economic analysis results for midblock locations. 
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Appendix 2: Discussion of Issues Concerning the Estimation of Exposure Effects 

A change in the true mean casualty accident frequency may occur as a result of there being 
an increase in exposure rather than any site modifications. Where such an increase is 
localized, such as at a number of individual sites, in the proximity of re-routed traffic, it 
will not be accounted for through the use of control groups. As site modifications are also 
themselves conducive to changing exposure, measurements of volumes are required over 
tile period of study to determine the extent of such changes. 

Exposure itself is a difficult variable to assess. Whilst being a function of traffic flows, the 
particular flows and their functional form are dependant on the accident type under study. 
Overall exposure measures aggregated across accident class are available, but these are 
subject to the assumption that there is a homogeneous and uniform distribution of accident 
classes across the group of sites under study. This is not necessarily valid, particularly 
where the treatment is of a specific type, or to address a particular accident type. 

A further problem lies in the manner in which exposure relates to crash occurrence. If the 
measure of effectiveness is simply adjusted from change in casualty accident frequency to 
change in casualty accident rate (i.e. frequency per unit of exposure), a linear relationship 
between crashes and exposure is implied. Such an assumption is not tenable in many 
instances. An example is that high exposure, when coupled with low speeds (such as in 
peak hour traffic) is unlikely to produce a correspondingly proportional increase in crashes. 
Teale (1984) lists further difficulties and implies that greater accuracy in the way exposure 
relates to crash occurrence needs to be established before it is incorporated in 
countermeasure effectiveness studies. 

Aside from these theoretical difficulties are the physical problems of obtaining traffic 
volume data for all sites over the period of study. For the greatest exposure measure 
accuracy, such volume data need to be supplied for each approach and turning movement. 

As there were difficulties in obtaining traffic volume data for many of the sites, 
particularly prior to 1987, it was decided not to attempt to allow for changes in exposure at 
the specific site. The effects on accidents of overall changes in exposure between the 
before and after periods are included by using the control ratio for the municipality in 
which the site is located.  
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