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Key points 

Economic evaluation can provide guidance  on  resource allocation questions in road 

safety; both cost-benefit analysis and cost-effectiveness analysis of  road safety 

programs  can  inform  the  process of priority ranking, decision-making, and policy 

development. 

Where  the  decision involves the  comparison  of  projects  with  quite divergent 

outcomes (e.g.  reductions in road  trauma,  versus  reduced travel time, versus  projects 

in rail or air transport,  etc.), cost-benefit analysis should be  considered  the  most 

favoured  method  of  economic appraisal, but  its usefulness is weakened by the  debate 

on  the  ‘value of statistical life’. 

Where the decision involves programs  the  results  ofwhich  can  be  captured in a single 

measure of  outcome,  cost-effectiveness analysis is an appropriated  technique.  The 

results, which are framed in terms of cost  per life year saved or cost  per injury 

avoided, are easier to communicate  among decision makers  and to  the wider 

community. 

The reliability of  both cost-effectiveness analysis and cost-benefit analysis depend, 

among  other things, on the certainty ofthe benefits predicted, and  hence on  the 

precision and  accuracy  ofprogram effectiveness evaluation. Current  practice in this 

area (as evidenced by the published studies)  requires  improvement. In order  to assist 

in decision making  a greater effort to standardise  methods in the evaluation of road 

safety  measures should be  made  with  greater  attention to study design and consistent 

choice of cost  and  outcome  categories. 

Some  program  areas  have  few published economic  evaluations  and it is very difficult 

on efficiency grounds  to determine which  road safety program  areas should be 

expanded or contracted. 

It is clear however  that  some particular projects  are  cost effective on any measure  and 

therefore i fwe are deciding how  to  use  extra  resources  it is possible to  save injury at a 

relatively low  cost  with  the expansions of  these  programs. For example many of  the 
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road  engineering, speed and  alcohol  reduction  programs  appear to offer value for 

money. 

There  seems to be  a publication bias in favour  of  programs  which have been 

implemented and it is open to question  whether  new  untested  programs would be 

more  cost effective. There  are for example few  studies of cost-effectiveness in the 

area of education  and licensing, or vehicle safety. In the absence of good  data on the 

costs and the effectiveness of interventions  a  great deal can be achieved by modelling 

the likely impact on safety  and  costs  using best estimates combined with sensitivity 

analysis. While sensitivity analysis should not be  used as an excuse for poor  data 

collection, it can  also  be  used to determine  when a more detailed study is warranted; 

Ifthe objective  is to minimise  injury at least cost  then the use  of  ratio  measures 

(benefit to cost or cost-effectiveness) to rank  programs is a good rule of thumb, but a 

more  appropriate  technique is the  use of simple mathematical programming.  This can 

be  done using  standard  spreadsheet  programs  on a microcomputer 
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Executive  Summary 

This study  reviewed what  economic appraisals have  been  performed on  road safety 
measures within the priority areas identified in the National Road Safety Strategy and 
Action Plan,  and appraised their  methodological  soundness.  The  focus  has  been to 
establish the  cost-effectiveness  of measures, and to discuss the role of cost-effectiveness 
analysis in relation to the  current reliance on cost-benefit analysis for  resource allocation 
decisions. 

Methodology 

A  literature search was  conducted  of Australian and international transport  research and 
related  databases, using university and  transport  sector library networks.  The  search 
keywords  were framed in terms of road safety, road  trauma prevention, effectiveness, 
evaluation,  economic appraisal, cost-effectiveness and ,cost-benefit analysis. The aim 
was  to identify effectiveness and cost-effectiveness studies  that  could  be utilised in road 
safety priority settings. Inclusion criteria also extended to  studies  which  presented 
sufficient effectiveness and cost  data  to  construct  a  meaninghl cost-effectiveness 
analysis. 

Despite  the comprehensiveness of  the  literature search, only a  few  genuine  cost- 
effectiveness studies  of  road safety programs  were  found. As in the  transport  sector 
generally, the  methodology  used by the majority of economic appraisals, and in 
effectiveness studies  that included economic analysis, was cost-benefit analysis. These 
varied in the  strength  of effectiveness evidence, and in those most concerned with 
program planning or funding proposals, the effectiveness was  often only a  crude 
estimate. 

There was an extensive literature on  the effectiveness of  road safety programs, but 
mostly without an economic appraisal component.  Again  these  studies varied widely in 
the quality of their design, their data, and analysis. Due mainly to  the  time  constraints  of 
this consultancy, it was decided to confine our analysis to only those studies which had 
an  economic  component and that  were, or could be  converted  to, cost-effectiveness 
analysis. A full review of  road safety effectiveness studies is probably warranted, but 
would  be  a  major undertaking, and  beyond the  scope of this  study. 

A cost-effectiveness approach  was applied to those  studies  where  there  was sufficient 
data  for  the analysis (i.e. studies which included both effectiveness information, even if 
only an estimate, and cost data). Convertable studies  were compiled on a  database (MS 
Access'2) using  an  economic analysis framework  developed  for  this  study.  The  total 
number of  studies so treated  was 48. Specific configurations of  the  database are 
presented in table  form in the report. 
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Field consultations were  conducted with representative  interstate  road safety 
stakeholders, with face to  face meetings taking place in  Melbourne,  Canberra, Sydney, 
and Adelaide Advice was sought  from the perspectives ofNRTAC,  state road  safety 
managers,  road  trauma  researchers, insurance ofices and  road  user  representatives 
Project time-line constraints  prevented a u-ider  direct  consultation,  but  there was some 
indirect feedback  on preliminary findings from an Austroads meeting held towards  the 
end of  the consultancy. 

Overview of Findings 

Cost-effectiveness analysis of road injury interventions  is a useful supplementary  form of 
analysis to cost-benefit analysis . For some  research  questions, it may be  the preferred 
form of analysis. It seems clear that it is possible and meaninghl  to calculate the cost- 
effectiveness of road safety programs on the basis of  cost  per injury consequence. It is 
also possible to rank  programs on the basis of their cost  per injury consequence. Cost- 
effectiveness analysis has  the  strong  advantage that it is more  transparent in its decision 
rule, and  easier to communicate to interested  parties It allows the decision maker to 
adopt a benchmark  figure for the value of an injury or fatality and say that a particular 
program  has a cost per injury or fatality prevented less OJ more  than they are prepared to 
pay If a program  cost  more  than $5 million per life saved,  for  example, it  may be 
rejected if the benchmark  was $ 3  million 

Cost-effectiveness analysis seems to provide similar absolute  values  for  programs to 
cost-benefit analysis, where  conventional benchmarks are  used. That is to say, programs 
with a benefit-cost ratio (BCR) in excess of an accepted level of say 3 . 1 ,  tend to have a 
cost  per life year saved of less than $30,000, which is less  than many common health care 
interventions which have been evaluated M’hile cost-effectiveness analysis may provide 
similar guidance to cost-benefit analysis on broad  notions of  economic  worth, it does 
produce different ranlangs of programs, especiallv where minor injury is a large 
component,  and  depending on how  cost savings are  treated in the benefit-cost ratio 

The key limitations on the use of published cost-benefit  studies of road safety 
interventions,  are  that the underlying data on the effectiveness of the  programs is most 
often  weak, and that  the available techniques of evaluation are often not rigorously 
applied Many  cost-benefit  studies had flaws in design which were inconsistent with the 
theory and practice of  the cost-benefit approach.  There is little use of good experimental 
designs to establish efficacy and too much evaluation is based on intuitive  guesswork, 
often  without any supporting sensitivity analysis. Similarly, the lack of  appropriate 
current  data  on  the predicted outcomes  of  interventions would limit the use of cost- 
effectiveness analysis for  resource allocation across  program  areas Consistency in the 
application and reporting of economic appraisal methods would improve the quality of 
information available to assist decision making. 

Many  of  the published economic  studies were  for a group  of initiatives at a particular 
level of expenditure. This makes it very difficult to evaluate the cost-effectiveness of 
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future initiatives at  perhaps different levels of expenditure.  We might have evaluated a 
program  to  improve  road conditions at 40 black spot locations, but  this might tell us little 
about  the cost-effectiveness of the  41st or another 20 elsewhere.  There  is  a  need for 
studies to evaluate the marginal cost  and  outcomes  for  interventions  and  to  consider  the 
transportability of  the results. Only one  study  which  we looked at (Cameron, 1993) had 
sufficient detail to allow a marginal cost-effectiveness analysis to be carried out. In many 
ways  this  study  was  a  good example of an evaluation  with  a valid study design and 
containing sufficient detail to allow transportability 

In the  short  term decisions have to  be made  and we would  continue to recommend  the 
use of economic  evaluation  methods.  In  the longer term  we would recommend an effort 
to improve  the  standard and consistency of evaluation methods. In this  context it is 
important to note  that,  where  the safety budget is constrained,  there are dangers in the 
simple application of rankings from cost-benefit or cost-effectiveness ratios. That is to 
say a simple league  table  of  interventions  ranked by these  ratios  can  be a misleading 
guide to efficiency. There may be an important role for mathematical programming and 
associated  techniques in determining the optimal profile of programs and the level of 
each program  when utilising cost-benefit analysis or cost-effectiveness analysis  results in 
the  presence of a  budget constraint. 

In principle cost-effectiveness analysis could be used to assist in resource allocation 
decisions at all levels of decision making in road  safety. It could be used to determine 
the  optimal mix of  programs within a priority area as well as to  determine  which  broad 
area  warrants  extra investment. Data requirements are a barrier to each of these  tasks, 
but particularly the  latter In order  to determine the  best place for additional investment 
we need to  know  the cost-effectiveness of the marginal project in each priority area. We 
have identified only a small number of published studies overall which can provide 
reliable evidence on both effectiveness and  costs, and a very small number of studies in 
some  areas.  It  would  be  dangerous, therefore, to rely too heavily on  current  economic 
knowledge to allocate  resources  between priority areas.  On the  other hand, given a 
longer  time  frame, it should be possible to  frame research in this way. In  the meantime, 
cost-effectiveness analysis can be used within some  broad  program areas where  there is 
sufficient reliable data. This seems to be  the case, for example, in road environment 
programs  where unpublished data may be available on  the  expected  costs  and  outcomes 
of particular investments. In the absence of perfect data a great deal can be done ,with 
the  use of informed views of  the likely effectiveness of interventions  and their likely 
costs.  When  used  with sensitivity or threshold analysis it is possible to show  which 
programs  are likely to be  cost effective, and  which will not be  even under  the most 
optimistic assumptions. In this  case the choice of economic analysis type is not likely to 
be  important. In these cases the  economic  worth  of a project is  likely to be robusl no 
matter  the  assumed  economic value of intangibles such as lives saved or pain  and 
suffering avoided.  Where  more detailed marginal choices  have to be  made,  however, for 
example on  program expansion, it is not only necessary to have  good  knowledge  of the 
marginal effectiveness of a program,  but also of  the impact of the  program on the 
relevant budget.  In  other  words  what safety interventions have to be given up in order  to 
expand a particular program. 
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Conclusions 

The major conclusions of this  study are as follows: 

economic  evaluation  can provide guidance on resource allocation questions in road 
safety; both cost-benefit analysis and cost-effectiveness analysis of road  safety 
programs  can  inform  the  process  ofpriority ranking, decision-making, and  policy 
development; 

where  the  research  question involves the comparison of projects with quite  divergent 
outcomes  (eg  reductions in road  trauma,  versus  reduced  travel time, versus  projects in 
rail or air transport,  etc.) Cost-benefit analysis should be considered the most 
favoured  method  of  economic appraisal, but its usehlness is weakened by the debate 
on  the ‘value of statistical life’: 

where  the research  question involves pro-iects, the  outcome of which can be 
encapsulated  in  a single physical measure (such as lives saved),  cost-effectiveness 
analysis could  be the preferred  technique, or at least a very useful adjunct to cost- 
benefit analysis; 

the reliability of both cost-effectiveness analysis and cost-benefit analysis depend, 
among  other things, on  the certaintv ofthe benefits predicted,  and hence on the 
precision and accuracy of program effectiveness evaluation.  Current  practice in this 
area  (as evidenced by the published studies)  requires  improvement; 

in the absence of good  data  on  the  costs and the effectiveness of interventions a great 
deal can be achieved by modelling the likely impact on safety and costs using best 
estimates combined with sensitivity analysis While sensitivity analysis should not be 
used as  an  excuse for poor data collection it can be  used to determine  when a more 
detailed study is warranted; 

the main advantages of cost-effectiveness analysis in  road safety decision making are 
that: 

(1) the value of a  project  is not influenced by the value of a  statistical life; 
(2) cost-effectiveness analysis can be adapted to suit a number of policy arenas. 

e g. it can be used to compare road safety programs  with  other  types of 
programs which result in the  same benefits, such as health or emergency 
services, or even air pollution control; 

(3) cost-effectiveness analysis enables a  transparent,  yet  systematic  approach  to 
program  budgeting, that is easier to communicate to decision makers and the 
general public e.g. cost  per crash avoided,  cost  per fatality prevented; 
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the principal disadvantages  of cost-effectiveness analysis in road safety decision- 
making  are that: 

(1) cost-effectiveness analysis does  not provide a  means  of explicitly weighing 
safety effects against the  other beneficial  and  harmful effects of decisions; 

(2) costs and benefits are  not valued in the same units, hence cost-effectiveness 
analysis does  not enable comparison  with  other  transport  sector  programs, 

(3) the interpretation of cost-effectiveness analysis is unfamiliar to road safety 
management. Despite  the unfamiliarity of  the  approach,  the  idea  of  cost 
effectiveness analysis has appeal to Australian road safety managers - 
especially in that  the results of cost-effectiveness analysis are easy to 
communicate; 

while there is evidence of  rigorous well designed economic appraisals, overall the 
standard is very variable, and  steps  need to be  taken  to  improve  the quality and 
consistency in the  conduct  and  reporting of studies; 

one  category  of potential cost saving from road safety initiatives that is ignored or 
poorly  measured at present, is long  term disability from  road accidents; 

if cost-effectiveness analysis is favoured as an appropriate  form  of appraisal to 
undertake,  then carehl  thought needs to be given to  the choice of  outcome measures, 
including the combination ofmortality effects and morbidity effects  through  a  measure 
such as  the Quality Adjusted Life  Year  (QALY); 

there  are  a number of  programs  which  appear to offer good value for money.  Many 
programs in the field of  road engineering , alcohol and  speed  reduction  appear to offer 
good value for money.  This  suggests  that expansion of  these  programs should be 
considered. 
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Recommendations 

Recommendations arising out  of  this  study  are: 

That  methodological guidelines for the evaluation and economic analysis of road 
safety countermeasures be developed by the national peak  road  safety 
organisations  in  order to generate  a national ‘pool’  of  research  results  that could be 
shared by all stakeholders;  ensure consistency of  cost and effectiveness 
information; and enable greater comparability of road safety program  evaluations. 

That  road  safety  managers  consider  cost-effectiveness analysis a useful adjunct to 
decision-making and priority settin2 for road safety projects. 

That  a small investment  in  recording and costing  long-term disability from road 
accidents be  made in  order to enhance  the  measurements ofbenefits achievable 
from road safety. 

That  road  safety  stakeholders work towards  adopting  the Quality Adjusted Life 
Year  (QALY)  approach in deriving the most appropriate  standard  of  outcome 
measure  for  road  safety  cost-effectiveness analyses. Such a measure  would need to 
combine  both  fatal and non-fatal disabling outcomes and do so in a way that 
reflects their  relative  seriousness. Failing this, that the Potential  Years of Life Lost 
(PYLL) measure be used. 

That preliminary economic  evaluation of new programs  be  done using current best 
information combined with sensitivity analysis. Where necessary, a ful l  economic 
appraisal  be  undertaken  consistent  with  standard  methodology 

Cost-effectiveness of Road Safeh- Measures 9 



1. Introduction 

1.1. Priority areas 

For  the  purposes  of this  study  the priority areas  have  been  arranged  into  groups  and sub- 
groups,  as  shown in Table 2.2. It is clearly not possible to assemble all of  the priority 
areas  into mutually exclusive categories, but such an arrangement serves as  a  framework 
for this cost-effectiveness review. 

Table 1: Priority Areas of the National Road Safety Strategy 

General  Areas Specific Areas 
ROAD USER  ISSUES: Speed 
Enforcement  and Public Drink driving: (RBT + Public  EducatiodLow alcohol beer) 
Education (including Drugs and Driving 
supporting  community Bicycle helmets 
actions) Pedestrian behaviour 

Motorcyclists 
Red light cameras 
Fatigue 

- 

SCHOOL  BASED Programs aimed at immediate goals 
EDUCATION Programs aimed at long  term  goals 

School curricula: health & personal development 
DRIVER  TRAINING & National training curriculum for novice drivers and riders - 
LICENSING  Competency  requirements and standards 
NOVICEDEFENSIVE/ 
ADVANCED 
ROAD  ENVIRONMENT  Blackspot  treatments 

Road  constructiodmaintenance  (e.g. divided highways, 
edgelining, shoulder sealing etc) 
Road safety audits 

brakes) 
VEHICLE  SAFETY  Design (Occupant protectiod  other issues e.g anti-lock 

In-service vehicle safety & roadworthiness  standards 
HEAVY  VEHICLE Vehicle safety 
SAFETY Fatigue management  measures 

TRAUMACARE Rehabilitation services 
Public education 

Delivery of trauma  treatment 
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2. Objectives of the  Study 

This study reviewed %.hat economic appraisals have  been  performed on road safety 
measures within priority  areas identified in the National Road Safety  Strategy and Action 
plan, and appraised  their  methodological  soundness. The focus has  been to establish the 
cost-effectiveness of measures,  and to discuss the role of cost-effectiveness analysis in 
relation to  the current  reliance on cost-benefit analysis for  resource  allocation decisions. 

The following specific objectives directed the study: 

to survey  state,  national  and international literature  for  studies on  the effectiveness of 
road safety interventions as identified in the  National Road Safety Strategy and 
addressed in the National Road Safety Action Plan; 

to examine economic  literature  on effectiveness and cost-effectiveness of road safety 
programs; 

to apply a methodology  for  cost-effectiveness  that is suitable for the Australian road 
safety  context (only studies which were  convertable by this  method were included); 

to develop and apply a rankindratings matrix based on cost-effectiveness measures 
that will enable better  judgement in decisions about  investments in road  safety 
programs,  i.e. allocative efficiency in road  safety; 

to undertake field consultations nith road safety  administrators and researchers in 
order  to identify assessment  criteria and standards  that are  current in the  sector; 

to  produce a report which identifies the road safety programs (or their  elements) by  
cost-effectiveness, in a way  that is amenable to  incorporation  into policy and planning 
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2.1. Methodology 

2.1.1. Economic  Evaluation 

‘Cost-benefit analysis is  a procedure  for comparing alternative courses  of  action by 
reference to  the net social benefits  that  they  produce’ Pepartment  ofFinance, 1991) 

The  fundamental  approach  in  economics to the evaluation of any social program is to ask 
the  question; will the social benefits exceed the  opportunity  costs of the  resources used 
to implement the  program? There are  three main analytical techniques within this general 
approach  which  have  been used in the evaluation of policies, projects,  and  programs 
involving safety.  These are cost-bene$t,  cost-effectiveness, and cost-utility analysis. 

The key methodological strength in such an  approach is that it requires  the  perspective of 
the analysis to be defined, and as  a  consequence, clarifies which costs and benefits 
should in theory be included. Benefits and costs  are  regarded  as social rather than only 
private, and are usually weighted equally irrespective of  the  people to whom  they  accrue. 
A more restricted  perspective  than  societal could be  taken  (eg.  funder,  provider, 
recipient, etc) but  would need to  be clearly stated  in  the  research  question.  Equity could 
also be explicitly considered,  however  the  net benefit approach is the simplest and the 
most  common. 

2.1.2. Cost-Benefit  Analysis 

An immediate  question is how  such  resource  costs and benefits should be valued. The 
conventional  economic  approach is based on  the value  judgment  that social values should 
be based on  an  aggregation of individual preferences.  The  theory of demand in 
economics  suggests  that  the  inverse  demand  function  for  goods  and  services relates 
preferences to money values. That is to say the willingness-to-pay for a  commodity is a 
measure  of  preference or welfare obtained  from  that  commodity at the  margin.  Thus i t  is 
argued  that individual values of  resources and benefits are reflected in the price 
individuals are willing to pay. Cost-benefit analysis then is an appraisal technique in 
which all real costs and  consequences  of  a technology are expressed in money. Cost- 
benefit analysis proceeds as ifmarket prices existed (Department  ofFinance, ibid.). 

In the  context of road safety cost-benefit analysis could be  used in the following 
contexts: 

accepting or rejecting a  project; 
choosing  projects  from  a  number  of possible projects; 
choosing the appropriate scale of a  project; 
choosing  one  of  a  number of mutually exclusive projects;  and 
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all of the above, subject to a resource  constraint 

Two immediate  problems  arise in the evaluation of road  safety  programs: - 

0 Some  commodities are not traded and therefore  there is no observable price 
or willingness to pay (e.g. the natural environment,  health, personal 
freedom). In such cases valuations need to be  made on the basis of 
complementary  markets or experimental techniques. 

0 Some  commodities  are subsidised, regulated or publicly provided  because of 
a social judgment  that supply should not be based  on willingness to pay. (e g. 
health care) 

Cost-benefit analysis as currently practiced in the  evaluation of road safety, while in 
general  compatible  with economic theory, has a number of theoretical and practical 
problems. 

1. The value of physical risk and safety, and therefore the money value of  the 
consequences  of  road safety programs,  is difficult to assess  with any degree of 
confidence.  Studies have used  either  contingent  valuation and hedonic price 
techniques  (Mdler &: Guria, 1991; Viscusi, 1993).  These  studies  confound the 
valuation of life per se with the value of risk.  Willingness-to-Pay  for  changes in risk 
at different absolute levels of risk will undoubtedly vary casting doubt  on the 
generalisability of the results.  This is one reason  for the wide  range of values 
produced by such  studies. 

2. Even if we could establish individual willingness-to-pay for safety it  is not clear that 
the  average  values  produced  would reflect the community willingness to pay for  death 
and injury prevention. Certainly in  the  area of health care  services  most  countries 
including Australia have explicitly rejected the idea of relying on market generated 
willingness to pay as  the mechanism for allocating health care  resources  They tend to 
favour  a social decision making mechanism with a greater emphasis on  equity. 

3 .  The widely used alternative means of valuing life in the cost-benefit analysis road 
safety  interventions is the human capital approach.  Human capital is a measure of the 
value of potential output. As a measure of the social value of death and i n j u r y  
reduction it has  no basis in economic  theory. As a  measure of productive output. 
there  are also several problems, including that earnings forgone may be a poor 
measure of lost  production  (does  not  adequately reflect the firm’s  response,  labour 
market  conditions,  etc) and that earnings may not accurately reflect one’s  abil~ty to 
produce.  Further it has the same  unacceptable equity implications as willingness to 
pay insofar as those who have  greater  potential  income  would  receive  greater  safety. 

4 In addition to  the value of life itself cost-benefit analysis has  problems in valuing other 
so called intangible costs. Many road safety  projects have multiple outcomes  few of 
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which  have  market values. These include effects on  the natural and built 
environment, with potential health and  aesthetic  impacts.  They may also include 
(through legislation or promotion)  impacts on personal liberties. Cost-benefit analysis 
has difficulty in encapsulating such effects within the money metric Thus it must  be 
acknowledged  that cost-benefit analysis (and other  forms  of  economic appraisal) can 
offer only partial appraisal of a project While this is true  of all forms  of  economic 
appraisal, the  attempt to  reduce  the results of  the analysis to a single figure of a net 
present value or a cost-benefit ratio  can hide the  fact  that  important costs and 
benefits may have  been excluded. Thus  a gross bias can be created in favour of 
projects  for which the direct program  costs  are  low,  but intangible costs may be  high. 
This is a  characteristic of legislative solutions to  road safety problems. 

These  problems  have led to  the development of  other  economic appraisal tools  which  do 
not  constrain benefits to  those which can be  measured in terms  of  money 

2.1.3. Cost-Effectiveness Analysis 

Cost-effectiveness analysis is an appraisal technique for evaluating two or more 
alternatives in which inputs are measured as  economic  costs,  but  at least some 
consequences  are valued in a single physical unit (lives saved, injuries avoided, casualty 
crashes  avoided). Its major advantage is that it relaxes the  assumption that all benefits 
have to be valued in monetary  terms. It can  be used to rank road safety interventions in 
terms  of  cost per crash  consequence. 

Two main problems arise with cost-effectiveness analysis. These are: 

The  presumption in using a single measure of effectiveness is that the analysis 
has  captured  the predominant  category of benefit. Thus if injuries avoided is 
used as the objective on  which to compare  two  road safety projects  the 
presumption is that  there  are no major differences in outcomes of other 
benefits. For example, mandatory bicycle helmets may save  as many injuries 
as a  road alignment modification project, while the latter may also prevent 
property  damage and a  greater number of fatalities. Thus,  one  must  be 
careful that the  measure of effectiveness is a  good proxy for all of the 
important  categories  of benefit. 

To some  extent this measurement issue can  be reduced by converting  some 
benefits into negative money  costs. For example, property  damage averted 
could be included as  a  cost saving in an evaluation of  a  road crash program. 
This raises the danger of changing the  value  of  a cost-effectiveness ratio (and 
the ranking of programs) by including or excluding certain benefits solely on 
the  grounds  of convenience of measurement in money  terms. 
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Unlike cost-benefit analysis, which calculates a net present  value,  cost-effectiveness 
analysis provides  no  absolute  criterion  for  accepting or rejecting projects. It can 
however rank projects.  Where  there  exists  a  benchmark  value for the  outcomes in a 
cost-benefit analysis then  this  provides an absolute  criterion.  However,  the  existence of 
a benchmark  value implies a social value of life  and injury That is to say, if we reject a 
program with a cost per life year saved of $10,000, this implies a social value o f a  life 
year  lost is less than $10,000 

Cost-effectiveness analysis does  not let us  escape from the issue of choice, but i t  does 
make more explicit the trade-offs which are being made. The decision maker given a 
choice of  doing  a marginal project with say a  cost  per life saved of S50,OOO is clear in her 
mind what  the trade-off is. A rejection of a  project  with a benefit to cost  ratio of say 3 .1  
is less obvious. While the net present  value  criterion  can be translated  into its impact on 
welfare directly and  road safety decision makers may  easily learn to  do that  translation ( 
a benefit to cost  ratio of 3 : l  may be regarded as good) it  is nevertheless less amenable  to 
communication to others  outside that circle. Cost-effectiveness analysis has the 
advantage ofbeing  more transparent and understandable  and can be used both to 
underpin  decisions  and to communicate their rationale. 

As discussed above  cost-effectiveness analysis is limited by the assumption o f a  uni- 
dimensional outcome.  Road  crashes involve a range of health outcomes  from v e q  
temporary minor pain, through  weeks of pain and suffering of injury and treat men^, 
including short or long  term disability, and finally to  death. Cost-benefit analysis could in 
principle capture all of these morbidity and mortality impacts in a single measure 
(willingness to pay). We have discussed some  of the problems  with this approach i n  
relation to mortality reduction and the problems would  be similar if the technique wet-e 
extended to morbidity gains.  cost-effectiveness analysis of road  safety  interventions can 
consider the various dimensions ofmorbidity reduction in two ways. First,  the cost of 
treatment and caring  for those affected can be included as  a  cost saving associated will] a 
program which reduces  crashes.  Second, the various outcomes  can be listed and 
separate  cost-effectiveness  ratios  calculated. This is the  approach  taken in thls study. 
We have calculated the cost  per  death  avoided, the cost  per life year  saved,  the  cost per 
serious injury avoided, and the  cost per  all injuries avoided. This approach, while 
extending the analysis beyond mortality measures does not provide any means for 
directly  comparing  programs which  have different profiles of  deaths and injury 

The major  advantages of cost-effectiveness in this respect is that  cost-effectiveness 
analysis enables a transparent, yet systematic approach  to  program  budgeting, and it can 
be applied in different policy environments. In other  words,  according to the choice of 
output  of  a  cost-effectiveness  study (such as cost per crash  averted,  cost per  life saved. 
or cost  per life year  gained),  such information can be used to inform a wide  range of 
participants in the road safety debate, or cost  per quality adjusted life year  saved. Such 
terms  can  be readily understood  in  forums with community groups, within the  transport 
bureaucracy, and across  government  sectors  such  as police and health. 
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2.1.4. Cost-Utility  Analysis 

A possible solution to  the problem of multiple health consequences is to construct an 
index of health related welfare.  Cost utility analysis is an appraisal technique which 
measures costs in monetary  terms,  and  measures  consequences in terms of their social 
value to  the community or “utility”. It has been used in the evaluation of health related 
programs  (Richardson, J. 1991). 

Cost utility analysis eliminates the problem of obtaining individual monetaryimarket 
valuation of consequences, while allowing a wider spectrum of health consequences to 
be  considered. It allows a weighting of consequences,  not by money, but by a direct 
welfare measure. It does so at  the expense of empirical issues of valid utility measures. 
It has not been  used  as yet in the field of road safety evaluation except in an illustrative 
sense,  however it has the potential to offer an enhanced cost-effectiveness analysis o f  
programs, particularly where  consequences include long term disability. (Shiell and Smith 
(1993). 
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2.2. On The Measurement Of Effects In Economic Appraisal 

All of  the above  techniques rely on good  evidence on  the relationship between a safety 
program and final outcomes  for crash victims. The link between  a  particular road 
engineering  project,  for example, and any reduction in the number of deaths,  short term 
or long  term  personal injury, disability must be clear Unfortunately  there  are n n n y  links 
in  this  chain and knowledge is fragmented. For example,  there is some evidence on the 
effectiveness of interventions in reducing different types  of  crash,  e.g.  rear end versus 
side-on.  There is better evidence on the relationship between  crash  type and resultant 
injury treatment (Andreassen, 1992b)  There is little  evidence linking casualty status 
(AIS score  for  example) and temporary or permanent health outcomes,  aside  from  length 
of stay  (Hendrie et a1 1994) or insurance payouts (Oxley and Fildes, 1993). This is a 
major gap in the literature which may bias the  results of  economic evaluation I t  may be 
that insufficient weight is being paid to those types of crashes which are more likely to 
result  in  long  term disability through head or spinal injuq. 

2.2.1. Methodology:  Ranking Of loterventions 

The  current  study uses cost-effectiveness  to analyse a number of road  safety 
interventions. It aims to provide  a ranking by program area (and within program  area) 
using the  data from  a  number of published cost-effectiveness  and  cost-benefit  studies It 
compares  the rankings obtained with the original cost-benefit  studies. We also 
demonstrate  the  effects of a  budget  constraint  on efficient program  selection 

Cost-effectiveness  ratios  have  been calculated as  the ratio of net costs  to three meas~~res 
of  consequences. 

Cost  per life saved 
Cost  per life year saved 
Cost  per  death and injury avoided 

We have re-analysed a number of published studies and present  cost-effectiveness  ratios 
These  are used to rank  programs  The rankings are  compared with the position i n  the 
ranking derived from the original benefit to cost or cost-effectiveness  ratios. The 
rankings might be different for  two main reasons First. the methodology in the original 
study may not conform with the  approach to cost-eii'ectiveness analysis used here For 
example,  studies may have only included government  costs and excluded private costs, 
or they may have  double  counted  costs.  Second,  cost-benefit analysis which uses a h i &  
value of life will ensure higher net benefits for  programs which reduce  a relatively small 
number of fatalities  as  opposed to  those projects which eliminate a  large  number of 
minor injuries. cost-effectiveness analysis, based on the  cost  per injury avoided, may give 
a different ranking to cost-benefit analysis i n  this  case. 
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The rule of  thumb decision criteria in cost-effectiveness analysis is that independent 
programs should be arrayed from the  lowest ratio of  cost to consequences to the highest, 
and the  programs  chosen  from  the  top  of  the list down until a  threshold value is reached. 
This criterion  seems to be  the  standard  used in road safety resource allocation decisions. 
In  the  presence  of  a  resource or budget constraint, however, and with indivisible 
programs, this  can  be  a misleading rule. We demonstrate  this by comparing  the rankings 
using cost-effectiveness  ratios  with  the optimal choice of  programs in presence of three 
constrained budgets.  The optimal choice is a  set of programs  which minimises the 
consequences  of  crashes  for  a given budget. 

2.2.2. Assumptions Used I n  The  Analysis 

Published studies  were re-analysed using the  assumptions  set  out  below 

A  consistent  set  of  costs  was included for each program Costs included were  the capital 
and  recurrent  costs of  the  program appropriately discounted  at 5% to  a present value. 
5% represents  the real return on 10 year government  bonds  (a risk free  return). Capital 
costs  are assumed to occur at  the beginning of  the year. All costs  were converted to 
1992 Australian dollars. Cost offsets for each crash avoided included only hospital and 
medical savings and  property  damage.  The  value  of hospital and medical savings per 
crash  type  was  taken  from  Andreassen  (1992b)  table 4.8 ( A R R  217, p. 15). Where  the 
study did not provide the number of injuries but only the number of crashes, the 
distribution of  the number  and severity of injury  by crash type  was  taken  from 
Andreassen  (1992b)  tables 4.1 and 4.2.  The  cost  of injury assumed is given in Tcrhle 2 
below. 

Costs  were generally those  reported in individual studies. Where  these  were  not in 1992 
$AUD they  were  appropriately  converted.  These generally included only the direct costs 
of  the  intervention (i.e., staff, maintenance, and materials). Where  appropriate, the cost 
to individuals was also included. An  example is the  purchase  of bicycle helmets by 
cyclists in a  program  encouraging or requiring the wearing of bicycle helmets. Travel and 
time (or productivity)  costs  were excluded from  the analysis in order  to  standardise 
across  studies. However, in few  of  the  studies reviewed was this an issue. 

Table 2: Money  value of cost savings used (adapteded/rom Andreassm, 1992) 

Cost saving qpes Cost ojtreairnent 
Fatality $3,812 
Hospitalised injury $9,261 
Medical  treatment injury $700 
Property  damage $4,462 
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Years  of life saved were calculated as the expected number of years of life at the median 
age by road  user  type of accident fatality for the year 1993.  (Road  Fatalities Australia, 
1994)  These  years of life were discounted at 5%. Thus  the  average life expectancy of a 
driver who died in a car accident at the median age of 30 is 78. The years of life lost are 
4S which if discounted at 5% is 18 years. This double discounting is not intuitively 
obvious and indeed there  has been some  controversy in the literature  on the issue of 
discounting life years (Olsen, J.A. 1993).  This is largely because of the difficulties of 
conceiving of a  trade-off  between  years of life now and in  the  future. This difficulty 
would  evaporate if we could place value on  life and use  the  traditional  arguments for 
discounting.  The  problem  then is not so much one  of should  we  discount life years bu t  
how  do  we value life years. I fwe  make the initial assumption that an extra life year has 
the  same  value no matter who gets it then  there is some intuitive logic in the ftlrther 
assumption  that  society  would  prefer  to gi\ e an extra year of life to 10 people  today ihan 
give one year to 10 people  each  over the next  ten  years, or give 10 years to one pel-son 
Note  that this  process  counteracts  some of the implicit bias in cost-effectiveness analysis 
against the elderly. 

The resulting  cost-effectiveness  equation is 

SE 

Where SC,, is the  change  in  program  costs 

X m n r h  is the  change in the  cost of morbidity treatment 

6CmQnis  the change in the  treatment  cost of a fatality 

is the change in the cost of property  damage 

SC,,,,, is the change in the number of fatalities 

SC,,,, is the change in the number of injuries 

Any data,  whether  dollar  costs or outcomes, which was  not  presented in a one year time 
frame  was adjusted to an equivalent year's effect before any conversions  were  attempted 
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Some  interventions involved a  decrease in the  rate  of one crash  type  and an increase in 
the  rate  of  another  crash  type. In these  cases  the net effect in terms  of  outcomes 
calculated (e.g., lives saved and lost), was used to calculate the effects on outcomes 
overall. 

Where  costs and benefits were  expected to  occur  over  more  than 12 months  these  were 
discounted  by 5% for a period either specified in the original study, or as per a  judgment 
made  regarding  the likely  life ofthe project. This ranged from  anywhere  between 2 and 
10 years. In calculating cost-effectiveness ratios, where  costs and benefits had  been 
discounted,  then  outcomes ( i e . ,  lives saved, injuries avoided) were also discounted over 
the relevant time period and also at a 5% discount rate. 

2.2.3. Effectiveness 

Where  studies  used effectiveness data (i.e., life years saved, injuries avoided) that was 
drawn  from  another study, the effectiveness of  the  intervention  was  unquestioned.  Where 
the effectiveness data was that  reported by the  study itself, and a range  of effectiveness 
estimates  were provided, the  lowest ofthese were  used  for  the calculation of dollar 
benefits and cost-effectiveness ratios Where no range was presented then a judgment 
was made  regarding  the  strength ofthe effectiveness results and these were adjusted 
accordingly before dollar benefits were calculated. 

2.3. Criteria For Inclusion Of Studies 

2.3.1. The  Literature  Search  Strategy 

A literature  search in the field of road safety program effectiveness was  conducted. A 
more or less complete  and  up-to-date  overview ofthe published literature in the national 
and international spheres  was achieved. The project team was able to survey recent 
literature  and  documentation  which described, analysed, and evaluated road safety 
programs in terms of effectiveness. Attention  was directed to  those which were in 
National Road Safety Strategy priority areas, or which  showed potential for extension 
and/or  improvements in implementation, and those  that  were likely to  produce significant 
and measurable gains in the  short to medium term. Those  programs.that  demonstrated 
sound  needs assessment, planning processes,  appropriate implementation strategies, and 
which  address  the issues of cost-effectiveness and sustainability were particularly sought. 
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A  detailed  literature  search  was  conducted, looking for studies, both Australian and  from 
overseas, on the economic  evaluation of different options in the priority areas as outlined 
in the National  Road Safety Action Plan The methodology  for the search was as 
follows: 

(i) A detailed  computerised  literature search and review was initiated using the 
IRRD, Medline, ROAD,  LASORS, Engineering and Applied Science (RMIT), 
Econlit  and  overseas  databases to determine available studies This actkit); was 
continued  throughout  the project Other data  sources  were  explored,  during the 
project to ascertain the most  up-to-date information e.g. Government repol-@ 
studies  undertaken in key centres such as the Australian Road Research  Board 
(ARRB), the " R C  Road Accident Research  Unit, Adelaide ( M U ) ,  
Monash University Accident Research  Centre  (MUARC),  the Australian Institute 
ofHealth and Welfare (AIHb!) and the  Kational Injuries Surveillance Uni t  
(NISU). 

Key  words used  in the  search included the following  terms  either singly or i n  
combination. 

road  safety;  road  trauma. injury prevention, road accidents. speed 
management; driver training; drink-driving; economics,  cost and cost 
analysis, economic evaluation: cost-efFectiveness analysis; cost-benefit 
analysis; health promotion;  trauma  prevention; effectiveness 

The aim was  to identify effectiveness and cost-effectiveness  studies that could be 
applied in road safety priority setting Inclusion criteria also extended to studies 
which  presented effectiveness and cost data sufficient to constntct  a n?eaningful 
cost-effectiveness analysis. 

Despite  the  comprehensiveness of the literature  search, only a  few  genuine  cost- 
effectiveness studies were found applied to  road  safety  programs. As i n  the 
transport  sector generally, the majority of economic  studies used cost-benefit 
methodologies  These varied in the strength of effectiveness evidence, and i n  
those most concerned  with  program planning or proposals, the effectiveness was 
usually only a  crude  estimate 

There  was an extensive  literature on  the effectiveness of road safety programs, 
but without  economic  evaluation. Again these  studies varied widely in the quality 
of their design, their  data, and analysis Due mainly to  the time constraints ofthis 
consultancy, it was decided to confine our  attention only to  those studies that 
were,  or  could  be  converted to, cost-effectiLmess analysis 

A selection of convertable studies that represented the widest range of pro, O I - ~ I ~ S  

possible were compiled on a  database (AIS Access'2) using an economic analysis 
framework developed for  this  study. The  total number of records so treated was 
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48. Specific configurations of the database  were  output into table  form for 
illustrative purposes. 

(ii) A written  overview of  the evidence relating to the cost-effectiveness and cost- 
benefit analysis of the included studies is presented in a hard-copy format of the 
master  database (available as  separate  document) 

2.3.2. Other  Documentation 

Many  road safety programs  are  not published in the  literature. Their details appear in  
government technical reports, or in conference  proceedings.  The NCHPE already had a 
collection of such documents pertaining to  the  area of road safety. The project team 
reviewed relevant annual reports and  recent  conference  program  abstracts.  Contact  was 
made  with those individuals and organisations  whose  programs  indicate they have 
addressed some or all of the issues of 

developing priorities; 
cost-effectiveness; 
quality of program delivery; 
evaluation, particularly that  which is useful and  actionable 

2.3.3. Inclusion  Criteria 

Two inclusion criteria were  used  to decide which  studies  were  converted to cost- 
effectiveness analysis using the  methodology  above 

1. Studies  needed to identify a  change in road  trauma  outcomes e.g., lives saved 0 1  

injuries avoided, in order to allow for  the recalculation ofbenefits  and/or  the 
(re)calculation of cost-effectiveness ratios. 

2. The  costs  associated  with  the intervention needed to be identified within the study 
itself. This generally limited the studies available for conversion from cost-benefit 
analysis to cost-effectiveness analysis to  those which separately identified the 
outcome  data.  Some  studies only reported  the money value of  outcomes and these 
had to be excluded. Only 9 cost-effectiveness analysis studies  were  located in the 
literature  search and only 7 were able to  be adjusted to fit the methodology used in 
this report. Sixty-nine (69) cost-benefit analysis studies were identified of which 41 
could  be  converted using our  methodology. 
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2.4. Cost-Effectiveness Ranking Versus Cost-Benefit Ranking 

We have  converted all studies  into  cost-effectiveness ratios and compared  the ranking 
with the original cost-benefit or cost-effectkeness  ratios.  The rankings might  be 
different for two main reasons. 

1.  The methodology  in the original study may not  conform with standard 
approaches to cost-effectiveness analysis. For example,  studies may  have  only 
included government costs and excluded private costs 

2. Cost-benefit analysis which uses a high value of life  will ensure higher net benefits 
for  programs which reduce  a relatively small number of fatalities as opposed to 
those projects which eliminate a large number ofminor injuries. Cost- 
effectiveness analysis, based on  the cost  per injury avoided, may give diferenr  
ranking to cost-benefit analysis in this case. We have compared  these  two 
approaches  in  the  Table , 4 4 3  in Appendix- 4. 

2.5. Other Issues 

Few Australian  studies on  the economic  evaluation of road safety interventions  have 
been  undertaken  and this project  has  incorporated the appraisal of overseas  studies. 
Where possible these appraisals have been assessed for applicability to the Australian 
context. Most of the studies relating to road  trauma  prevention  programs have focused 
on  the  three  most important prevention measures - road  user issues, engineering, and 
legislative components.  Limited information is available on the  costs and benefits of 
community-wide  road  safety  intervention  programs  that aim to modify multiple risk 
factors in the  population. 

1nAppendi.x I is a description oftheoretical  frameworks  that may ultimately be used in 
measuring the effectiveness of road safety measures, 

In Australia there  are a number of key participants representing a range of individual and 
organisational  viewpoints in the field of road safety. There is a wide  range o f  opinion 
about  road safety program effectiveness and  how it should  be  measured Usually the 
approach to  the analysis of an intervention or program can be largely dependant  upon  the 
process  that the research is informing 
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3. Results 

3.1. The  Presentation of the Results 

Tables A4.1-   A4.4,  provided at Appendix 4,  summarise the results of  the analysis. The 
studies  have  been  arranged by national priority areas.  Each  of  these  tables  shows  the 
present  value  of  the  total  cost  of  the  program  and  the  present  value of the net cost (total 
cost less estimated cost savings). Where  the  cost savings exceed the  cost  of  the 
program,  net  costs  are negative (in brackets). Most of the  cost savings have  been 
estimated using methodology discussed above.  Some studies, however, did not allow 
this  and  the net costs  are  those  reported in the original study.  This is the case for  the 
heavy vehicle study and for most of  the vehicle safety studies. 

Table A4.1 shows  the benefit cost  ratio  from the original study along  with  the  ratio of 
net  costs  to  consequences  for four measures  of  outcome.  Ratios  are  shown  as  the  cost 
per “life saved’, “life years saved, “serious injuries avoided” and “all injuries avoided’. 
Where  net  costs  are negative no ratios  have  been calculated. Not all studies  reported  the 
4 measures  of  consequences.  There  are 31, 3 1, 32 and 33 studies  with  the 4 measures 
respectively. 

Table A4.2 shows  the ranking of  the interventions by four cost-effectiveness ratios: the 
ratio of net costs  to lives saved, life years saved, life and  serious injury saved,  and all 
injuries saved. 

Table A4.3 shows  the ranking of  a suh-set of  studies  by benefit cost ratio, and the  four 
cost-effectiveness ratios.  There were only 25 studies  from  which  comparable  ratios could 
be derived. 

Table A4.1 shows  the ranking by lives saved and by all injuries avoided of  those  studies 
which  had net savings. 

3.2. Results Of Ranking Differences 

Table A3.2 suggests  that  the ranking of programs by cost-effectiveness ratio is sensitive 
to  the measure  of  consequences.  The ranking of  some  programs vary according  to 
whether mortality or morbidity is used  as  an  outcome  measure.  This is notwithstanding 
some bias towards uniformity imposed by the way in which the  data  was  constructed In 
just  over half of  the  studies  data  was available on the actual distribution of casualties, and 
many of  the analyses used  a fixed distribution of injury severity per casualty crash. Thus 
the  choice  of  outcome  measure  could be very important in determining the  choice of the 
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program.  There  are  no differences between cost per life saved and cost per  life y e x  
saved because  the  data did not allow us to differentiate consequences by age  However 
in principle, these could give different rankings: for example, for child safety  harnesses 
and cycle helmets. A large number of studies had net savings and were  therefore not 
amenable to ranking by cost-effectiveness analysis. Strictly  speaking they should all be 
done.  However since in reality some ranking may be necessary two approaches  are used 

First,  Table A4.4 shows  the rankng of those  programs  with net savings by  lives saved 
and by all injuries avoided. The rational is that we cannot  choose  between a large saving 
and one which is close to  zero then let us assume  that they are all close  to  zero and 
choose on  the basis of outcomes.  The resulting ranking in Table A4.4 is interesting 
insofar as  the more  expensive  programs  are not necessarily the ones which save  more 
lives or  injury  The analysis is limited however by the assumption  that the level of saving 
i s  unimportant.  However  as  a generalisation within the set of programs with net savings 
those with the highest expenditure tended to  have both the highest absolute net savins 
and the highest level of injury reduction This is what you would expect if  no account is 
taken ofthe rate of return from the constrained money expenditure As with table A4.3, 
the ranking was different depending on w-hether the focus was on lives saved O I ~  injwies 
prevented 

Second, we examine explicitly the issue of a  constrained  budget in section 3 5 below 

3.3. Results Of Rankiogs Across Program  Areas 

In principle cost-effectiveness analysis is capable ofmaking  statements about the 
efficiency of resource allocation across  program  areas. In practice in this context the 
limited number of studies within each priority area  prevents any conclusions being drawn 
regarding the cost-effectiveness of investments between  program  areas.  There s e e m  to 
be some bias in the number and quality of studies  conducted in each area. Road 
engineering projects are particularly over  represented  and  almost all have net benefits and 
therefore  rank  at  the  top in a cost-effec.tiveness framework. In addition,  the  road 
engineering appraisals are all expost and are likely to have  undergone preliminary 
screening and appraisal. They also contain better  evidence of effectiveness and are, 
therefore,  less  uncertain  in  their impact This is not to say that  future investment In  r-oad 
safety  should be directed  toward road engineering, but  rather  that  these  particular 
completed  programs  have  represented efficient use of resources.  Future investment 
priorities are informed by this only to  the extent that they provide  part of  the benchnlark 
ofwhat might be  expected of an efficient program. Within the  other priority areas, 
however,  programs  range  from the  top to the  bottom ofthe rankings. This in part 
reflects  uncertainty on the part of analysts of  the likely effectiveness of  the  programs, 
most of which are based on modeling rather than actual  effectiveness data 
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3.4. Results Of Rankings Within Program  Areas 

It is difficult to generalise about  the implications of  the cost-effectiveness analysis within 
the priority areas. Only the  road  user issues area contain enough  studies with a range of 
rankings to allow comparisons.  There is some  suggestion here that some  programs 
focusing  on  speed  are less cost effective than  others which focus  on alcohol or cyclists. 
However, it is also clear that  there  are  counter examples within these  categories It 
should be  noted that  even within the studies re-analysed the results were sensitive to the 
assumptions  made and although every effort was made to ensure consistency, a certain 
amount of discretionary judgement  was inevitable. Where  the  data  was  taken directly 
from  the  studies  the  extent of sensitivity to  the  assumptions  made is unknown. 

3.5. Results Of Using A Programming Technique To Rank In 
The  Face Of Budget Constraint 

As previously discussed, choosing  which  programs to implement solely on  the basis of 
cost-effectiveness  ratios is not  appropriate if there is  budget constraint facing the  agency 
and programs  are  not perfectly divisible (i.e.  you  cannot do  25%  of a program or 3 times 
a  program).  In  this  case, it ifyou want to maximise an objective subject to a resource 
constraint, one  approach is to use  some  form  of mathematical programming. l~irhle A4.5 
shows  the results of a simple computer  programming  iterative  solution to such an 
optimisation analysis. The  assumed aim  in this example is to maximise the number of 
lives saved by adopting projects with  a given cost  to  the agency subject to an overall 
budget  constraint. Three  budget  constraints  have  been  used. $3 million, $7 million, and 
$50 million. The  programs  are listed in order of their agency investment cost per life 
saved.  That is to say, the  costs  are  not offset by savings to  other agencies or individuals. 
Thus  the initial ranking in Table A4.1 is different from Table A4.5. With  a  budget of $3 
million the first and  the  third ranking projects could not be  done. A decision maker 
might  be  tempted to undertake  the 2nd and 4th programs  however, if he was proceeding 
to base decisions purely on the ranking in a league table of results.  This  would  not 
maximise lives saved for $3 million expenditure.  Rather  the analysis suggests that 
projects  2,5,6,  and 7 should be  done,  as this saves 82 lives with an expenditure of 
$2,911,530 With  a  budget of $7 million the decision is much more straightforward, and 
conforms  with  the ranking by cost-effectiveness ratio after excluding the first program 
The  budget  constraint of $50 is much  more complex. While it suggests including the 
first 9 highest ranking programs  on cost-effectiveness ratios and excluding the 9 lowest 
ranking programs,  the  pattern of accept  and reject from  the remaining 11  programs is  not 
obvious  by  inspection. By  choosing  the  appropriate mix of  programs it is possible to 
save  2,591 lives at a budget cost of $49,986,226. 

This  suggests that while simple cost-effectiveness ratios (and cost-benefit ratios) wil l  
provide  a  good rule of thumb in determining the optimal use of  resources  to achieve a 
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given  objective,  other rules are necessary in  the  presence of a  resource  constraint 
Where  the optimal combination is not obvious  from  inspection ofthe  costs and outcomes 
of  the  programs,  some  form of mathematical programming  can be used. 
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4. Discussion 

4.1. Literature  Review:  The  Approach  Taken In Other Studies 

The  three main evaluation techniques used  in road safety are cost-benefit, cost- 
effectiveness and multi-criteria evaluation. Some  major cost-effectiveness reviews were 
made  about 15-20 years  ago  (see  Downs & Larkey; OECD, 1981). Since then, apart 
from  mention in texts such as  Jones-Lee  et a1(1987), reference  to cost-effectiveness 
techniques  has declined, and cost-benefit seems to be  the  method  of choice used for 
economic analysis by road safety researchers.  This is particularly evident in the 
Australian literature. The  reasons  for  this trend are  not  apparent,  but may have 
something to  do with the  appeal  of assigning a set monetary  cost  for  a  death or serious 
injury to the  denominator.  Apart  from being easy, this approach also looks authoritative. 
In reality, however,  this hides a  lot of  the  assumptions  that  are involved in arriving at the 
value of a statistical life (see above, under  Methodology),  which  can lead to distortions in 
the priority setting  process. 

4.2. Cost-Effectiveness  Analysis And Priority  Setting 

Cost-effectiveness analysis of road injury intervention is a viable alternative  to cost- 
benefit analysis. It seems clear that it is possible and meaningful to calculate  the  cost- 
effectiveness of  road safety programs  on  the basis of cost  per injury consequence. It is 
also possible to rank programs  on  the basis of their cost  per injury consequence  Cost- 
effectiveness analysis seems to provide similar absolute values for  programs  where 
conventional benchmarks  are  used.  That  is to say programs with a benefit cost ratio in 
excess of  the  accepted level of say 3;1, tend to have a  cost  per life year saved less than 
$30,000, which  is less than many common health care  interventions  which  have  been 
evaluated.  However cost-effectiveness analysis may produce different rankings of 
programs especially where minor injury is a  large  component and depending on how  cost 
savings are  treated in the benefit cost ratio. 

The limitation on  the  use  of published cost-benefit analysis studies of road safety 
interventions is that  the underlying data on the effectiveness ofthe  programs is most 
often  weak.  Techniques  of evaluation are often not rigorous.  There is little use of  good 
experimental designs and too much evaluation is based on intuitive guesswork. In the 
short  term decisions have to be  made and we would  continue  to  recommend  the use of 
economic evaluation, however in the  longer  term  we  would  recommend an effort to 
improve  the  standard  and consistency of evaluation. Consistency in the  area  of  economic 
evaluation would also improve the quality of information for decision making. Many 
cost-benefit analysis studies  had flaws in design which were  inconsistent with the  theory 
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and practice ofthe cost-benefit  approach A lack of the  use  of sensitivity analysis was  
also  apparent 

Cost-effectiveness analysis has the  strong  advantage  that it is more  transparent in its 
decision rule That is to say  it allows the decision maker to  adopt a benchmark  figure Cor 
the value of  an injury or fatality and say that a particular  program has a cost  per injury or 
fatality less or more  than they are prepared  to pay (eg. if a  program  cost  more  than 
$50,000  per life year saved it may be rejected.)  However  the lack of appropriate  current 
data  on  the predicted  outcomes of interventions limits the  use  of  cost-effectiveness fol- 
resource  allocation  across  program  areas. 

Many of  the evaluations have been  done for a group  of initiatives at a particular level of 
expenditure.  This  makes it very difficult to evaluate the cost-effectiveness of future 
initiatives at perhaps different levels of expenditure. We might have evaluated  a progaln 
to improve  road  conditions at 40 black spot  locations but this might tell us little about 
the cost-effectiveness of  the  41st or another 20 elsewhere.  There is a need for studies lo 
evaluate the marginal cost and outcomes  for  interventions and to consider  the 
transportability of the results. Only one  study which we looked at (Cameron, 1993 j had 
sufficient detail to allow a marginal cost-effectiveness to  be carried out. In many ways 
this  study  was a good example of an evaluation with a valid study design and  containing 
sufficient detail to allow transportability. 

Where  the safety budget is constrained  there  are  dangers in the simple application of 
ranking costs effectiveness ratios.  There may be a role  for mathematical programming 
techniques in determining the optimal profile of programs a n d  the level of each progt-am. 

4.3. An Example of Decision Making Using Economic Data 

Let  us  take a practical example of a program decision. We want to decide  whether to 
implement a  program  of  fatigue  edge lining which would include a publicity campaign 
(Road  Safety  Priorities  Program, 1994) The total  cost ofthe program is $l,OOO,OOO, 
the net  savings  are $229,556, and the number of injuries avoided is 91. I fwe compat-e 
the  ratio  of benefits to costs  with  other  programs this one has a BCR of 4 and ranks 
12th.  Since it has  net savings it  is ranked at the  top of the  program list using cost- 
effectiveness analysis. In terms of lives saved it is ranked 7th; in terms  of net cost it is 
ranked  14th and in terms of all injuries it is ranked  15th i.e. a quarter to a half way  down 
our list. The  cost  to  the  investing agency per life saved is $76,982. If  the agency who 
funds this program is only interested in its  own  expenditures, and has a  budget  of at least 
$3m then this is one  ofthe projects that it should do  The decision of whether to  do d i s  
program depend therefore  on  whose perspective w-e take,  what is our  measure of safety; 
and of  course what else competes  for  the  budget. In this case the  program  seems cost 
effective since it has  net savings, is in the  top 2546 of programs in terms of injuries 
avoided, and it would be chosen by an agency with a small budget  who wished to 
maximise injuries avoided 
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4.4. Effectiveness Evaluation 

4.4.1. Study Design Adopted To Evaluate  These  Road T r a ~ ~ m a  
Prevention  Programs 

It is self-evident that the design of evaluation studies of road  trauma prevention 
programs will be shaped by the particular characteristics of such road  trauma  programs 
and to a  lesser  extent  by  the  nature of  road injury, as distinct from  disease For example, 
prevention  programs based on  road engineering or mass  media  are  not usually amenable 
to randomised  control trials in which individuals are  allocated  on  a  random basis to 
study and  control  groups, as is preferred in the evaluation of health programs In 
addition  the  more ready availability of routinely collected data  on  road injury (for police 
or insurance  purposes)  means  that  road  trauma researchers are  not  forced  to use 
expensive, purpose designed data collection systems that  other health program 
evaluators  are often obliged to  use in their studies. 

Nevertheless,  there  are some common desirable features  that should occur in program 
evaluation of all types, road  trauma prevention programs included. These  concern the 
selection ofthe most  appropriate  and  rigorous  study designs. It was  apparent  that this 
did not always occur in the  conduct,of  the  economic appraisal papers  reviewed. It is 
likely that  these  shortcomings  are  not unique to  the  economic appraisal literature but are 
shared by the literature on  the,effectiveness of road  trauma prevention programs  more 
generally. 

For example there  were instances where  the  most  appropriate  control  group was not 
chosen. In the  Black  Spot  Treatment study (Motha, 1991), the  control  program (or 
group  of  roads) consisted of the full range of prevention measures  introduced on  all 
roads in the relevant states (which consequently included the black spot  treatment sites 
as well). A truer  control program  would  be those  state-wide  measures  as they impacted 
on Black-Spot sites that shared the same characteristics as the  treatment sites, hut were 
not  treated. This is because  the  two  groups of sites  share  as similar characteristics as 
possible except  for  the  fact  that only one  group has been treated.  It may be that the 
impact of  general prevention measures differ on  untreated  Black-Spot  sites  and all roads. 
If this is so then ‘all roads’ do not  constitute  an  appropriate  control  group and a study 
based on them may understate or overstate  the impact of Black-Spot treatment,  This is 
perhaps  an  example  where  the availability of road injury data  from  routine  sources 
disadvantages the road  trauma  program  evaluator since routinely collected data is not 
collected with  regard for that evaluator’s particular requirements  for  the  most  rigorous, 
best possible design for their  study. 

Cost-effectiveness of Road Safeetv Measures 3 0 



Furthermore, it  may be  that  even  after selecting the most suitable control  programs that 
differences remain in the circumstances and characteristics of drivers at the study and 
control  sites.  The acquisition of additional, specially collected data may be necessaty !o 
adjust for  the effect ofthese confounding variables operating at the  two different groups 
of  sites. 

Another  problem  encountered was  the use of raw numbers rather  than  rates  of injuries. 
This  can  produce  very misleading conclusions  about the value of programs.  For 
example, the  Iowa seat belt study  (Nelson et al, 1993) was based on  the proportion of 
road injury victims in casualty departments in Iowa, having particular characteristics i n  
terms  ofwearing seat  belts and the severity oftheir in-juries. Differences in the 
proportions of belted and unbelted victims dying or having serious injury among victilm 
may however not be  the same as differences betxveen belted and unbelted drivers 

4.4.2. Desired Features 

In general it is desirable that economic appraisal studies use locally collected and 
contemporaneous  data  on health outcomes  If this is done,  one  can be more  confident 
that effectiveness, if demonstrated. is real rather  than just hypothesised on  the basis of 
data  collected at another time and place and in different circumstances. Ifthe latter is 
used it may be that  the  results  are not generalisable to the local sire being studied I t  will 
be essential in such circumstances to use Sensitivity Analysis in order to test the effect of 
varying these hypothesised levels of effectiveness. 

Furthermore, as argued  above, it  is desirable that the most  appropriate  control prograln 
is used and that all known  confounding variables are identified and controlled where 
possible. This will require  that the most suitable study  design is chosen As well as a 
suitable  control  group, this is likely to incorporate before mduf ler  measurements I n  
some  circumstances  this may involve repeated  measurements ofboth (the  Inter]-upred 
Times Series Design). In  other circumstances, particularly when multiple factors  are 
operating  for variable but discrete  periods of time, a  Times  Series Analysis may be 
appropriate.  The  evaluation  of the TAC television advertising  (Cameron, 1993) i n  
Victoria is an excellent illustration of the use of this latter  technique 
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4.4.3. The Form Or Aim Of These  Evaluation  Programs 

Economic appraisal studies, by their  nature lend themselves to so-called summative 
evaluation studies. The  purpose  of such studies is to make  some definitive assessment of 
the  program being studied, the  consequence  of which is that funding for such programs is 
either expanded or curtailed. Nevertheless, it is possible that such studies may have as 
their focus so-called formative evaluation. This  means that,  at least in part, these studies 
are being conducted to determine if these programs  can  be modified or improved so that 
if they  were subject to economic appraisal in the future,  this  would be more  favourable 
than currently. For such a  study to  he  conducted, it will be necessary to collect 
additional data.  This will particularly involve driver and  victim reaction to  the program 
in circumstances of normal driving, near accidents or actual accidents when relevant 

4.4.4. Measures  Adopted to Assess  Health  Outcome 

Issues  associated  with monetising health outcomes in cost-benefit analysis road trauma 
prevention  programs  are discussed elsewhere in the  document.  These are, however, 
additional issues concerned in the measurement of health outcomes in the  context of 
cost-effectiveness analysis which will be discussed here. 

It is essential in cost-effectiveness analysis studies  that  there be one global measure of 
outcome,  rather  than several indicators of outcome. Preferably such a global measure 
should be sufficiently broad so that it makes possible a  comparison ofthe  cost- 
effectiveness of  programs  that  do  not  constitute alternatives eg mass  media  and edge 
lining. Global measures of this  nature should desirably assess impact of a program  on 
longevity or survival from  the injury but also the quality of life experienced by the victim 
after the injury. This is  most simply expressed by the  presence  and level of long-term 
disablement resulting from  the injury. Further it should combine and weight these 
longevity and quality of life impacts in a  way that  expresses  the relative importance  of 
these to injury victims. This is usually reflected in terms  of Quality Adjusted Life Year 
(QALY)  saved.  While indices measuring  QALYs exist, none are probably sufficiently 
well developed  and validated to  be  usehl  to  the  task being considered. It is relatively 
simple to derive such measures if death  and disability numbers, after appropriale 
weighting, are combined. 

The best alternative to QALYs is Potential  Years of Life  Lost  (PYLL).  This  expresses 
the impact of  death  from  road injury on longevity by estimating years of life lost based on 
age at death  from  road injury and age  at  death  from all causes. PYLL  does not capture 
Quality of Life effects resulting from non-fatal injury or indeed levels of non-fatal injury, 
as distinct from  death, generally. The choice of one effectiveness measure in the cost- 
effectiveness of  road  trauma  prevention  programs is currently either  death  alone (best 
captured by P K  or a  combined  measure of  death/serious disabling injury. The latter has 
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the advantage  that it does  not  ignore injury and that it generates  larger  numbers t h a n  
death alone - a  fact  useful in the statistical analysis of outcomes It has  the  disadvantaze 
that  currently it weights  death and serious injury equally and that it  may not be applied i n  
a  standard  way by different investigators  whose definition of serious disabling Ill-iuy  nay 
differ. Neither ofthe  two measures at the current time have compelling advantase and 
can  not  be  recommended for use  over  the  other.  In  this  study  cost-effectiveness of 
programs  are  ranked  using  both  measures,  where they are available. 

4.4.5. Morbidity  3Jeasures - Long-Term  Disability 

The  adoption ofthe QALY approach, as outlined above,  requires  the  categol-isation, 
measurement and costing of long-term disability states.  There is a lack of data on the 
causes,  frequency, and expense of these types of injury, the most costly in human and  
economic  terms. 

At the moment the evaluation of effectiveness, cost-benefit analysis, and  cost- 
effectiveness analysis all suffer from  lack of data in this area. It is likely that  current  data 
collection and costs  restrictions do not  capture  the full effect of  these  types  of i n j u r y  and 
that marginal increases in precision here  would dramatically improve  the quality of road 
safety  evaluation  more  than by any other  improvement. 

4.4.6. What  Could  Road Safety Managers Ask of Their 
Researchers'! 

The reliability ofboth cost-benefit and cost-effectiveness analysis depends  on the 
certainty of the benefits ascribed to the intervention.  This in turn  depends on the 
precision and accuracy of the evaluation of program effectiveness, and these issues have 
been covered  earlier.  Some  other  common problems that were  encountered In eslsting 
economic  appraisals of road safety programs  looked at in this study  are in the follow in^ 
areas: 

lack of attention to time frames; 

lack of rigour  in  interpreting effectiveness/ef€icacy measurements: 
cost  categories, 
discount  rates, 

0 lack of sensitivity analysis; 
comparator  not specified. 

These  are  some ofthe issues: together with a  more  rigorous collection of effectilreness 
data,  that could well be  addressed in the design of road  safety  studies. A more precise 
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identification of the specific kinds of data  and analysis that would be ideal is, however, 
beyond the  scope of the  present study. 
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5. Conclusions 

Cost-effectiveness analysis can be used as a tool in resource  allocation  decisions with 
regard  to road safety interventions.  At the present time, however,  there are  insutlicmt 
numbers of studies of acceptable quality to allow definitive judgements  to be made 
about priority setting  across  broad  areas ofroad safety interventions  Nevertheless  cost- 
effectiveness analysis could  be  used to determine  allocations within program  areas if 
sufficient information was available. Where data are  uncertain, formal statistical, or 
informal sensitivity analysis, could be used to inform decisions  about  particular budger 
allocations. 

The perspective of cost-benefit analysis and cost-effectiveness analysis is usually a 
societal  one. While financial appraisal  from the point of view of a single agency could be 
used to supplement  the  societal  perspective,  there  are  dangers in restricting eithel- costs 
or benefits to  one agency or sector  because  important Iinkases could be lost. 

Broadly  speaking, both cost-effectiveness analysis and cost-benefit analysis identify 
valuable  safety  programs. The ranking of these  programs may change due  to the 
different weights being placed on the  outcomes. Given  the arbitrary  nature o f  the ‘value 
of life’ weights being used,  we would recommend a closer look at the impact of these 
values on the relative merits of programs. If continued use is to be made of cost-benefit 
analysis studies,  researchers  should at least  report  the  unv-eighted values of llves saved, 
life years  saved, or injuries avened 

The quality ofpublished  evaluation  studies in the area of road safety has been qllestioned 
in this report. In particular, there  are some common desirable features  that should occur 
in all health program evaluations, road  trauma prevention studies included These 
concern the selection ofthe most  appropriate and risorous study  designs  Unfortunately 
such  features  were  absent  from most ofthe studies  reviewed. 

In summary, the major conclusions of this study  are as follows 

the overarching guiding principle in the choice of evaluation  approach, is that  the 
appraisal methods should match  the  research  question - the  choice of  the  form of 
analysis; the viewpoint ofthe analysis, the identification, measurement, and ualuation 
of cost and outcomes; should all reflect the research  question; 

where  the decision involves the comparison of projects  with  quite divergent outcomes 
(eg reductions in road  trauma,  versus  reduced travel time, versus  projects in rail or air 
transport,  etc.)  cost-benefit analysis should be considered the most favoured method 
of economic appraisal, but its  usehlness is weakened  by the  debate on the W u e  of 
statistical life’; 
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where  the  research  question involves projects, the  outcome  of which can be 
encapsulated in a single physical measure  (such  as lives saved), cost-effectiveness 
analysis could  be  the preferred technique, or at least a  very usehl adjunct to cost- 
benefit analysis; 

both cost-benefit analysis and cost-effectiveness analysis of  road safety programs can 
inform the  process of priority ranking, decision-making, and policy development, 

the reliability of  both cost-effectiveness analysis and cost-benefit analysis depend, 
among  other things, on the certainty of  the benefits predicted,  and  hence on the 
precision and accuracy  of  program effectiveness evaluation. While there is evidence 
of rigorous well designed economic appraisals, overall the  standard is very variable, 
and steps need to be  taken  to improve the quality and consistency in the  conduct and 
reporting of studies.  Current  practice in this area (as evidenced by the published 
studies) requires  improvement; 

the main advantages  of cost-effectiveness analysis in road safety decision making are 
that: 

(1) the value of a  project is not influenced by the value of  a statistical life, 
(2) cost-effectiveness analysis can be adapted to suit a  number of policy arenas, 

e g. it can  be  used  to  compare  road safety programs  with  other  types  of 
programs  which result in the  same benefits, such  as health or emergency 
services, or even air pollution control; 

program budgeting, that is easier to communicate to decision makers  and  the 
general public e.g.  cost  per crash avoided, cost  per fatality prevented, 

(3) cost-effectiveness analysis enables a  transparent, yet systematic approach  to 

the principal disadvantages  of cost-effectiveness analysis in road safety decision 
making are  that: 

(1) cost-effectiveness analysis does not provide a  means of explicitly weighing 
safety effects against the  other beneficial and harmful effects of decisions; 

analysis does not enable comparison with other  transport  sector  programs, 
(3) the  interpretation of cost-effectiveness analysis is unfamiliar to road safety 

management. Despite  the unfamiliarity of  the  approach,  the  idea  of  cost 
effectiveness analysis has appeal to Australian road safety managers 
- especially in that  the results of cost-effectiveness analysis are 
easy to Communicate 

(2) costs and benefits are  not valued in the  same units, hence cost-effectiveness 

One  category  of potential cost saving from  road safety initiatives that is ignored or 
poorly measured at present, is long  term disability from  road  accidents. 
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In principle cost-effectiveness analysis could be used to assist i n  resource allocation 
decisions at all levels of decision making in road  safety. It could be used to determine 
the optimal mix of  programs within a priority area  as well as to determine which broad 
area  warrants  extra investment. Data  requirements are a  barrier to each of these  tasks, 
but particularly the  latter. In order to determine  the best place for additional investment 
we need to  know  the Cost-effectiveness of the marginal project in each priority at-ea. We 
have identified only a small number of published studies overall which can provide 
reliable evidence on both effectiveness and costs, and a very small number of studies in 
some  areas. It would be  dangerous,  therefore, to rely too heavily on  current  economic 
knowledge to allocate  resources  between priority areas.  On  the  other hand, given a 
longer  time frame, it should  be possible to  frame  research in this  way. In the meantime, 
cost-effectiveness analysis can be used within some  broad  program  areas  where  there is 
sufficient reliable data.  This seems to be the case,  for  example,  in  road  environment 
programs  where unpublished data may be available on the expected costs and outcomes 
of particular  investments. In the absence ofperfect  data a  great deal can be done with 
the  use  of informed views of the likely effectiveness of interventions and their likely 
costs. When used with sensitivity or threshold analysis it  is possible to show which 
programs  are likely to be cost effective, and  which  will not be even  under  the most 
optimistic  assumptions In this case  the  choice of economic analysis type is not likely to 
be  important. In  these  cases  the  economic  worth of a project is likely to be robust 110 

matter the assumed economic  value of intangibles such as lives saved or pain and 
suffering avoided.  Where  more detailed marginal choices  have to  be made,  however, for 
example on program expansion, it is not only necessary  to  have good knowledge of rhe 
marginal effectiveness of a program, but also ofthe impact ofthe program  on the 
relevant  budget. In other  words  what safety interventions have to be given up i n  01-der to 
expand a  particular  program. 
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6. Recommendations: 

Recommendations arising out  of  this study are: 

6.1. Development Of Evaluation Guidelines 

That methodological guidelines for  the evaluation and economic analysis of road 
safety countermeasures be developed by the national peak  road safety organisations, 
in order  to: 

(1) generate a national ‘pool’  of  research results that  could  be shared by  all 

(2) ensure consistency of  reporting;  and 
(3) enable greater comparability of  road safety program  evaluations 

stakeholders; 

6.2. Cost-effectiveness 

That  road safety managers consider the cost-effectiveness methodology as a useful 
adjunct to decision making and priority setting for road  trauma prevention projects. 

6.3. A Research Imperative 

That  a small investment in recording and costing  long-term disability from road 
accidents be made in order to greatly  enhance the quality of evaluation achievable in 
road safety. 

6.4. The  Need To Determine A Common Outcome 
Measurement 

That  road safety stakeholders consider adopting  the Quality Adjusted Life  Year 
(QALY) as the most  appropriate  standard of  outcome  measure  for  road safety cost- 
effectiveness. Failing this, that the  Potential Years ofLife  Lost (PYLL) measure be 
used. 
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6.5. Resource Allocation Using Current Data 

That in the  short run where  data is less than ideal, decisions be based on an analysis 
whose methodology is consistent with  economic principles, using best estimates of 
costs and  consequences  combined with sensitivity analysis. 
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8. Appendices 

8.1. Appendix 1: Conceptual Framework for Analysis 

Before any  firm conclusion can be made  with  respect to  the prioritisation of  resource 
allocation decisions  for road safety (including the  treatment of road  trauma),  there is a 
need to systematically appraise  the wide  range  of  interventions using primary costing 
data and epidemiological evidence from  both Australia and  overseas.  The National 
Centre for Health  Program  Evaluation is currently developing two  approaches to address 
priority setting - the  “Economic  Framework  for Allocative Efficiency” model and the 
Macro  Economic  Evaluation  Model (MEEM) 

The first model is extensive and  concerned with the development of a health planning 
framework for the achievement of allocative efficiency, by comparing  the  costs and 
effectiveness of  programs  across  the  whole health sector.  The aim is to compare all 
possible health  interventions  for a specific disease state,  grouping  them  by  stages 
including primary prevention, early diagnosis, disease management,  prevention of 
complications  and  end-stage  care. 

MEEM,  a  joint  project  between  the NCHPE and  the Australian Institute  of  Health and 
Welfare, is designed for impact costing, and  resource allocation in the health promotion 
and illness prevention  sector.  It  is essentially the  construction  of a ranking index from 
the systematic analysis of available data bases allowing the  evolution of a broad-based 
framework  for priority setting. The underlying rationale for  MEEM is that  judgements 
about  priorities for health promotion  and illness/injury prevention should be based on 
information about:  the public health significance of the  disease  condition (e.g. as 
measured by cost-of-illness, morbidity and mortality indicators); the  theoretical 
preventability (efficacy) and practical preventability (effectiveness) of  the disease; and the 
relative cost-effectiveness (efficiency) of individual preventive  measures aimed at 
achieving the potential for  prevention. 

While the  scope and timing of  the  current project will not allow for  a  complete  working 
of  these  approaches  to fit the priority setting of  road safety programs,  the underlying 
principles of  the  above modelling approaches  can be applied in the formulation of a 
matrix  presentation  of cost-effectiveness. 
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8.2. Appendix 2: Worked example of an entry in  the cost- 
effectiveness database 

Nguyen,  Hodge and Hall (1987) is a good example of the application of  the  methodology 
used in this study. The following is a  stepwise  working  which  demonstrates  the basic 
principles and  approach used to develop the  tables of results  (Section 5) 

Title:  The road safety effectiveness of traffic signal installation at 4-leg  intersections in 
Victoria. 

Author: T  Nguyen, G Hodge & K Hall 

Journal:  Nia. Explanation.  The  study  was an unpublished Road Traffic  Authority 
(Victoria)  report and therefore this category is not applicable (N/A). 

Date: Jan 1987 

Issue. N/a 

Evidence of effectiveness: Yes Explanation: This study  contained  ‘before and after 
estimates of  the effects of the signal installations on various  categories of casualty 
accidents. It did not refer to  another study 

Intervention  Description: Estimation ofthe effects on outcomes,  benefits and costs, of 
traffic signal installations at 4-leg  intersections in Victoria.  Explanation.  This st~ldy 
firstly calculated the effects of installing traffic signals at 4-leg  intersections (two roads 
crossing  each  other) in terms ofthe different accident  types  (i.e.,  pedestrian,  cross-traffic, 
right against), and secondly  used  these  outcomes, and cost  data, to calculate dollar 
benefits for the  purpose  of deriving a cost-benefit ratio. 

Hypothesis  Tested: That the installation of new traflic signals at 4-leg  intersections 
reduce  death and injury from the collision of turning vehicles with  oncoming traffic, and  
yield net social savings.  Explanation.  The  authors  were  interested in determining the 
effectiveness of the traffic installations in terms  of  accidents, and also in dollar  terms 

Comparator(s)  description:  Before  the installation of new traffic signals. Explanation. 
The  study  compared  before and after accidents  rates ofthe sites treated. 

Type of analysis: C/E. Explanation:  The  codes used here were cost-benefit analysis 
(CEJ), and cost-effectiveness ( C E ) .  
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Benefit  or  outcome  description: M. Explanation:  The  codes  used  here  were: injul-ies 
avoided (IA); lives saved (LS); money (M); crashes avoided (CA); other (0). 

Omitted  categories  from benefits in this  type of analysis: No. Explanation:  The study 
included all the benefits which are included in the methodology i.e., medical, hospital, 
and property  damage savings. 

How were  money  benefits  calculated?: HC.  Explanation:  The  codes here were human 
capital (HC), willingness to pay hedonic prices (WTPH), and  not applicable (Ni.4) 

Discount  rate  for  benefits (%): 0. Explanation: This was  the discount rate used by the 
original study.  Equal  to 0 indicates no discounting used, or not specified by study (NS). 

Cost/price  data year. Cost data; 1976.  Explanation: This indicates  whether  the study 
used cost data or price data, and the year in which the  data  was. 

Currency: $ A m .  Explanation:  This  was  the currency in which the values for benefits 
and costs  were  reported.  The  codes  were Australian dollars ($Am),  and  United  States 
dollars ($US). 

Incremental  Cost: Yes Explanation: This was concerned with  whether  the  costs 
calculated  were for a marginal increase in the intervention. All studies  were. 

Program  scale: 82  new traffic installation sites in Melbourne metropolitan area; 
$12,965,067,  Explanation: This described the population size ofthe program, and the 
total  cost of the program. 

Duration of costs: 10 years. Explanation: This described the time period over  which  the 
program  was assumed to incur benefits, and  therefore  costs  as well. 

Which  costs  included: Medical; hospital; productivity; program.  Explanation: This 
described the which costs (including cost savings) the study included in its analysis using 
keywords. 

Which  costs  excluded: None. Explanation: See  previous explanation 

Discount rate for  costs (%): 10. Explanation:  The  discount  rate  used  by  the study for 
its benefit calculations. I 

Sensitivity  analysis: N. Explanation: This described the type of sensitivity analysis used 
in the study (if  any) using codes:  none (N); single parameter  (S);  and  threshold analysis 
(T). 

Summary of findings: Found cost-benefit ratios of between 7.4  to 5 using direct works 
costs and  total costs, respectively. Explanation:  The study calculated two cost-benefit 
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ratios,  One including the direct costs ofthe project and another using all costs  associated 
with the traffic signal installations 

Cost-benefit  ratio  (n:l):  5. Explanation: The lower of the  2 cost-benefit ratios  are used 
for ranking  purposes 

Notes on benefit  measurement' A1 benefits included; converted benefits were 
$8,753,863.  Explanation: The  study included all benefits which were required  under the 
methodology.  The  present value of the converted  benefits  under the methodology is also 
reported 

Notes on cost  measurement:  Authors include all likely costs  of  the  program. 
Explanation.  The  study included all costs which were required under  the  methodology. 

Cost  to  agency/government. $111,965,607. Explanation:  This  was the present  value of 
the  costs  to government only, of undertaking  the  program. 

Total  cost:  $12,965,067.  Explanation: This was  the  present  value of all costs incurred by 
the program. In this  case all costs incurred by the  program were borne by the 
government. 

Net  cost:  $4,211,204  Explanation:  This is the present value of the net of the converted 
costs and benefits. A bracketed  figure indicates a negative net cost Le., net benefits. 

Lives  saved: 29. Explanation:  This was  the present  value of the lives saved (if any) by 
the intervention. 

Life  years  saved:  528  Explanation. This was  the  present  value of the calculated life 
years saved from the intervention This figure was based upon the life years  saved. 

Serious  injuries  avoided: 66.  Explanation:  This  was  the  present  value ofthe number of 
serious injuries (those requiring hospitalisations) avoided due  to  the intervention 

All injuries  avoided: 191. Explanation: This was  the  present  value of the  sum of serious 
injuries and other injuries (those requiring medical treatment only) avoided due  to  the 
intervention. 

Cost  per lives saved: $143,456.  Explanation:  This was the division ofthe present value 
of net costs by the  present value of the lives saved due  to  the intervention 

Cost  per life years saved: $7,970. Explanation: This is  the  same as the previous 
calculation except the denominator  is  now  the  present  value of  the life years saved 

Cost  per lives and serious injuries  saved.  $44,198.  Explanation: This is the same as 
the previous calculation except the denominator is now  the  present  value of the sum of 
the lives saved and serious injuries avoided. 
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Cost per lives and all injuries: $19,109, Explanation: This is also the same as the 
previous calculation except the  denominator  is now the present value of the sum of lives 
saved, and  serious injuries and other injuries avoided. 

Private costs: $0. Explanation: This was the present value of any costs incurred by the 
intervention  which  were  borne by individuals. In this case  no non-travel, non-time costs 
were  borne by individuals due to the intervention. 
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8.3. Appendix 3: List of Studies Examined but not Converted 

The following table  lists  studies  examined  in  the  course oftlus project. which nere not incorporalcd illlo 
the  major database or  results due to time  constra~nts  The lists  includes  reported  cost-benefir raiios from 
the  onginal studies, or cost-effectiveness  ratlos.  depending on the  nature of the study: 

4 

10. 

11. 

(14,7331; 

(11,52<j= 

45,323' 

17,180 

1,285 

25.324 
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Record Number 

12. 

13. 

14. 

15. 

16 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24 

Title Author Capilal 
CosUncridrrd 
avoided (S) 
18,462 

(680,829)1' 

29,261 

836 

127,186 

25,295 

14,601 

41,380' 

168,462' 

(3,052)*# 

(838,054)*# 

45.825' 

1,241' 
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26 

27 

28 

29 

30 

31 

Road usn Road Urrr 
hehariour 1993 Bhar iou r  

workmg Pmy 

BCR(n:lj Cnpitnl 
Castinrridcnl 
.voided (5) 

1 8  Nia 

10 

2.5 

6 5  

9.7 

7.59 

2.9 
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8.4. Appendix 4: Tables of Results 

Table A4.1: Cost effectiveness ofprogrammes: cost per life saved, cost per life year saved, costper serious injury avoided and cost per 

Intervent ion  Descr ipt ion (reference) 

. . . . . . .  oriv=rmininsand,LloH6ing:. :' .: . ' . . .  ~. . 
.~ . . . . . . . .  . . .  

. .  
, .  

. . . . . . . . . . . . .  
Night tlme  curfew  for  drivers in the first year  (Torpey et a/) 

. . . .  . . . .  &&y YehklG ?+amp:. . . .  . '  . 1 . .  . . . . . .  1 ,  . : j . ' j  I ' ,  : . . . .  . .  

. . .  . . . . . .  . . . .  

. .  

Installation of seat belts in school buses't (Begley et a/) 
. . . .  . . . . . . . . . .  :Road€n~i&mnt : : : ,  : : . ' ,  . .  . . . .  

. . .  . . .  
. .  

. .  ~~ . .  
, .  

Traffic  signal  Installations at &leg  intersectrons'  (Nguyen at al) 
51 black spot projects'  (Motha) 
46 accldent blackspot  treatments'  (Richardson G) 

installing 16 new  pedestrlan traffic signals'  (Teale) 

44  new  channeiisatlons' (Teale) 
Converting  20 cross intersections  to  T-junctions' (Teale) 

46 projects involving  installation of safety bars along roads. 
(Teale) 

installing 57 new  traffic  signals'  (Teale) 

Installing 53 roundabouts'  (Teale) 
Modifylng  49  traffic  signals'  (Teale) 
.RoadUf~ ' l :~uu: . : " . :  ; I . . ,  , ' '  

. . . . . .  . .  . . . . .  . . . . . .  
, , .  

. .  , 
. . . . .  . . . . .  . .  

Mandatory  blcycle  helmet use legislatlon in israelt (Ginsberg 8 
Silverbe@ 

Legaiising  footpath  cycling  (Torpey et  a/) 

injury avoided 

rota1 cost' Net cost' 
(n:1)' per life 
BCR Net Cost NetCost p e r  Net C o s t   p e r  life Net C o s t  p e r  

saved 
life year a n d   o t h e r  
s a v e d  serious in ju r i e s   o the r   i n ju r i e s  

life and all 

saved saved 
. . . . . . .  . . . .   . . .  . . . . .  . . . . . . .  . . . . . . . . . . .  . . . .  . . . .  . . . .  . .  .. .: . . .  . . . . . . . . . .  . . . . . .  

, . .  . . . . . . .  . . .  . . . . .  . . . . . . . . . . .  .~ . . .  . . . . . . . .  . . .  . . .  . .  . . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . .  . .   . .  . . .  
. .  

. . ~ . . .  : . . .  : . . . . .  . . . . . . . . . . . . .  
$1,400,000 $560,000 

. .  . .  . .  

5 $150,000 $4000 
. .  . . . . . .  . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  $12.444 $6,000 

. . . .  . . . . . . . .  . . .  ~ . .  . . .  . . . . .  ~ . .  
. . . . . . . . . . .  . . . . .  . . . . . . . . . . . . . . . . .  .:. . . . . . . .  . .  

. .  ~. . . . . . . . . . . . .  . . . . . . . . . .  . . ~  . . . . . . . . .  . . . . . . . .   . . . . . . . .  . . . . . . . . .  
. .  . ,  . . . .  . . . . . . . . . . . . . . .  . .  

. .  . .  . .  
. .  
. .  ~. . 

$71,307,644  $54,9461 95 0.3 $197,661 $197,661 
. . . . .  . .  . . . . . . . . . . . .  . . . . . . . .  . . .  . . .  . . . . . . . .  . .  . . .  . . .  . . . . .  . . .  . . . . . . . . . .  . . . . . .  . . . . . . . .  . . . . . .  . . . .  . .  . . . .   . . .  

. .  , 

. . .  . . .  . .  . . .   . . . .  . . . .  . . . . .  . . . . .  
. .  

. . . .  . . ,  . 
912,965,067 $4,211,204 5 $143.456 $7,970  $44,198 
$7,032.292 

519,109 
$4,941,176 1 

$5,443,260 
$71,101 

($2.249.103) 5 6 

$13,059 

. .~ . ~ . .  . .  . .  

$536,010 ($2,624,142) 
$2,759,082 ($600,190) 

$497.459 ($1 ,476,255) 

$149.579 ($899,223) 

$3,715,494 ($14.830.424) 
$1,498,487 ($3,902.181) 

$1 ,754,960  ($4,445,381) 
. . . . .  . . . . . . . .  . . . . . . . . . .  . . .  . . . . . .  . . . . .  

. .  
. . . . . . . . .  . . . .  . . . . . . .  ~ . .  . . ,  . . . . . . . . .  

. .  . .  . . . .  . . . .  . . . . .   . . . . . . . . .  . . . .  . . . .  ~. . . .  
. . ~  

. . . .  . . . .  
. , .  . . .~ 

. .  , ~. , 

$23,358,503  ($36757,571) 3 

$1.250.000 $3,120,000 43 $192.593  $10,898  $2,452  $2,452 
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Table A4.1: Cost effectiveness of programmes: cost per l$e snverl, cost per [$e year saved, cost per serious in juv  avoided and cost per 
~~ 

Intervention  Description  (reference) 

A blcycle  safety  publicty  campalgn (RSPP) 

motor  vehicle occupants (Torpey el  a/) 
Promotion of wearing of protective  headgear by passenger 

Zero blood alcohol llmlt for  all motorcycllsts (Torpey el af) 
A package of alcohol  counter-measures. (RSPP) 

convlcled d m k  drivers  lor 6 years (Torpey el af) 
Fltting of an ignition  inlerlock as  a condltlon of relicencing  for all 

A televlslon and other medla adverhng campaign' (Cameron 
et ali993) 
Tralnmg for responsible sewing of alcohol In licenced premlses 
(Torpey el  af) 

lncreaslng the legal  drinking age from 18 Io 21 years (Torpey 
el  al) 
A fallgue edge lining  project Including: a publicity campalgn; 
seminariresearch on sleep  apnea, fatigue  monltors; and edge 
lhningfiaclile edge lining (RSPP) 
A fatigue t a c k  edge llnlng  project (a 1 OOmm wide,  intermittent 
raised  sectlon of thermopiastlc  located  along edge of both  
sides of roadway (RSPP) 

A package of motor cycle counter-measures (RSPP) 

A package of redllyht camera counter-measures' (RSPP) 

targeting  drivers  exceeding  the speed llmll by 25kmih  or  more 
A speed camera  program wlth publlcty  and  enforcement, 

(Torpey et afJ 
A speed management  program lnvoivlng  pubilcity lo support 
enforcement and  Inform on speed zonlng review  (Taylor) 

injury avoided 

rota1 cost '  Net cost' BCR Net Cost  NetCost per Net Cost  P e r  life Net Cost  per 

$50,000 

$14,500,000 

52,300,000 
$1,500,000 

$29,300,000 

$5,173,056 

$13,96O,OC!Q 

$2,1OO,OM) 

$1,000,000 

$5,000,000 

$278,000 

$2,200,000 

$67,500,000 

$48,646,930 

(n:1)3 per life  life year  and  other life and all 
saved  saved serious  injuries  other  injuries 

saved  saved 

$12,450,000 

$1,770,000 

$617,461 
326,810,wO 

($4,336,584) 

S8.750,WO 

$560,000 

($229,556) 

($10,525,133) 

($68,827) 
$1,017,750 

$48,860,030 

($39,374,128) 

I1 3 

1.2 

3 

8 

1.5 

3 9  

5 

7 

4 

3 5  

13.9 
3 9  
12 

2 3  

- 

$2,150,000 

$280.000 

$77,183 
$1,080,000 

$210,000 

$80,000 

$360,393 

$613,049 

$1 1 5 . W  $74,923  $75,030 

$15,000 $3,485 53,500 

$4,270 $8.344 $8.344 

$60,000 $127,959 $128,000 

$12,WO $20,000 $20,147 

$4,000  $7,487  $2,500 

$10,635 
$56,644 

$10,635 

$23,106 
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Table A4.1: Cost effectiveness ofprogrammes: cost per 1;fe saved, costper life year saved, cost per serious injury avoided and cost per 
injury avoided 

Intervention  Description (reference) 

The 55 mph speed l l r n i t  in USt (Kamefund) 

Vehi*$.atoty- I . : ;  : . .: ", ; ,  ' . :  ' . . . . .  ::.::,;: ::..,; : j " .  ; .: 
A package of speed counter-measures' (RSPP) 

. . . . . , , , 

. . . . . . . . , .  . . .  

1..  . . . . .  . .  . . . . . . . . . . .  

A $20 rebate  to encourage  the  purchase of child seats (Torpey 
el a!) 
A seatben warning  device (MUARC CR100) 
The promdlon of retrospective  fining of high  mounted  rear 
brake  llghts (Torpey el a/) 

seated in approved car seats in load areas r o p y  et al) 
Regulation to forbid carnage  of  passengers of persons n d  

Vehicle  knee  bolsters (MUARC CR100) 
Improved  lower  vehlcle panels (MUARC CRloo)  
An energyabsorbing wheel (MUARC CR100) 
Improved seatbelt  geometry and seats (MUARC CR100) 
A seatben webbing  clamp (MUARC CR100) 
A shoulder-based  seatbelt pretensloner (MUARC CR100) 
A seat-based  seatbelt pretensioner (MUARC CR100) 

. .  . .  

An electro-mechanical lacebag  assuming minlmum benefits 
(MUARC CR100) 
An electrwmechanical facebag  assuming maximum benefits 
(MUARC CR100) 
An electro-mechanlcal  fullsize passenger airbag (MUARC 
CRlOO) 

Total  cost' Net cost' BCR Net Cost  NetCost  per  Net  Cost  per  life Net Cost p e r  
(n:113 per life 

saved 
life year 
saved 

and  other 
serious injuries  other  injuries 

life and all 

saved  saved 
$1,739,340.55 ($38.351,740,47 

4 5) 
$1,150,000 ($148,465) 1 1  6 

. .  . . . . . . . , .. . . . . .  . . . .  ~~ . . . .  . .  . . . .  
, ,  

, . . . . . . . . . .  ~ 

. . . . . . . . . . . . . . , 

. . . . .  

. . . .  . . . , . .  . . . . .  . . 
, . . ,  . . . . . . . . .  

. . ~ . .  . .  . 
. . . . . . . . . . . . 

. .  
, . . .  . . . 

~ ~ . . .   . .  . . . . . . . . . . . . . . . . 
. .  , . . . . . . . , . 

. . .  ~ ~. . ~ . ~   . . . . . . .  
. .... . .. .. . . .  . . . . . . . . .  . .  . . . . .  . . ~  . . . . . .. . . , , , , , , . 

$1,000,000 $970,290  0.65  $2,420,000  $120,000 
. . . . . ... . . . ~  . . . ~ . ~ . ~  . . . . . .  . .  . . . . . . . . . . . . .  ~ 

. . . . . . . . . . . ~. . .  
, 

$358,065  $70,000 

$14,929,656 ($46,281,934) 4 1 

$6,700,000  $4,110,000 1 8 $1,550,000  $84,329 $64.764 $8,220 

$2,450,000  $1,530,000 3 $690,000 $38,000 $37,195  $13,5W 

$33,058,524 

$26,660,100 
$10,664,040 

$4,265,616 
$22,394.484 
$61.31 8,230 

$61.31 8.230 
$213.280.8W 

($62,811,196) 

($21,328,080) 
($23,460,888) 

($26,873,381) 

($2,239,448) 
$30,659,115 
$12,263,646 

$889,577,936 

2.9 

3 2  
1.8 

7 3  

1.1 

0.5 

0.8 

0.58 

$213,280,800  $4,265,616 0 98 

$234,608,880  5192,379,282  0.18 
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Tahle A4.1: Cost effeciivcness ofprogrnmmes:  costper life saved, costper life yenr saved, costper serious injury avoided and  costper 
injury avoided 

Intervention  Description  (reference) Total cost' Net cost' BCR Net Cost  NetCost p e r  Net Cost per  life Net Cost per 
(n:113 per life life year 

saved  saved 
and other life and all 
serious injuries  other  injuries 
saved  saved 

An eleclro-mechanlcal lullsize driver  alrbag  (MUARC  CRIOO) 

$170,972,266 1 24 Vehlcle inspections In New Jersey't (Loeb & Gilad) 

$44,255,766  $30,979,036 0.3 Padded upper vehicle areas (MUARC CR100) 

$354,579,330  $81,553,246 0 77 An electronlc  lullslre drlver alrbag  (MUARC  CRIOO) 
$24,340,888  ($3,551,133) 1 1 5  

t Conlains evidence of effectiveness in ongnal study 
* Non-Auslralian studies 

N o l o  

2 .Total cons arc the diced pubhc and prlvale costs d l h e  program, 
I ,  o ldy  programs w l l ~  idenlilicd ou1cm11um I ~ V C  hecn ranked; 

3 h\ knelil  EOSI ratiu in u r i g d  aludy 



Table A4.2 Ranking ofprograms by cost effectiveness' 

Intervention  Description  (reference) 

. D@&, Training UUd'<%8RStng: ~ ' .  . : : , , , : . ' ' 

. . . . . . .  . . . . .  . . .  
~~~ . . .  

. .  

. .  ~ & V ~ t a S a f e l y ;  .: ' " .  . ' 

. . .  . . . . . . . .  
Night tlme  curfew  for  drivers In the first year of driving  (Torpey el a0 

. . . . .  . .  
. . . . .  . . . . .  . . . . .  . . . .  .~ ~ . . . . . . .  . .  . . . . . . .  

. .  

Installation of seat belts In Texas school buses't (Begr.y et al) 
Roe Enviru!nnent: : ' .  :. . 

Traffic  signal  installatlons at &leg  lntersectlons In Vlctoria' (Nguyen el ai) 
51 black spot projects * (Motha) 
46 accident blackspot  treatments'  (Richardson G) 

. . . . .  . . . . . . . . . . . . .  . . . . .  . . . . . . . . .  
~~ 

. . . . . . . . .  
. . ,  . , ,  

. . . .  
.~ 

. .  
. . . . .  . . . . .  . ~ . .  , . .  . . ~ . ~  . .  . .  

~~ 

RMUser$w& , : ' I  . . . . . . . . . .  . , . : : .  ' :  . . . . .  1 . : .  . ; . . . . . .  
. . . . . . .  

. . . .  

~~ ~~ 

.~ 
~~~~ 

Mandatow  bicycle  helmet use leglslation in lsraelt (Ginsberg & Stiverberg) 
Legalising  footpath  cycling  (Torpey et al) 
A blcycle  safety publicdy campalgn (RSPP) 

occupants (Torpey et a,) 
Promotion of wearlng of protectlve headgear by passenger motor  vehicte 

Zero blwd alcohol limR for all motorcyclists  (Torpey et a0 
A package of alcohol  counter-measures'  (RSPP) 

drink drivers  for 6 years (Torpey et al) 
Fining of an lgnltion  interlock a s  a  condltlon of relicencing  for all convicted 

A television and other  media  advertlslng  campaign'  (Carnernn et a/ 1993) 

3CR (n:I)'  (Rank)  Net  (Rank) Net (Rank)  Net  (Rank) Net 
Cost  per  lives  Cost  per  life  Cost p e r  lives  Cost p e r  lives 
saved  years  saved  and  serious  and all 

injuries 
saved ' 

injuries 
saved' 

. .   . . . .  
0.3 32 

. . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . . . . . . . . .  
33 

. . . .  . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . .  . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  . . . . . . .   . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . .  

5 21  21 26 27 

t 29  25 

1 

. . . . . . . . . . .  . . . . . . . . . . . . . . .  

5.6 1 1 1 
. . .  . . . . . .  . .  . . . . . . . .  . . . . . . . . .  . . . . . . . . . .  ~~ . .  ~ . . . . . . .  

. .  
. . . .  . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . .  

~ ~~ 

. . . . . . . . . . .  . . .  . . . . . . . . . . . . .  . . . . . .  

3 
. .  

1 
~~ 

~~ 

1 1 1 

43 1 1 1 1 

11.3 1 1 1 1 

1.2 30 30 30 30 

3 24 24  19 20 

8 18 20 21 23 

1.5 28 28 31 32 

3.9 1 1 1 1 



Table A4.2 Ranking ofprogrants by cost effectiveness' 

Intervention  Description  (reference) 

Tralning  for responsible serving of alcohol in llcenced premises (Torpey el a/) 

lncreaslng  the  legal  drinking age from 18 to 21 years (Torpey el  al) 

A fatigue edge lining project  including: a publicity campaign; semlnarlresearch 
on sleep  apnea, fatigue  monitors,  and edge lhningnactlle edge llning (RSPPj 
A fatlgue  tactile edge llnlng  project (a 1OOmm wlde.  lntermltlent  raised  section 
of thermoplastic  located  along edge of both sides of roadway (RSPPj 
A package of motor cycle counter-measures (RSPPj 
A package of redlight camera counter-measures' (RSPPj 
A speed  camera program wlth  publicity and  enforcement,  targeting  drivers 
exceeding  the speed limit by 25kmlh  or  more  (Torpey et a/) 

A speed management  program involving  publicity  to support enforcement and 
inform on speed zonlng  revlew (Taylor) 
The 55 rnph speed llrnlt In Us? (Karnerundj 
A package of speed  countermeasures' (RSPP) 
Vehicle Saftty! ' ,', , ,  , , , ,  , ' , '  , '  , '  , "   , ,  , , 

A $20 rebate to encourage  the  purchase ofchlld seats (Torpey eialj 

The promotion of retrospectlve  flnlng of hlgh  mounted  rear  brake  hghts 
(Tofpey el al) 

car  seals In load areas (Torpey et a/) 
Regulallon  to  forbld  carrlage of passengers of persons not seated In approved 

Vehicle  knee  bolsters (MUARC CR100j 

, , , , , ,  . , , , ,  . . .  , , .  
, . .  . .  , . 

, . , . . . , , 

3CR (n: l ) '  (Rank) Net (Rank) Net (Rank) Net (Rank)  Net 
Cost p e r  lives  Cost  per life Cost  per lives  Cost p e r  lives 
saved ' years  saved ' and  serious  and all 

injuries 
saved ' 

injuries 
saved' 

5 23 23 

7 20 

4 1 

3.5 1 

13.9 1 

3.9 25 
12 26 

2.3 1 

na 1 

11.6 1 

1.8 29 

3 27 

2 9  

19 
1 

1 

1 
25 

26 

1 

1 

1 

31 

29 

27 



Table A4.2 Ranking ofprograms by cost effectiveness' 

Intervention  Description  (reference) 

Improved  lower  vehicle panels (MUARC  CR100) 
An energy absorbing w h e e l  (MUARC  CRloO) 
improved seatbek geometry and seats (MUARC CR100) 
A seatbelt webbing  clamp (MUARC CR100) 
A shoulder-based  seatbelt pretensioner (MUARC  CR100) 
A seat-based  seatbek pretensioner (MUARC  CRlOO) 

An electro-mechanical facebag  assumlng minimum benefits (MUARC  CR100) 
An electro-mechanical facebag  assuming maximum benefits (MUARC 
CR100) 
An eleclro-mechanical  fullsize passenger airbag (MUARC CRloo) 
An electro-mechanual fullslze dnver  alrbag (MUARC  CRloO) 
An electronic  fullsize  driver  alrbag (MUARC CRIOO) 
Padded upper  vehicle areas (MUARC CRIOO) 
Vehicle Inspections in New Jersey'? (Loeb 8 Gilad) 

f Non-Australian studies 

3CR (n:I)*  (Rank) Net (Rank)  Net  (Rank)  Net  (Rank) Net 
Cost  per  lives  Cost per life Cost  per  lives  Cost p e r  lives 
saved ' years  saved ' and  serious  and all 

injuries 
saved ' 

injuries 
saved ' 

1.8 
3.2 

7.3 

1.1 
0.5 

0.8 

0.58 
0.98 

0.18 

1 1 5  
0 77 

0 3  

1.24 

* Contains  ewdence of effectiveness in orighal study 
Notes. 

3 .  Programs with net savings have been ranked as I of 3 I ; 4 Programs with net savmp have been ranked as 1 of  3 I ;  
I .  Only programs with identified outcomm haw been ranked, 1. Net cosls(s arc total costs less can savings Srom the program. Where there are net ravings U E  figure IS in brackets; 

5. Progams with net savings have been ranked a* 1 d 3 2 , 6  Programs with net savings have b r a  ranked as 1 of 33 
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Intervention Description (reference) (Rank)  (Rank)  Net 
BCR ( n : l )  C o s t  per  life 

saved 

Table A4.3 Comparison of the ranking of selectedprograms by benefit cost ratio  and by cost effectiveness ratios 
~ 

(Rank)  Net (Rank)  Net (Rank)  Net 
C o s t  per life C o s t  per  life C o s t  per  life 
years saved a n d  serious a n d   o t h e r  

injury saved iniurv saved 
, . , , , . . , . , , . , , . . , , . , . . , . , . , , .. ..... ...  .. ...... ...  ..  ...  ....  ....  ... . .. . . . . . . . , . , , , . , . , , . , , . , , , . . . . .. . . ..  ...  .. ...... ...  ...  ....  ...  ....  ..  .. ... 

Legalising fwtpath cycllng  (Torpey el a,) 

A package of motor  cycle counter-measures (RSPP) 

A speed  camera program with  publlclty and enforcement, targetlng  drlvers 
exceeding the speed llmlt  by  25kmih or mare  (Torpey et a/) 

A package of  speed  counter-measures' (RSPP) 

A bicycle  safety  publlclty  campalgn (RSPP) 

A package of alcohol counter-measures' (RSPP) 

Increasing  the  legal drlnking age from 18 to 21 years (Torpey et a,) 

46 accident  blackspot  treatments' (Richardson G) 

Night time  curfew  for  drlvers in the first year  of  driving fTorpey et a,) 

Traffic  slgnal  Installations at &leg  intersecllons in Vlctoria' (Nguyen et a,) 

Training  for  responsible  servlng of alcohol In licenced premises  (Jorpey et a,) 

A fatigue edge linlng  project  lncludlng a publicity  campalgn; semlnarlresearch on 
sleep  apnea, fallgue  rnonltors;  and edge lhmgitactile edge llnlng  (Torpey el a/) 

A televwon and other  medla  advertlsing  campaign  (Cameron et a/ 1993) 

A package of redllght camera  counter-measures (RSPP) 

A fatigue tactlle edge linlng  project (a lOOmm mde. intermlnent  raised  sectlon of 
thermopiastic  located along edge of both sides of roadway (RSPP) 

1 1 

2  1 

3 17  

4 1 

5 1 

6 1 1  

7 12 

8 I 

9 14  

9 13 

9 14 

12  1 

13 1 

13 16  

15 1 

1 

1 

17  

1 

1 

1 1  

1 1  

1 

14  

1 3  

14 

1 

1 

16  

1 

. . . . . . . . . . , . . , . . . . , , . , , . , , . . , , , , . . , . . . . .. . ...  ... ...... ..".. ...... ...  ... ...... ..... .. . .. . .. .. ... ...  ... . ... . .. . 
1 1 

. ,-~, ~~~~~ 

1 1 

19  21 

1  1 

1  1 

13 15 

12 1 1  

1 1 

15 13 

18 19 

16  20 

1  1 

1  1 

14  

1 1 

16 



Table A4.3 Comparison of the ranking of selectedprograms by benefit cost ratio and by cost effectiveness ratios 

Intervention  Description (reference) (Rank) (Rank) Net  (Rank) Net (Rank) Net  (Rank) Net 
BCR In:l)  Cost Der life Cost  Der life  Cost Der life Cost  per  life 

. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . , , , . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . , . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... ... . . . . . . . . , . . . . 
Mandatory  bicycle  helmet use legislation In Israel7 (Ginsberg 8 Mverberg) 

Zero blood alcohol limit for all motorcyclists (Torpey et al) 

seats in load areas (Torpey et a/) 
Regulation to forbid carriage of passengers of persons not seated in approved car 

A speed management program involving  publlclty  to support enforcement and 
inform  on speed zoning review (Taylor) 

The promotion of retrospective fining of hlgh mounted rear brake lights (Torpey at 
a/) 
Fitting of an ignition  Interlock as a  condition of relicencing for all convicted  drink 
drivers for 6 years (Torpey et al) 

occupants (Torpey et al) 
Promotion of wearing of protective headgear by passenger motor vehicle 

51 black spot projects'  (Motha) 

A $20 rebate to encourage  the  purchase of child seats (Torpey et a/) 

lnstallatlon of seat belts in Texas schwl buses't (Bedev el al) 

. . . . . . . . . . . . . . . . . . . . . . . . 
16 

16 

16 

19 

20 

21 

22 

23 

24 

25 

saved years  saved 

1 

15 

18 

1 

20 

19 

21 

22 

1 

15 

18 

1 

M 

19 

21 

22 

and  serious  and  other 
injury saved injury saved 

1 1 

1 1  12 

17 18 

. . . . . . . . . . . . . . . . .......... ....... ... . . . . . . . . . . ... ... ... .. . .. . . . . . . . . . . . . . . . 

1 1 

M 14 

24  24 

22  22 

21 17 

23 23 

25  25 
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Table A4.4: Ranking of thoseprogrums  with net savings: runked by lives saved, all injuries uveried, and net costs 

Intervention Description  (reference) 

A fatigue tactlle edge linlng project (a lOOmm wlde, \ntermlnent raised section of 
therrnoplastlc located  along edge of both sldes of roadway (RSPP) 
Mandatory  bicycle  helmet use legislation in Israel (Ginsberg & Sllverberg) 
A speed management program involving  publlclty  to support enforcement and Inform 
on speed zoning review (Taylor) 
lnstallmg 57 new  trafflc slgnals (Teale) 

Legallsing  footpath  cycling (Torpey et al) 

A television and other media adverllslng campalgn (Cameron et al 7993) 

A latlgue edge llning project  includlng: a publlclty campaign:  seminariresearch on 
sleep  apnea; fatigue monitors; and edge liningltactile edge lining (RSPP) 
Modllying 49 lrafflc slgnals (Teale) 

Installing 53 roundabouts (Teale) 

A package of speed counter-measures' (RSPP) 
46 accldent blackspot treatments in Vlctorla (Richardson G) 

44 new channelisations (Teale) 

lnstalllng 16 new pedestrian traffic signals (Teaie) 
Converling 20 cross mterseclions lo T-junctlons (Teale) 

46 projects involving  mstallation of safety bars along roads (Teale) 

A package of motor cycle counter-measures (RSPP) 
A bicycle safety publlclty campalgn (RSPP) 

LI- 

otal cost Net cost Rankby  R a n k b y n e t  Rankby 
lives saved cost all injur ies  

saved 
11111 

55,000,wo ($10,525,133) 1 4 5 

$23,358,503 ($36,757,571) 2 2 1 

$48,645,930 ($39,374,128) 3 1 8 

$3,715,494 ($14,830,424) 4 3 2 

$1,250,000 ($3,120,000) 5 8 4 

$5,173,056 ($4,336,584) 6 6 3 

$1,000,000 ($229,556) 7 14 15 

$1,754,960 ($4,445,381) 8 5 6 

$?,498,487 ($3,902,181) 9 7 7 

$1,150,000 ($148,465) 10 15 14 

$5,443,260 ($2,249,103) 1 1  10 12 

$2,759,062 ($600,190) 12 13 9 

$536,010 ($2,624,142) 13 9 i o  

$497,459 ($1,476,255) 14 11 11 

$149,579 ($899,223) 15 12  13 

$278,000 ($68,827) 16 16 16 

S50,OW ($36,140) 17 17 17 



Table A4.5: Choice ofproject with a constrained budget for the agency : cost-effectiveness ratios versus programming solution with three levels of 

Intervention Description (reference) 

Vehicle inspections in New Jersevt  (Loeb 8 Gllad) 

Mandatory  bicycle  helmet use  legislation in lsraelt (Ginsberg & SWefberg) 

A fatlgue tactile edge llning project (a 1OOmm wlde, lntermment raised section of 
therrnopiastlc located along edge of both sides of roadway (RSPP) 

46 projects involving  installation of safety bars along  roads' (Teak) 

A fatigue edge lining  project  includlng:  a  publicity campalgn,  seminarlresearch on sleep 
apnea; fatigue monitors; and edge linlngltactile edge linlng (RSPP) 

Installing 16 new pedestrian tramc signals' (Teale) 

Promotion of wearing of  protectlve headgear by passenger motor  vehicle occupants 
(Torpey et ai) 
Installing 57 new traffic signals' (Teale) 

The 55 rnph speed llmit in US7 (Kamemnd) 

Converting 20 cross intersections to T-junctlons' reale) 

budget 

:ost  to 
gencyl  saved per life 

Lives  Agency cost With a  budget With a  budget of With a  budget of 

overnment  saved 
of S3m 
maximum  lives  lives  saved 146 lives  saved 2,591 

S7m  maximum S50m maximum 

saved 82 

~ ~ : . ; : ~ ~ : ~ ~ , . ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ : : : ~ ~ : : , , "  ....,.. < ..$... >...... . .;.. .... ;..;::;:j; .. ..., ... ......, . ,_..._ ~ . , ~  ......,. .. .,: ..... 
...... ,.,: : ......... ,., . . . . . . . . . . . . . . . .  ............. .. ... ..... ..... ....... ... ......... .-:. .lnel ~ ~ : ~ ~ ~ ~ ~ ~ l t r ~ ~ a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ ~ ~ ; .  >...: :::.: :...: . . ~  .li.-. .. 

$30.930,7t7 2,347 41 

$825.520  57 

$5,000,000 73.6 

$149,579  2.1 1 

$ l ,m ,ooo  12.99 

$536,010  6.36 

$550,000  5.79 

$3,715,494  37.34 

$1,739,340,554 15,443 47 

$497,459 3 97 

$13,177 

$14,483 

$67,935 

$70,891 

$76,982 

$84,278 

$94.991 

$99,504 

$1 12,626 

$125.305 
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Table A4.5: Choice of project with a constrained budget for the agency : cost-effectiveness rutios versusprogramming solution with three levels of 

Intervention Description (reference) 

A package of speed counler-measures' (RSPP) 

lnslalling 53 roundabouts' (Teale) 

Modifying 49 traffic signals' (Teale) 

A package of motor cycle counter-measures (RSPP) 

A package of alcohol counter-measures' (RSPP) 

Fitting of an ignition interlock as a condition of relicencing for all convlcted drink drlvers 
lor 6 years (Torpey et a/) 

Trainlng  for respanslble servlng of alcohol in licenced premises (Torpey et a/) 

Regulatlon to forbld carriage of passengers of persons not seated in approved car seat: 
In load areas (Torpey st a/) 

Increasing the legal  drinking age from 18 to 21 years (Torpey el a/) 

A blcycle safety publlclty campalgn (RSPP) 

budget 

ost to 
gencyl saved per life 

Lives A g e n c y  cost With a budget With a budget of With a budget of 

overnment s a v e d  
of S3m S7m maximum 150111 maximum 

saved 82 
maximum lives lives s a v e d  146 l i v e s   s a v e d  2,591 

. .  
. . .  . .  
. . . .  .. , , , , . . . . . , . . , , , . . , , . , , , , . . , t~eht$km . . . . , . , ,  of,progtams.in&oatad, , , :  , ,, , '  . ,  : 

$1.1 50.000 8.38 

SI ,498,4a7 10 87 

$1,754,960 1248 

$278,000 1.97 

$1,500,000 8 

$4,680,000 24.77 

$9,247,000 40.7 

$550,0W 2.16 

$2,000,wo 7.2 

$9,000  0.13 

$1 37,232 

$1 37.855 

$140,622 

$141,117 

$187.500 

$1 88.938 

$227,199 

$254,630 

$277,778 

$384,615 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 

no 
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Table A4.5: Choice ofproject  with a constrained budget for the agency : cost-effectiveness ratios versusprogramming solution with three levels of 
budget 

~~ ~ ~~~~ ~ ~ ~~~ ~ ~~ 

intervention Description (reference) 

44 new channelisations' (Teale) 

Night time curfew for drivers in the first  year of drivlng  (Torpey et alJ 

Traffic slgnal installations  at 4ieg intersectlons in Victoria.  (Nguyen et a/) 

A $20 rebate to encourage the purchase of child seals (Torpey et  a/) 

46 accident blackspot treatments' (Richardson G) 

Zero b i d  alcohol limit for all motorcyclists (Torpey et alJ 

A package of redighl camera counter-measures. (RSPP) 

A speed management program involving  publicity  to support enforcement and inform  on 
speed zoning review  (Taylor) 

A television and other media  advertising  campaign'  (Cameron et a1 7993) 

* Non-Australian studies 
j Contains evidence of  effecbveness in orignal study 

:ost  to  Lives 
gencyl  saved per life of S3m S7m maximum S50m maximum 

Agency  cost With a  budget With a  budget of With a budget of 

overnment  saved  maximum  lives  lives  saved 146 lives  saved 2,591 

~ . . ~ ~ ~ . . . . ; . " ~  
saved 82 

.I" ,_ .. .... ~ , "  ... : ......... .. .. ." ... t n o l u r r c i h ~ ~ ~ a s F a ~ ~ ~ ~ ~ ~ ~ ~ ~ , ~ : ~ ~ ~ ~ ~ ~  

.... , .. .,.... ....... , ,.,. .. 
$2,759,082 7 $394,155 no no no 

..","..><9,.T>< .,.," ..................... : ...,..,.,.. ~" "~~...",.~.,:.~.~.~..~ ,: 

$1 ,4W,OOO 3.33 16420,420  no  no  no 

$12,965,067  29 $447,071 no  no  no 

$232,000 0.36 $ 6 4 4 , 4 4 4  no  no no 

$5,443,260 8 w.408 no  no  no 

$2,xx1,000 33  $696,970 no  no  no 

$2,2W,OoO 2.82  $780,142 no  no  no 

$48,646,930 54 $900,869 no  no  no 

$18,wo,000 15.59 $1,154,586 no  no  no 
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