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PREFACE

This Technical report describes the =ilsdy design for ths evaluation of
the road safety effectiverness of rmircr traffic engineering and reoad
safety projects underteken in Australia. These proiccts are of the type
which would be eligible for Commonwealth funding under the terms of the
MITERS progrem: the program being a discrete part of the foads Granis
Act, 1974 and the State Granis (Foadsl) Aet 1577 which together have
providsd funds Lo the States for expenditure on road proljects for the
six year p-riod 1974/75 to 1279/80 inclusive.

In this report, a review is firctly mace of sources of fels cvailable on
accidents, traffic fleows ard prcjects imnlementeod in the Ctates of
mustralia. It is ceoncludzai that the major data conctraint relates to
accident data, and that Scuth Zusirelia and ¥Western Australia are
presently the only States with azcident Gata bases of sufficient quality
to enable comprehensive statistical evaluation of the effectiveness of
projects.

Statistical methods are then developed and recommended for the evaluation
phase, bzsed on the princirles of the before-and-after study. Care is
given to resolution of prcrlems arising irom :

. changes in site exposure
. changes in secular trends of accidents
. seaschal factors.

Lastly, a trizl anzlycis is confucted for some Scuth Rustralia signali-
sation projects undertaken in Ahdelaide in 1975/76. The Zfeasibility of the
preposed methods Is thereby dewmoneirated and scre prelininary rceults are
establizhed convurning the safety o ifactivones: of the rrojocts.
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CHAPTER 1
INTRODUCTION

1.1 BACKGRCOUND

This report descrihas the study design phase of a ?roject to evaluate the
effactiveness of MITEZRS-tvpe projects in Fustralia®. MITERS~type projects
are those roaéd safety projects which would gualiiy for Commonwealtn fun-
ding under ithe terms of the KITERS program.2 The MITERS program is a
discrete part of ihe Zoads Gromis Azt 1874 and the State Crants (Foads)
Art 5577 which tugeiher have previded funds to the States for expenditure
on road projects for the six year period 1%74/75 to 1972/80 inclusive.?

Typical of MITERS-type projecis are

(a) traffic =sicnals;

(>) road sicgns and pavement marning;

{c) speed control systems;

{d) elimination of intersections on arterial roads,

modification of rultiple-street intersections,
provision of median strips or new or modified
tro ' "0 dislands end oo ondaboutsy

(e) pedestrian crossings (ivcliuvding *I~od lighting)
and the provision of pedestrian solfty zones;

(£} localised improvements to street lighting, or
new lighting at isolsted locations;

{g) hus stopping bays for safety reasons;
{h) turning lanes, channelization and lane marking;
(1) use of slip-hase and frengible street lighting poles

and fign sopperts at leocations with high accident records;

(3 yo lorstion or protecticn of roadside chiiects at hazardous
1nc . ovsg

1) Erotociicon devices ab raliwsy crossings;

(1)

r=plevaticon on curves, and
ity on crests or curves; and

5 Cn ertanloonts, curves Eid

The acroram MIT
engineering and 1o0al sz

Vigk have been so funded, The distinetion, rather, is

weon projects which would ~unlify, wove fundina southi, and

Kote that this definition doss rcoi restrict attention to only those

projects which would nol gualili.

foave Iormort of the MITERS program

T T




1.2 SCOPE CF THE STUDY

The purposes cf the study decign phase of the study reported here were :

-

to assess the

ibiligy of evaluating the sufety
effectiveness of M1

5
CRS-type projects;

if the feasibility cculé be established, to éevelop
a method for arn evaluation study;

to draw up a work prooram for such an evalugbion study.

This report contains a description of the zssessment of feasibility,
together with details of the recom-ended mrocedures for an evaluation
study, and a demonstration of ths egoplication of the recommznced method.

The yeport is struclered in four main chapters which are briefly desscribed

below

Chagter

2

Data reguiremsnts and availakility - A review and discussion of
the sources of data on accidonts, traffic flows andé projects
imzlewented in the States of Australia.

Preposed methcd for evaluating ¢ffectivernss of MITERS-type
Projeces = A brief rovicw of Liternative procefures for
assessing the effectiveness of road safety projects, followed

by the development and presecniaticn of a statistical methodoleogy
propased for the eveluation rhase of the study. The chapter is
divided into two parts; a verbal discussion followed by an annex
with details 9f statistical and mathematical principles.

Trial Analysis - A demonstration, using South pustralia data,
of the statisticzl raihods nroposed in the preceding Chapter.
Ti.2 feasibility of the methods¢ is demonstrated, and some
preliminary results are shown cconcerning the safety effective-
ness of some traffic-signal Insrallaticns in Adelzide.




CHAPTER 2

DATA REQUIREMENTS AND AVATLABILITY

2.1 INTRODUCTION

There are three main classes of data reguired for the evaluation of road
safety projects :

. accident data
. exposure (traffic flow) data
. project description cdata

In this chapter we review, for each State in turn, the useability of
each class of data.

2.2 ACCIDENT DATA

2.2.1 Introduction and Sumnary

To evaluate properly the effectiveness of MITERS-type projects, access is
needed to reports of all, or sore concistent .cubset, of accidents in the

vegion under study. There are sevrral fundamental reguirement: of tl. ce

reports :

{i) The reports moest be consistent; that is o inforiation
collected and storec¢ for cach accident should be
determined by the same 1ules and procedures.

{ii) The reports must be free from duplication; that is,
informaticen for each accident should be collected
and stored once only.

{iii) Information on th~ “ocetion of accidents must be
adaeguats for ©o.oiug »Ith prodect Tolations.

(2

{ivr) The reporis must be rvilily ecoessiile, o0l Ll
information contained in them able to Lo extracted
efficientiy and rapidly.

crident

In thiec gection these accicdent data baces arc reviewed in the liglt of

the basic reguirements stipulated akove. The uscability of the datae lases

is excmined in termo of guch things as the accuracy and éetazils of reporis,
internal consistency of reports, verification that the same accident is not
reported twice, and the ease of extraciion of reguired subsets of the data

from the rain data base.

Th

1T

rijor concivsion iz that tr: zorident data bases of only three States

are likely to be suitable for use an the evaluetion study. 5&And of these
three, only two {(those of S.A. and W.A.) arc irmediately suitable. PAn

importnant gualificazicn cerparizon of MITERS-type project
e teor Statez, hocavse of differences in

Ing uriteria, cxeept on a casunlty accident

effectivenress 1o noat @

arcident rerncrticg

LN



2.2.2 Reporting and Recording of Accidents

Table 2.1 chows current legal requirements for reporting of road traffic
accidents to police in Bustralian States. The table demonstrates the
variztion which existe between States in such reguirements., Most States
try to exclude the least sericuc accidents from their records arnd all have
regulations to the effect that property-damage-only accidents resulting in
damage less than a minimum amcunt need not he reported. This minimum
amount varies from State to State. For example, in Tasmania no accident
vwhich is of a property-darmage-only (P.D.0.) nature is reguired to be
reported, whereas in N.S.W. all accicdents which result in either personal
injury or property damage exceeding $300 nust be reported.

In every State, the ability of drivers involved in an accident to estimate
the cost of damage must be suspect, as indeed must be their compliance with
reporting recuirements should their estimate be above the minimum value.
Further, the rapidly escalating costs of repairs means that this cut-off
point is continually changing in terms of real damage. The net rec:lt is
that not only do States ciffer in their reporting reguirements, but the
proportion of P.D.0Q. accidente reported within individual States is probably
decreasing year by year.1

Within each State, too, the distinction between a casualty or non-casualty
accident is subject to some uncertainty. In every State of Australia, a
road 2ccident fetality is defirned to occur when any person is killed out-
right or éies within 30 days as the result of an accident. Heowever, the
police assessi=nt of the existence of injuries forms the basis of the classi-
fication of sericus, minor, or ¢ injuries. While police reporting of road
accident deaths is probally fai,ly reliable, there way still be a large sub-
jective element inherent in the determination of injury type.

The reporting of accidents by accident type (e.qg. right angle, rear end,
etc.) is more accurates There can, however, be considerable delay between
the actual accident and the filling out of the relevant form and this may
result in the recording of incorrect information. In addition police may
rcly heavily on the often conflicting reports of those involved in the
accident, and a proportion of accidents ray not be attended by police at all.
Eagley2 instzices the c~se of South Resiralia, where In 1271, 43% of total
reportced casuality accidconts were not attecded Ly police.

Table 2.2 shows the practice of each State in recor?ing into its data base
details of an accident which has been reported. 2again, the variation
between States ig apparent.

It is clear that in rerract of both reporting and recording of read
accidents, the States differ sufficiently in the extent that a corplete
corpzrative (i,e. betweon Stateg) evalustion ©f the effectiveness ¢i MITERS-
tvoe projects (i.e. ar avaluaticon using both PLD.C. znd casualty accident
Gata) 1w not posgibile. EKoweover, nroviucd that the data Lascs ave otherwlse
suitakle, there seens no impeliment to conducting interstace comparisons
using casuvalty accident deata.

1
exzornt whero regular upwi:

2

[ . . e T ™
r. . E..A\._‘-le_',‘, e Fole [

FAUCICen InIormaTlion Soniis



TABLE 2.1: Legal Requirements for Road Traffic Reperting in Australian

States
State Road Traffiec Accidents Required to ha Riportfed to Police
New Scuth Wales (a) ALl sccidents javelving personal injury
(b) All accidents where apgregate property damage
exceeds $300. ($50 prior to July 1977)
Victoria (a) All accicdents involving perseonal injury
(b) All arcidents vhere there is propsriy damage
or ar animal is injured and the owner or
owner's representative is not present {(since 1970)
Nueensland (a) Al ccideris Inveluinr perveonmal dinjury
(b} Al rocidernts where apuiopole property damage
excorda $1,000.  ($7300 prier to Oct 78:
$100 prior te Jan 1976)
South Australia (a) 4ll accidents invclving persesal inijury and/or
injury to an animal
(b) All aceidents vhere acpregate property damage
exceeds $100 ($50 prior te 1973)
Victern Australia {a) All accidents Znvelving porsonal injury
(b) All sccidents where aggregate property camage
exceeds 5100, or where property damage level is
in dispute, cr wherc all intcrested parties are
not preazant {eince 1949; increase in level under
consilicration)
Taemania (a) A21 zooidenis invelvin: personal Indury

Source : State rea2d and traiiic safcry cutheorities



TABLE 2.2: Practice for Road Traffic Accident Recording in Australian States

Etate Topzd Traffic Accidents Recorded

New South Wales Reperted accidents involving injury or where at least
one vehicle reguired towing away (all reported acci-
deurs prior to July 1975)

Victoria A1l reported accidents involving injury and scme
reported P.D.0. accidents (a) where PDO exceeds $100
or an injury is sustained

Queensland All reported accidents

South Austrelia All reported accidents for which location is
pesitively identified and PDO exceeds $100 or an
injury is sustained

LWestern Auvscralia All reported accidents where PDO excesds $100 or an
injury is sustained

Tasmania All reported accidents

(a) Note: mainly those P.D.0. accidents where police think litigation is
likely.

i

Source : State road and treffic safety authorities.



Within individual Etates reporiting requirerments and recording practice
do not in themsalves suggest that an evaluation of MITERS-type project
effectiveness will not ke possible. To confirm this conclusicn, it is
necessary to examine more closely the accident data base naintzined by
each State.

2.2.3 N.S5.W. Dzta Bzse

The N.S.W. accident data system charged substantizlly on July 1, 1975,

Since that date more detailed data has been held on recorded accidents,
although the criteria for recording accidents have been mzde rore strin-
cent. The only crashes now reguired Lo be recorded in the computer data
rank are those vwhere at lesst one veliicle reguires fowing away or there

is a reported casualty. Written reports are, however, still held on other
reported accidents, and a menual count of these would allow an estimate to
be made cf the ratio of reported to reccorded accidents if this were desired.

Much effort is ewpended by TARG! to ensure that double recoréing does not
occur and that reporting is consistent. The steps in both of these directions
are considered as thorcugh as practically possible, and that virtuwally the
only errors in the data held are due to crrors in the original police report
which do not cause inconsistencies. From a practical poaint of view, these
errors must be accepted. Fortunately, they may be regarded as random errors
and may be allowed for statistically. Further commentes on this point are

made in assessment of the S.A. data base.

Within the data base, the data are held in the form of sequential files (on
tape) covering three month periods. The seyuenzing is effectively by time

of arrival of the report. TARU dces have programs to re-sort the data in
various ways and reqularly produces printed reperts. Unfortunately, these
are not permanently hel@ con tape, although the rrograms may be re-run to
reproduce these reports on tepe for further reorcearch on the data. The two
reports that would be of most use in evaluation of MITERS~type projects are :

1. Listing of accidents into each of :

{2} laocal Governrent frea {numeric) -
(b} Town er Suzu:b {alrhnaketic)
{c) Strget MWame
(@) Type of Street "
{e) Identifying Cbject "

2. Listing of accidents on classifisd uvbaen roads sorted by :

{(a) Foute Muonkar
(b) Secticn Kunk
{c) Tate of L~

k

'ih (i

&

< ony
{8} Time of day of accifent
This lz2tter listing would provifes & coavens etion of
projects on classified urban reads. oW firm

subdivisions an
chher informat

& further msnual coding of posizien witili sccotlicocns, using
~iom in the records. would »e2 necescary. Nevertheless the
ability te initially sort into Secilons Joo5 reduce the ancuat cf mohual

cading reocessary.




For non-clzssified or country roads, however, the problem is not as
eimple. The identification of a location (stree=t rames for example)
zc reportes by the attenling policeman, mzy not be simple. YFor example,
cf zociients on the Fasifie Highway it was reported

T

< lievel ir yzzorie £o2174 Te identificq.
To sumtarise, it is pbelieved that the data avalizkle in 11.85.y. weould

require manual sorting after initial camguter seorting for use in the
progesed evaluation. Data menisulation for sites on main urban roads
shoulé ke straightferward. Meosdpulaticen of data for other =ites may be
expencsive in terms of professicnal time and corpuler resources.

2.2.4 South Australian Data EBase

The South Australian accident data bace has recently been re-organised.
Within the metropolitan erea each intersection or link has a urnique ten
digit icentification cooe. ‘fhis code is so constructed that whole sub-
s2ts of locations which may be of interest (such as several adjoining
scoticns of a rain rocte) may be ezsily accessed as a group.

In rurel zro.as all rosds are divided into secticns each of which has a
unigue code. This subdivision intc sections is currently being refined
to create smaller sections to allow Iiner clascification of locations.
M1l zccident data for the last ten years is currently bring sorted into
cne large seguentianl file which wiil be permanently held on disc. This
file will be seguenced firstly on location code ard secondly on Gate.
This file could easily be cconverted into a randeom access file which would
allow very rapid access to the complete accident record at any given
locztion or group of locations.

The Scuth Australian system reguires the positive identification of the
site of each reported accident bhefore recording, and this is worthy of
comnent, especially in view of the experiences of some users of data

from other States were the reported location is simply recorded. The
5.A. Highways Department® has been coding sites regularly for nearly ten
vears, arnd durinyg that pericd thrcudH lizison with the police has built
up much knowledge of local nxeirg conventions, ete. It is now claimad
that little difficulty is encountered in coling of sites thoush irnitially

-

t’J
it hed pszed many problems.
F Y 1

The records within the file are guite compact. A likrary of functions

is maintained which allows easy access to the information within the file.
Theoretically this informaticn is avoilzble on line, though in practice
duv= to the size of the accident file, retrieval is usually only corried
CGul o in Zalsit.

-
I}
{

CoEa
[

I
ir
[

w:’r_-:i di:k1~ FoeroTting.

¢ cf the Relationshiy batween
ST oSy e DMRO{1979)

Blc fo~ maintenance of the

Mo atoiosil s Gabld LaSoe.

T ER-



The procedures cannct of course detect inaccuracies in thes original
pOllCG reports that form the source of docww rnts for the zystem. B recent
repo*t has ccncluded that these errors asve significant for 10D accident
reports. There seems no reason wihy these inaccuracies cannot he adegua-
tely treated statistically as random errors. It is btelieved that pro-
perty-damzce—only accident records form useful statistical data despite
the inaccuracies present in the corresponding reports.

In summary, the organisation of the 5.3. da*a base will allow the
extraction of the data necessary for an evaluation of MITERS-type pro-
jects. Discussions with Highway Departnent officers confirm thal adequate
data are availakle from the data base Ircm January 1972 onwards.

2.2.5 West Australian Data Bese

The W.A. accident data base has recently been upgraded. All accident
reports from January 1976 onwards have keen pleced in a random access
disc file which 1s part of a larger data base. This larcer data hose
contains not only accident records, but also, armoncst other things,
informaticn on trafific flows, road conditicns, road layout and control
devices {including installation and maintenance dates). The files con-
tzining these different classes of data are all keyed in a similar way
allowing easy cross reference. This allows on-line acdcess to a full set
of information for a selected site. Information on a whole series of
sites iz available 'sith little programminc effort and with a minimum
vsage of cemputer e,

In the W.A. éata base, each locaticn 1s referred to by an unigue code

The coding system is very similar to that employed in S.A. It is based

an the assignment of an unigue number to cach road, rather than by the

use of map co-ordinates as in the Victorian system. The chief difference
between the W.A, and S.A. system is in the coding of hetween-intersection
locations. In W.A. these are located by listing the distance from the
starting point of the rocad, rather than by division of the roads into
sections (as in country S.A.) or by listing the two end-points of the link
(as is done in Adelaide).

Froblers of identificaticn of reported accidsnt sites axce largely over-—
core by the experionce bullt v in romular oraerations. Sirilarly, through
regular oEe“atlons and the use of the editing routines, the coded reports
are made ccnsistent. These routines cover all the checks that are practi-
cal.

In surmary, ar integrated dats base 1s aveilable in wW.i. which might well
be taken as a benchmark for data crganisaticn. Thz syzten #iloes ready
access to any information reguired for en evaluaticn of MITITI-ty;e pro-

jects.

1P.G.Pak-Poy and Associates, Appraisal of Existing Accident Reporting

and Recoiding rYrocedures in 5.A. Ropsrt to DLR.E. {zo Lo opoilishicd)
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2.2.6 Victorian Data Bace

Tit+le formal documznhibation i avallabhle on the accident data base
taired by the FRoad Safety and Treffic Author 1t5 The following
vz of EISTA a2nd

conmEntS are buood on pavicnsl
articles written by RCSTHL staff merhe

H
4]
—
or
]
w
I
it
0
~—

Cne rroblen with the use of Victorlion accident data for the proposed
evaluztion arises from practice in the reporting of accidents. This
iz beyond the conbtrol of RCS5TR anpd cannot be tailcred to meet their
needs alone. Of course, pro@lems stemming from the reporting system
as required by State regulations are not unicgue to Victoria. However,
for the type of data reguired for the cvrrent study, the weaknesses in
the data arising Trom the renmorting procedures in Victoria are more
csevera than in scm2 of the othier States.
For every reported aocident, a 512 Accident Regport Form is complated
by poliice. Thile prolizianry aivice form estakl! that an accident
has beon reported arnd that further information me cllow. A copy of
relevant informaticrr on the 512 form is corntained on the 5123 Torm and
this is forwarded to ROSTA. ROSTA consider, however, that the 512A
form dees not contain sufficient infornation to locate accident sites
accurately and so do not code up this informaticn intc their computer
files.

Reported accidents involving indory ore recordsd onos 5313 Tovan by

pelice and a Li3A form (which duplicates relevant information} is sant
to RUSTA. Information contained on the 5125 forwm is ceded into the
computer files. Propertiy-danage~only accidents need opnly be reported

if the owners or owners® repreoentatives were nst present, and in this
czse, the police are reguired to complete at lezst a 512 form. In other
cases, either at the instigation of the invelved warties or of the
police, the accident may be reported ard could be recorded on & 513 form
as well.

The net e’fect is that only a small prepeortion of propevty-damage-only
accid.oniy Ly o ed. In 1275 In Victoria F5% of recorded cccidents
IranTood fndarics, By comperison, for the sane year in RN.S5.W. 38% of

A s X o)

reecorded gocidents involvel injury, whiilc cnly 127 of reported accidents
involved injuxy. The najority of this difference must be attributed to

hie diffgrences in reporilly practice or recording procedures. For the
promoTed evaluatlion study, it is izporvtant that dz2ta on minor accidents
" T . = —— T
Lo Il lible 1T &t oall ToToiluc

1orvs o tho conz
a problem by R3ISTA.
& irformatio:n.

dc
p:r:ing policemzrn,

I~ Victoria, the accident logotions erc resordsd on a grid systein during
the recording exercise. Thz grid ic Pzased on tice MILULY clirect directory
in the metropelitan eroo and on &n assortment of maps in country areas.

L ey . ‘ ~ -
e L T P P L U L o A A T O Ay iy
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As maps are redravmn or new maps become available the gril references
of some locations may charnge. %while this Goos peose rreblems in
obtaining a site history over a long psricd, these are not insuperzble
as pointers have been placed in the file. However, the us2 of a
rectangular gria reens that to obtain accident ézta for a narticular
locztion (e.g. an interscciion), some manual soarsching is reguired,
Further, easy zccess 1s nou aveilanle to the hisiory of a whole road

or section of road, as with the S.A. or W.A. systzm.

In summary, the Victorian data base is not considen~d suitable for use
in the proposed evaluation.

2.2.7 Tesmanian Data Barce

Tne Tasmanian Transpeort Cotrmicssion currently praces
data collected by the Tasmarnia Folice and reccorded
sive accident report forms. Some 4,000 accident reporic are receivad
and processed annually.

The accicdent data are numerically coded and key-runched on to computer
cards, but only a limite@ anount of analysis {this being manual) is
carried cut. To prepare accident histories for specific sites or areas
is understood to be tedious and time consuming.

for analysis and rerortirg of accident occurrence, implem=ntetion of

the system 1§ not completcd. A further problem, in terms of the reguire-
ments of the presenti study, is thal no complele coded road network is
available for Tasrmania. Thus, if there are {say) three road names at

an intersection, there are three different pairs of road names which
could be used on an accident report form. Alternatively, the use of
"local' street names razther than 'officizl' names could cause confusion,
particularly in rural areas. The problem is similar to that existing

in New Scuth Wales.

Wnilst a study1 has recently been completed té design 2z comouter system

The Tastarian data base is not considered suitable for use in the
proposad evaiuvation.

G I DrLe Dac
Rogroncitility fcor reporting and recording sccident data in Quesnsieand
is divicded ketween three orcanicziions

1. Police Deraritmant - Police offizers record details of auoidynts on

a report fowm which is not sulteble Zor ocu'ceguent rofearcin oa4ly3s15.
2. 'Transpcrt Department - Jile accilaent roporis
2. Avstralizn RBurecau of Statistics - extracyt deta from azciderst renorts

and prepere data tapes.

The location recorded on the data tapes i= =sirply that recorded on the
o ef =

criginral report, elthough some effort is nede to stanfardise spellings
and crdering ¢l strest nanci. Tor aniercriction : o, rororie
could Lo reccversd Dy oa nixtwrce of coluputer and manual Sorring.  HoWLOOD,
e -~ - - - - -

D.G. PoymDes Lat CIid., RTINS . Cla

u n“’ - . .-_ - . - r|'-‘ . -




trere would be sent douwst that &2l repertoc werye rocovered. Farther,
ac ornly the street name and LGR area arc
o the actuel accident site inposciblee.

cele reporting and consistency of

L
JS

Ty ieg recoytised in Queoone
& rencrt is current

T
Syl .

Afley rcorcultation with authoritics
that it wculd not e wosgible to utl
analysing the effecctivences of I

2.2.9 Ccaclusion

oth the Souinh Augtralian
ere currantly suitable for
¢ use. Tna Western Australicen Lose 0 soriliczolar is of a very
8 andard., The N.53.W. Zaoe coulld Lo ueefully omploved aefrer sub-
eTantial re~working where the ¢ifflcalty lies primarily In the method
cf recording the location of accidents.

L]

In Surmnery, it is exrected that for the evaluation phase of the stugy,
the ézta bases o cartainly tvs znd pessibly three States will
euiteklic for detailed anzlysis of the safzty if;_ct of MTTeR S—type
projects.

t
]

For South Australia, the data Lase ic eaitaekle for the evaluation for
accidenty oscerring from Januvary 1972 onwards. For Western hAustralia,
the date nase is suitable for accidents occurring from Januvary 1976
onvwards

;_..

-

2.3 EyPOZURE (TRAFFIC FLOW) DATA

the erpose of tna study. Eowsaver tHﬂ concept is interpreted,
the desirability of taking account of the
hich the traffic system expeériences, if at

at a
form ot
cifferonce

e TamT
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affected. 1In this cese, it is best to guote numbers of acciderts
relative to some mezsure of the amcunt of traffic, thet is, Lo cuote
an accident rate. Eguivalently, the chierved murters of accidenls
rmay be molifies in accordanze with the obscrved exposure, and iivse
rofifind roriers woed in Lro analvysis.

The best way to mezasure the amount of traffic has long been a malter
of dehate. In most cescs, however, exposure is caleulzted as scoe
function of vehicle flows., Tor example, at an inters-ailon, r., osure
would be calculated as

b
E=a (Vlvz)
where a, b ax2¢ constants

Vl, V2 are frlows on intersecting legs of the interzacticon.

In preoposing a stuly method for the evaluztion phzse on the study,
{(Chapter 3), it is recommendad thzt the analy915 be urdertaken in
terms of both accident nunlers (or freguencieg) and the o=z nahers
modified in accordance with changes in exposure. It is nccessary,
therefeore, to establish the availability of traffic flow date for
each State for which an aprropriate accident detz base has been shown
to be available. This is the purpose of this Section.

Before this s done, some ge.oeral commznis are na
likely to be present, in Rverege RAnnual Cailly Tr
since this is the format in «hich tyafiic flows

resented in all States,
3]

Recent work in S“&ney has cast considérable doubt on rany of the
current techniques for scaling short term counts up to ARZDT's. It
appears that the errors involved in these technigques are considercbly
larger than those previously estimated. Howsver, that qtudy has
involved an estimate of the irue daily random fluciuziion, as well as

examinaticon of the stahility of that pattern. TFor mzjor arterial sites,
it wee found thot sile pattrrns ave cxtrins o 2 hat random
tlucivztl =tound e U meltewn oare ob

H "JF

day, wr 2Y for a three cr four das -t

lation Letween successive deys, &rnd so the variadbility of o ioce

four day count is not much lower than for a single day). Scascnal

variations in the pattern of daily and whekly traffic flow Suwving a
] -

movever, mean that trediciorsl 3calirg metbhzds dincl-d- clifercent
tlc evrors deronling on o the time ol year I tho flor L teii

When all {hicse factors are allowed for, it is estimated that tro tradi-
tional retholds of caloulating PADT fveom showt Trocount o cive ostimates
with errcre of vp to 10-15%. Rowever, : i ALDT' s,
the error is noi recessarily as high. Should the : £YT COunts
be taken at the szarme tine of the yveom i rror ¢I the
ratio would conly be of the order of 3- ming of

the short term counts in urinown, Lren g=sac rotheo

retio mav bo ¢f the order of 159, IF the timing of the horl teym counts
15 Wnown, an estiroce may he nade Jepentirg on o <he ti-:ze of year, and

the accurasy of the ertimote will be botwezon theed Lwo vaiuoes (.0.4-15%).
'C.L.Teale ani A San S e T T
Coweitu of Diele L3 Lt ! rimont of e
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These ctatistical errors irnvolived in the traffic flow data must be
concidered when adljucting accident rates foy changes in exposuré.
Furthzr discussion of this effect 1s given in Chapter 3.

2.3.2 Soutk ABustralian Ty

In extensive traffic cournting rrogram 1s conducted in Aselzids znd in

cranery aveas. The Adelaids procsan iovolves short tern counts at

epvooyimately 5,000 slites and long term counts ot 25 sites in R3elalde.

The couwntyy Progran involves short fexm cournts et 7,500 sives, &nd

lorg term ccunts at 41 sites. The stort ternm counits are over 24 houars,
L Tni

a
and the dates of thege counis are ava liows soine adjusi-—
ment ol the scaling procedures and recduces 1Lhe silalistical ¢lryor asso-
cizted with the ratio of the AD2P's,  In Zdcleoide short term sites
are covered every two yvears while in the country short term sites are
covered every four years. The geographic spread of the sites in
Acdelzifde is such that there is a count available from a site uwsoally
ciur i fre tlock leading te an ivterssction, and rnover senavated from

by nore then a coople of ivvoweestgons, Cipilarly

i Y
in country arecs e 1y a counting site close tom ticne, at
lrazt in the sence of poesilble entry/ferit polinte Letwsor, o, eccident

ana cocnt locatlion.

Currently this doata must ke cxtracted rarually from the traffic flow
s Ioha

files. The nurnker of sites for vhich oW data will have to Lw
extrocted is no

concilorod Lrcossive.

t

2.3,3 Vestcorn hustralian Fxvonure Dula

1y heing sltered substantially. Rowsver, at approxi-
£ z +stimate of traffic trends over the proposed

pericd of Uhls study oo

The coverage of locaticns in the couniting prograwn in the Ferth urlhan
1

n te made from automatic seven day counts.

To surplement these counts, Eanual counts ¢©
t O

f either four hour or 12
houvr Suraticn are taken at approvimately 200 s

ites ezch year.

covered every five yvears, while non
Tl ooy szgwaes yoorsD, though otiox
cvrlnothiz venlod for rreciel

counting program.
paila

T orurel orent i AN L DELTD CSLtG cannal o re

Fovaover, 1r ool TN ToorLb T NTae) SUnioor oy phlow the
cerulny TYein, Con.IiLMIY .ozt o relltively £ peyiiw whiel Sonoid-
erztic:, 1S5 considored Lo e vory 1w,
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2.3.4 Conclusion

The traffic cournting programs in S.A. ars su: ficir".‘lJ Crivioive that

count data will bo zvailakle from count siftes suffimiently ~lo=a
tc the accicdent sit- 7 to ensure that coants will bhe of Lhe Zave
traffic streams as Lhose at the accident zites. That iz an exposure

index can we calculated for sp201f1c sitzs.

In W.A. the coverage is not as covplete. Howover, an exposure index

for a locality can be calculsted to isclate sites likely to have under-

gone major changes.

2.4 PRCIECT DESCRIPYIION DATA

2.4.1 Inlrciuction and sum-ary

7o evaluate the safety effectivenses of MITIRS-type projects, desrrip-
d

ticns are needed of the projects thersslves. Tho information reguired
for each project includes

. type and description

. special features

- costs

. locetion '
. cate of commencemant

. datc of completion

The propcsed method of analvsis (see Chapter 3) may also reguire
similar information for reoad engineering or traffic management work
carried out near the location of particular MITERS-type projects.

This section contains a brief discussion for Western rustraiia znd South
Australia, of the availability of project description cata. Submissions
for funding of MITERS projects under the terms of the Stntes Gropits
(Foade) Azt 1077 and the earlier Fouds Giruvic Aot 1874 are racde to the
Commonwealth each year by the States. The general format of the sub-
rissieons is shown in Figure 2.1.

Trzopectiorn of past submissicns made by Soath ARustirzlisz and Wesiern
dustralia confirms that these will ke gencrally suiltabile f0r ccllection
of most of the information specified above. In certain cases, further
enquiry of rcad autherities will be necessery to estsklish, for example,
the FTECLSG 1OCmtan at wnich proiects were imnlemented, and the couls
tenance for imple el

(L
=
t
r
J.
m
(]
¥
i

In the follieowing sub-secticns, brief crr-ents for each of Scouth nustrslia
and Vestern dustralia are male.

2.4.2 South Avgstralic Predect Descrinticn Tata

Tarle 2.3 showe 2 summory of the South aAustralia MITERS project sub-
missicons to the Commonwealth for the first four yecars of the operation
cf the MITZRS prortrem. Inspection of the summary shows thar



Frenml 2.1: 0 SVATES CRANTS (ROADS) ACT 1977: FORMAT FOR

SUSVISTION OF MITERS PROGRAMS BY STATES

I ) .
V-wﬁrrurt€ﬂn= Projret | Municipality | Lotation l Lstimated | Accidents per anouvm Tvpes ol Acridentlfcmnnnts
ASTLIYSR o i Type or Tocal Total Cost; At location Susceptible Accidents | Reeord e sarding!
; 1) Aunthority ol Project | te correction inc. in Toriod tond fere
| S ! - = e Colums 7 vesrs) [1hoject
| ‘ i Casuallty TotmT;CaSU:]ty{Totnl! B, 9 & 10' S ) .
; | | B C) 8y ) @ am
e — — . ———_—— D 1 - ! _— ——— e —— R —_
\ é | '
| ’ | E | |
| ‘ | H \ !
| l 1
! S ;
» , ;, % }
! | | |
| , | f
i I \
i | [a]
t i ’ | ! :
| | !
' . i b
i : a |
! _ .
| 1
i [
! |
|
! : r l
| | % ?
| | : ! |
: ; |
| ; | |
e e - . e | I I | l l i
Sonrees "eotes on Adninistration” Stcotes Grants (Roasi=) Act 1177 D.O.T. Canhberra
Tate:r{a) Tyje A projects are those which are generally similar within catovories, and/or of very low cost, and

for which averame or tvpical conditions can be assumed in evaluating the effectiveness of the vavious
cateoprrics ol projects.,

Tyre T projecis can vary crnsiderably in complexity and cost within categorics, These prejrctis must be
incividually evaluated,

Tarm v tebe e a Fhaas Car which mrecial submiaaisne arve required. Prodiecrs in this claszs are
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TARLE 2.3 SUMMARY OF &CUTH BUETREALIAN SUBMISSIONS UNDER THE
R 1o

{L974/5 o

Project ho, of Accidents per vear (a

. N

Type Projects Casualty Total

Conversion o intersection

to 'T’ 70 52 i6l
Median closure 4 6 42
Median barrier 13 20 123
¥ew or upgraded sireet 43 141 1917
lighting

Sziety bars 91 02 238
Madify intersection 40 99 758
sipgnals

Madify intersection 5 5 18

channelization

New intersectlon signals 22 76 480
Kew intersection 40 84 381
channelization
New intersection signals ( 5 “ 2 40
with ' sanelization ( 32 n.a. n.a.
Medify intersection signals ( 2 6 43
and ckronelization { 16 n.a. n.a.
Additicnaal lane at ( 1 12
intersection { 4 n.a. n.a.
Eliminste interscction 4 3 16
Roundsbout 52 58 147
Kew pedeztrian signals 25 20 62
New schoel pedectiricn la 1 5
cyowsing
Letloeroesine finaliing 18 iz 12
sigrals
Te-zlignment 2 2 4
Pe=alic-—ent and adiust 2 2 5
EUrUre Le ATl
Guar<drails

Lot Trides 2 1 4

. 0T ogurve ¢ 1
Visikility improvenient rot 1 1 1
st intersoection
Co-orcdirntec signel svsten 14 n.a. n.a.
Area trafiic ronngement ( 1 n.a. n.o

1 ,_:) 2

Cre~wiy eiroet convernicn i n.a n.a.
Fricrizy ro TR RS 12 1€ 18,126
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{1) for 636

Tunds wore rogueztal
the four year period.

preodects in

total over

{11) Kearly half of the projects involved treatment of a
sinzle inverseltion
{iii) For 16 out of .. preoy v fvp-s, over 15 accidents
per year weve demigrot.o A Ty the State as suscentible
for correctiorn., fThis Faoct éevionszs stance in
Crnowter 3, where it v sugeested that, ag & rule al
thurd, projects will bo eble o be evaluatel satis-
factorily if &t lceast 10D accidents in total occour
in Lefore and after periods.
20003 Western pHusivalizn Drolooh Nacoription Toioa
Table 2.4 shows & Sulmary of Wit 3 neglert sulvizsions for the Comeon=
wealth by Western Austrslia for 1076/7 and 1977/8 The summary has been

restricted Lo those yesns lwtause suiliable
ab:le from Janhuary 18706 onliy.

coident Cata will be avail-

Taspection of 1he sanmery shce SR -

{i) Funds were rogucsted for 419 proiccts in total over
the twe year period covered by the tabl

(ii} Sgme O0% of the projec:s involved Lreztrent of a

ingle intersection.

(iii} Tor only 7 out of 22, ¢ projects, over 35
accidents poxy yesr wWooo ctunated by the Statre as
gusceptible 1o corrort vmn. Be:apse the periad for
vhich acridernt de'ta oo available is =g shor (at
most three yroars for Dofore and after Erlogc avn41n66)
it appears that cnly a snall hroﬂortion of Ltotal MITERS
projects in Westers Rustraliz will be able to bLe cvalua-
ted sziisfactorily. This matter is dicciised in more
detail in Chopier 3.

PR au
Tor cach State, the guality and wncelivy of =07 Jets has been
revicwed, It was concledel o Lnly the covth Costralian and Western
accident dato L - cre carrentdy suitalble fov urfe in the
For those qwn States, sooroos of deta on tvaffic
WOrE LIRS e
corella, el I
T Wesuoon o
prlivlos Lo oEooon: Ll
=5 in traific flow
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TARLE 2.4

Profect No. of Accidents per year (a)
Tvine rojects Czcualty Total
Rail crossing treatment 20 n.a. n.a.
hew intersection signals 25 32 153
¥ew intersection

channzlization 55 54 237
New intersection signals

and channelization 6 4 32
Modify iIntersection signals - - -
Modify intersection

chonnelization 2 ’ 0] g
Modify intersection

sipnals and channcliization 3 7 44
Additional lane at

intersection 3 5 27
Pedestrian refuge/median

island 32 12 92
New pedestrian signals 2 n.a. n.a.
Upgrade streat lighting 1 n.a. n.a.
Guard rail provision 1 n.a. n.a.
Realigorent i 0 3
Convert intersection to 'T' 2 4 8
Remove 1ntersection 1 Q 0
Median clesure L I 2
GIVE WaY sionc 27 12 E1
ETOT sion 1st &7 465
Advisryy rreed mignm 5é n.a. n.a,
Clearways 3 T.o. n.a,
Cuide post reflectors 3 G.d. n.a.
Various 20 n.a. n.a.




20,

In koth Stotes, data on MITERS projects may be obtainred, initially,
from Ttate culmissions for the Cor-orwea2lth made under the terms of

the Suiicce Oemitc (Fezxde) fot 1077, ono the Lot 1474,
Further proijccet information will heve to ke road
autherities to entnanlish

. dates of comrencement and completion cf prodjecte;

. operstion and mzinterznce cosis;

. constructicrn arnd docign costs;

. precise locations for projects (copecially with

Category A Dro ccis).



CHAPTER 3
PROPOSED METHODOLCGY FOR EVALUATING THE EFFECTIVENESS

OF MITERS-TYPE PRCUECTS

3.1 INTRODSCTION

This chagicr coibains a drsrri)ticn of the [roposed metholcleogical
prozedare for conducting #n evaeii. Jun S : ectiveness of
MITERS~type projects. Tuo mebboy ooy is baced on the before-cwi-after
appreach in which the accident siunetion at selected sites is observed
before implementation of a project, and compared with the accident
situation after implementation.

&
jo7)
L'a
e
v Fh
~
ol
m rt

Once the b AT

concevrnin i proprizie statisticzl technique for determining uthHer
any chuer—-ed change in the accident situatieon reprezsntz a change that
can be erxpleined by random behaviour or is due instead to the project
that has Loen implemented.

To avpreciste pr""erly i he *rcpnqed methed, the reacer snoald be
familiar with the oorneor o of stetistical testing of hypotlieses and with
1the mat’ -ziic l and s;at*sfnral ihecory involvesz, Shis Chapter has kion
written ‘n two parts. The first coniains a verbal surmmary of e method
and the second congstitutes an annex of statistical and mathematical
details.

The siructure of the Chapter is as follows :

Section 3.2 A brief description and assessment of alternative proczdures
for evaluating effectiveness of road safety irprovements.

Secticn 3.3 A specific test for determining whether accident numbers
khave decressed aifte
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type. Selecliicn of an appr riate goosie
proo Jure.  Prerosed mn*hfi to account

. seasonal effects

. secular trends in accident occurrence

. cthanging expcsure

. bias in boforve and aficr veoricd feloction
. effects of nor-rororting

. system vs site effects.

I

Secticn 3.

. {0
m -
0

rt

Section 3.5 Develcpment of a test to detect relative changes in the
severity level or type of accidents.

Serction 2.& Develcorent of a toct o allow corparicom of cost-
effestiverness within ana Jovwoen project typos.
Seocion 2,7 Summan

=
-
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|
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In &3 varlier J:e_port:l a roview was made of the four major types of
- -

.xozrimental design used in evaluations of road safety effectivencss,
Theze were :

1. Multivariate studies

2. Single group srudies

3. Faetched group studles

4. Eefore-ané-aftor ctudies

Prior to the Gzvaloprent of a cpecific statistical methodology to be
wed In the eveluztion phase of the present study, each of these appreaches
has been re-exanmined to determnine its potential applicability to MITERS-
type projecte. Trhe conclusion w=s that the before-znd-after study tech-
niqueis the most useful to apply to the problem of assessing the safety-
effectiveness of specific MITERS-type rraiects.  (This is consistent with
the observation that the technicuoe is by Tar the most widely used approach
to eveluations of road safety effectiveness). Conseguently, it was deci-
ed to acopt the before-wnd-after approzch as a besis for the evaluation
&né testing work of the proposed study.

It

ﬂ;

The following CONNQDuq on all feour anprosches zre macde by way of summary
of the esarlier lepurt . They identify t»& mein rcasons why Llhe first
thry e epproaci=s are inenpropriate for the evaluaslicsn of MITERIS-iype pro-
Jects.

3.2.2 Multivariate Studies

Asreltivaerlate techricoe of aonlyoieg drvelves the sclection ¢f a ranye of
actuel situations, in each of which all the factors to Le studied are
present in varying degreés. The extent ¢f the contributicn of each
factor is determined by arnalysing each situation, and the result is
ustilly civen oy a mathematical ecuaticn recresenting the number of
accidents as scme function of the factore concsidered.

A =zimple model illuctrates th: conoral corcooopt that aceidents axe a
funciion of wehicle fectors V, reed factoas R, é@river facters D, and
envirernental fTactors 5.0 Tilas

A2=1 {(V,R,D,%)

wrnere A is & mrarure of tte accidunt thanomeron.

The technigue allpws simultencovs gtudy of many Tactors and their inter-—
+

shiens, ever whier, tlere 3o Lo previous hnowledge of the effects of some
<7 the Ta ? ol a large number of factors means that
a I. situacions must be stuiied. The number of
suc the numkzr of levels or values which each

I:;Ix:tt:n ef the Fffaetivernzss of Traffie
red for the Commonwealth Department of
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Factor mzy attain. BApart from these difficulties, there zroe the further

fficulties of recognising all possible 1anUﬁn*1Ll factors, and of
assigning a guantifiable or measurable value to the attriiute(s) of a
feztor.

In the casze of evaluating MIiTERSE-type projects, assessing the interaction
between a large nunber of factors is rot the iseve. The concern is to
assess the irnfluence of one particular factor. The multivariate apprcach
is therefcore considcred unsuliatle.

3.2.3 Eingle Group Studies

For a pecticular project type, single grovr studies involve the s:2lection
of a sincle group of s‘tes, ideritical in all respacts, with the exception
568,

ConQEﬁuently, the techﬂlcue is dlrocteﬂ to the study of faciors which can
be quan*lfled and for which the ccncept of at least iliree éifferent levels
is meanirgfull (e.g. traffic volume).

The technigus is useful for zosessing the change in perfortance of a
pdlLlculer reasure as the mezsure is implemented with differing intensities.
In the case of evaluaticn of MITERS-type projects, howcver, the principal
concern js with factors which cannot be treated in this way (an example
would be 'STCP sign' vs 'no &TCP sign'. That is, for MITERS~type projects
there is ¢znerally not a rangs of potsible levels of implementation and
iherefeore this type of arpreozch is inapprogriate.

3.2.4 raiched Group Situdies

For matched groun stulies the aim is to investigatn the effects of a single
factor, for example, the erecticn of STOP signs. Two groups of situations
may be used, which are dissimilar only in that a particular factor is
present in 211 situations in one group, and aksent in all situations in

the other. PRlternztively, two croups could be selected, each covering

a wide range of conditions, but dichotomised such that the fector under
study is present in one group and not present in the other. The difference
in the averzge cffect is then a measure of trhe ef{fecct of the selected
fector. A matcled aroup stucdy ls really a special cace of a multivariate
stuldy, @nd 15 Ccleavly 1o0@ eliiiaeant anl Zo8ss corplicated &t ths price

of being able to study the effect of only cone factor. For the propcsed
study, this failing is unimportant.

ifficult eithzr to select +wo orouns

cts except that of the facher urrer

situaticns wiiich are truly repr centative

com me, ac recoized v othe #l-ov-oative. In

facr, the ideel ratched oroup would be a set of situztions natched with
tremselves provideld that other factores related to the pasrege ©f -~irs cither
did ret infliuaence the croonrrence cf accidents, ov could have the elffect of
their influence removed. That 23 the situztions befcre a particular factor
(2 KITEES-type project) ik introluced would be compared with the same situa-
tions after the facter is irtroduce

and-after study, discursed in the noxi se

1 - o . - - . o -
For two levels, the raiched groop oo igue, discussel Zn Fotion 70204,
is appropriate.
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from the difficulty that it may not

¢ elso cuffers
faclors wre proesent, or ncet present.

Finally, the teclrigu 2
tly vheat othor

be casy to say exzc

In susnmary, an approach using the matched cgroun tochrnicue is considered
unsuitable for the evaluation phase unless it is 1&5':rw;atru in terms
of a before-and-efter study.

3.2.% Befecre-and-hAftoer S‘LﬁJe=

the evaluation of rcal salety mzasure effcctiveness. In an bL;:taﬁtldl
N . . . o1

body of road safety lliterzture reviewed for the carlier study’, alter-—

native techniques were cnlv very seldcm found to have been used.

In eszence, the technicue constitutes a matched ¢roup study, except that
each situaticn is matched with itself, first without and then with the
factor present. The major ¢ifficulty is that thers may be unwanted and
perhaps undetected changos in factors cother than the cne under examina-
tion. This muy e comzensated for by the uss of statlsticzl conirels.
An exantile of those woul d be t eris coourring in
the State in which a projec

he total nunber O accige

Cf the four technicues so far discusced, this technique is conceptually
the simplest. It involves compjarison of the cccident olcuvrence respec-—
tively before and aftexy the linplementation of a project. Further, it is
more relevant than the multivariate technicgae (*ﬁht is, only ore factor
is under crudy), it is more relevant than Lhn zle arovp tecknigue
(thot dis, it is bettor cuited Lo th analysis of r:ogect: viich are
either comrzletely or not irplenented at all), and it represents the
matched group technigue in its ideal form.

3.2.6 Summary

For the reascons identified ebhove, it was decided to develop a methodol-
aby for the evaluztion phase of the study based on the befcre-and-after
technicue., The technicue is superior to alternstive approsches in inpor-
tant rssziecta. It is eisc conceptually sinple and reguires a minimum of
data input.

I:: the next Secticn, thz Jevelopment of a teést procedurt epprofriste [oX
oL owith T Lelore g : ie cvalucstion

o
rhaze of the study is
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Because, in most cacses, the incidence of accidonts at a particular site
is not hich, any procedure cdesigned to test for a change in the accident

experierte of a particular fite will not in goneral bhe very poverful.
That is, there will be only small prchability that the test will cwiizoie
a chenge to have c-oorred when, in fact, & chonce 00 o-ouwrred.  For this

tes whare

-
Iy
e,
i
—_
/g
=

raasor it will be necessary to combiins veslits Jrom se
the samz type aof HITEX i

- g e e e L R e gy
IODUSVSTLY has Deen cerr

The test ryowo:ad is therefcres based on comnovinzg the nurloy of accidents

which fall into ezch of the before-and-aziter poriods at a group of sites

at which a particelar type of HITERS imzrovenmocnt has been carried out. In
the initial descriri‘on of the test no acccunt is taken of such factors as

. changrs 17 site cunasure
. charces o the secular tresmd of accifents
. cepasn-al f-=clors

Modificetiors to e madn to Yake acoount 0f these facteors are decseribed
later.

3.2.2 A Test for fccldr=t Teduction

Suppose we have a group o
& particular type coi MITE
let

tes nitbhere? Trem 1 to n, a2t eaclhi of which
S project has Lo Implements Yor si

Fy
p. be the ratio of accidents exnpectied in the after period
i . .. .
to the total number of accidznts observed in the beiore
and afrer pericd if no inmpryoverent in aczident incidence
occurs
Ni be the total number of accidents ohserved in the before

and after poriods

cidents in the after period if

2

o]
5
D

171
no
I., Lo the ohzerve STLEY G0 mec ool s e U0 L vied,
Thie toxt da Geegiores o fosaey b o7 i a cueslion
Does the number of accidents ckserved in the after period,
when coirpaered with the mumier in Lhe before period, indicate
thet tho rroject hss improved the safety of the croun of
Usirs the rovation olwss obove, o want fo oo iF
m ™
z crt o than U WL T,
L= . L.
1= .. l:'l
LTS TLOL

PR B R R R R rooro L and
s O GREUT S, LTaCver, Tor Lne

cnd o eltor periclis Gre of foual
Vi oge gl dron s ged rar ot ioantie,
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In the Annex to this Chapter, w2 show how to detoeriine & critical value
6 (a), such that if

m m
) ni is smaller than

K Pi - S(a)
i=1 i=1 *

we can conclude that the project has improved the safety of the group of
sites. That is &{x) is the ninimuam number by which the total accidents
observed in the after period at sites 1 to m must be lees in order to
indicate that the project has improved safety.

The guantity o represents the prabeb:lity thet the conzlusion érawn is
wrong . That is, if wve conclude that the project hzs imzroved szfiety,
thare is a 1004 per cent probzability 7wl the indicated improvemsnt wes
due to chince alone and that the proizct has not, in fact, led to any
imprcvement in safety.

The wvalpe assicned depends on the level chosen for a. This will typically
be of the crder of .05 or .10 indicating respectively a 5% and 10% pro-

bability +hat an indicaied improverent could be explieined by chance.

3.3.3 Power of the Test

In the above a test was describad for which the conclusion that safety has
bEeen improved by the project is subject to a small 100wt chance of being
wrong. Converssly, we sheuld like to e ressonably sure that if safety
has been irmproved, then ithe test will indicote 1hat it has. In estatistical
terms, we Genote 1-B as the prouakility of the test indicating an improve-
rent in safety, given that one has, in fact, occurrsé®. The quantity 1-p
is known as the pouwsr of the test.

In this section, we investigate this attribute. If, for test situations®
likely to arise, the power can be shown to be acceptably high, then the
test procedure can on this basis, be taken as satisfactory. Alternatively,
it is useful (indeed, escential) to determine those situations which yield
a test of vnzccoptally low power.

The powir of the 1.-3t is defired in terms of, and is therc¢Tore dependent

ori, Ll ectual 1w avement In zafelty prodocsd by the ipplemsntation of the

Yrel. We carn o ounantifv o thle Sopendenev oas fuollows.  Let

vk

P

TonTooT o oan

A be the true mean nunber of accidents per year over all sites in
the befcre period, and

P be the true roeon nunler of accidants per vear over all sites in

the alter period

¥ be the ratio Aa/)b

Tue Cuantily ©ods known as the protabliiicy of o tvee I error.

ey

Ltuation, we moan the state of affuirs Sesor!
tora} nurber of accidents observed, the relacive lengihs of before-
ol the crtunl offoor of i =3

DRI, [
O it S §
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e therefore wish to determine the behaviour of 1-f when v is actually less
than unity, that is, when there is a lower accident fregusncy in the after
peEriod.

Some simplifving azsumptlicns arse usciil.

t is the suwm of the durations of 4l a ceriods (in years)
T is tha com of the duraticons of &1l periods (in years)

rh
rt
m
(81
"J

suppose further that sites are homogernezus with respect to Lime within
rich periogd. That is, the expocled nurber of accidents for a given time
roriog 1s directly rreperticnal Lo tho length of ihat time period.  Then
values of 1-f ¢an Y= derived a=s a fun-ion of o, ¥, IN, and t/T (zee

) . : ; - i
nnex). The results are shown in Table 3.1 and Figure™3.1. It can be seen
that in the majority of cases, if the tctzl number of accidents observed is
sufficiently lzrge, the power of the test will exceed 0.90, particularly if
G s set to egual 2.10 rather than 0.0%
;@ now rrnow that for the test proposged, provicad the number of
observed is sufflciently 3 0
v 5% ¢r 10%) of concluding

. there is low rrobakility =~ (sa
i hes occurred when an increase

that an increase in safzoy
has rot, in fact, occcurrcd;

. there is high probzbility 1-R (in most cases SO% cr
better) of concliuding thet a&n increase in safety bhas
ouCurred wien it, Iin fact, has ccocourred.

3.3.4 Foumle Sioe

In generid, iie selection of an arp-onriate sarnle size for a saxple survey
depends upon :

- P

{3 the presision rogairad ¢ the riosuiits; thet ie, tho accuracy
with vhich a sample statistic should estinate an cstimated

poram?Ter;

{22 Ao most ool ooreling
In cace of hypotrersis teosting, with which we are concerrned, the first cri-
terior —oy bhe replazed by

-

e '];j

T

wWOorn W L AL Shpu PP EVUR of S S g

D Fh Y
CER I
s}
r

o DEYOrYisie sampio size will theiefcre Invoive coozillcetion ol thio
desired prwer of the test and, through reference tc tables such as Table
3., detirieinenaic of ) : oot zize {ir terms of nanbovs
] eccilonta Giaorned ovor Lnnooftoy perlicis

it o oo, b SRILEER Toodhigt v oTooovo rrt Io oepafots has
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TAELE 3.1: Power of Prouposed Teat (o) (b

foral nu. of Ratiu of Power of 1-¢
sccidents cocigant = T T T T T T T e e e e e
dheerved frequency Ratic of after periods curetlen to total periods
after to curation /T
before

0.75 0.50 0.25

N, K a=0.05 =0.10 w=0.05 0=0.10 a=0.05% a=0.10

. 100 177 .101 -181 .G26 .160
-1%0 L2687 104 . 309 L1464 L2489
. 335 LL64 342 486 .236 <373
.538 .66 .550 . 592 . 371 .536

o ~d O3 D

] 762 L B4y ) LT3 .552 .71%9
100 L@ 125 L2145 .131 L2235 . 109 L1585

8 L276 LA01 . 296 L

.7 .511 L6402 .5438 .638 . 395 . 554
6 L7973 . 835 .511 806
5 .84 .E873 803 . 23% . B4S . 830

200 164

[£%)
~J

2 . 184 L3295 148 .251
L4273 . 560 L4331 . 014
. .749 L5433 . 806 .891 . 647 .780

Lo IENY o4

[ N =

L9583 .977  .375  .930  .895  .953
LI N N Bl 67

500 9 -0 20 G L83 L2501 383
& 726 ey L1 TET G2 L 739
i 74 H&4 252 = L8561 FEQ
.6 1,080 1,000 1.068 1008 L EES 1. 08¢
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(a) For examnle, for o sample size resuicine din 200 acciconte being obscrvec, for

Cquul Jenyin vefore and after pericds, Jor o choses to equnl 0.1, anéd for a

Ty T200Tien in medn aecidents Db vear in the aiter persod of 605 of che
cun froooreyr Lo the hatfore periodothire Ie oo 0O 2himnes gt the test will
doerteet 4 oredaction o Lol oG co il r Ol
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A major constraint on the attainment of the selected sarple size will
be than particular types of projects will not have been implenented in
any great number. Gther types of projects will not be associated with
large numbers of accidents. In either case, it will not be possible to
zttnin the selected sanmple sice, simply because the aggregation of in-
dividual projects of the one type will not result in a sufficiont num—
ber of accidents.

Thics dees not mean that the analysis should not proceed. Rather,
should the test irdicate that no reduction in accident numbers has
occurred, then the power of the tect should be examined to see if this
is likely to have heen adeguate.

The guestion of cwirle size becomes more significant when it is desired
to test the effect of projects on differernt types or severity of accident.
In this case, thc ruobers of accidents of different types or severity may
be effectively reduced to a small fraction of the total. To test for a
reducticn in numbers of e@ccidents will in many cases b2 pointless, and

it will be only the major tvpes of accident which may be analysed in this
way.

Finally, if it may be acsumed that a sample size governed by EN_ = 100 will
be appropriate in most cases {(i.e. projects selected for inclusicn in the
analysis must yield a total of accidents in the before and after pericds
egqual to at least 100). Tables 2.3 and 2.4 of Chapter 2 provide an
initial asseccment of project types for which this sample size will be
attained,

In the case of South Bustralia, suitable accident data are available from
January 1972 onwards. Thus to yield a total of at least 100 accidents in
before znd after periods corkined, the number of accidents per year for
each project type should be about 15 or more. Using Table 2.3, the pro-
ject types for which this is the case (for either casualty or total
accidents) are as chown in Table 3,2,

FTor Western Rustralia, Lhe analogouas corpilation is shown in Table 3.3,

In this cace, suitable accident data are available only from Jamtary 1276
onwards, o yicld - total of at least 100 accidents in bafore and after
pericds corrived, the nurber of accidants per year for each project type

shoualé therecivre Le about 35 or moirc.

3.3.5 Swuitability of Froposed Test for Project Evaluation

It is ;1;;cf;A, te, at this stace, to exemine the aptness of the proposed
test prozelicre for the evaluation of MITERS-Uyle projests. Tasre are
many aifferent claceses of projects which may be placed in the 'MITLRS-

type! catsgory. Sone of these, listed in the first Chapter, aco ropeated
Lhere for convenience.,
a. traffic signuls
b. road signs end pavemont marking
cneed control systems

d. clirzticn of inteyseoli
nulti-otroe intcr:eczion

or modified traffic is

‘ons on arterial roads, madification of
s, provisicn of median strips Or new
rds and roundaboute;

e ————
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TABLE 3.2 PROSICT TYPES IN S0OUTH Al:T 21 0% MI7TURS Frlomil
(1974/5 tno 1977/R) FOR WHICH TOTAL 07 ACOTDLNTE
In ESTORD LY CCUTIR PORICDE TONRINED IS LIVIIY

Fraojoct ns. of fceidents per year {a)

ype Freojects Casualty Total

Conversion ¢f intersectiion

to '’ 70 52 161
Fediarn harrier 13 20 123
Median Closure L 6 42

New or upgraced street

L=

lighting 43 14l 797
Safety bzrs a1 62 238
Modify intersection signals 40 a9 758
Modify intersection channel'n 5 18
Kew intersection signala 22 76 480
Kew intersection

channelization 40 84 351
Modify intersection signals

cnd channelizaticn 2 6 43
New “ntersection sipnuls

and channelization 5 8 16
Tliminate intersection 4 6 16
Reundabout 52 58 147
New pedestrian signals 25 20 62
Aren o tralfic mansrooont 1 15 43
Friority route scheme 102 14354 10196

L]
rt
T

= toe corre

Sourece: Table 2.3
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TALLE 3.3 PROJECT

3

Froject Mo, of Arcidents par voor
Tvpe Prodecis Casunlity Tota.
New intersection eizncls 25 32 i23

237

(W]
.

¥ew interseciicn ciunndil'n 55

¢

Lo
]

L4

52 12 2
27 ! 81

- N

STOP sign 155 f

{a)} designated by State as "susceptible to correction”

Sovrce: Table 2.4
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type. If czre ig not taken to exclude theze accilznic unconnected with
the project cf interest, an incorrect assessment of the project's
effectivencss moy result. In cther words, the inclusion of additional
and irrelevert information roduces the powsyr of the test to doterrine
whether the project has been ¢iic.five in redicing thz types of accidents
to which it Las been d.rezsted.’

Further, the evaluation must allow us o identily caszes where the occurrence
of a certain type of wceoident has keen increased by Lhe implasentation

of a prolooh, .0 gxarnile, while intersection signalisziicn rrojects are
primarily dLIPCtEd at the recuctloq of accidents invelving vehicles from
conilicting traffic streams, it is now knourn Lhat this type of project

will gen=srellv czuse an incrcaze in front-to-rear ccllisions for vehicle:

in the rams $oefic stream, mheyefore, whilst an initial assecssment might
suggest that only the former tvpe of accidents be included in the analysis,
a true evaluation of the projccts' effectivenecs will only result if
seemingly unrelated accidents are included as well.

On the ciner hand, the ircluslon of oo
nay cadse the results te 2w foontaninat +
jects or fsctors. For exarple, coneide cti
length. Suppose a centrzl median has b stalled, with openings at
some Intersections. Then an appropriat accidecnts would be all
those pccurring on the length of road, 1nclud ng those occurring at inter-
sections. CSuppose now that GIVY WAY signs are installied o the niner
approaches to thoce intersections. It is no leonger possible to assess
thie true effect of the nefian alcne, since tho GIVE WAY signs will them-
mlves cauce a change in accidenrnt ocrurrecnce. What could be deue is Lo
include in the evalaation of the medion only single viohicle accidents
and head-on accidents invelving vehicles on the section of road. It may
be argued that it is to these wccidents that the median is primarily
directed and that they will therefore provide a useful indication of the
effectiveness of the medieg-. Again, it may ke argued that medians are
insta’ 168 ¥b reduce th® Humber ©f d-way intersections on a road and the
conseguent COﬁfl1ctq znd accidents. In this case, accidents at the
remaining int cuiZ be included in the analysis beceause they
reflect the cnaige in conflict patterrcs cauczed by the rmedlan.

d14:y a Cefined sct of accidents
! Tlucnce of oiher pro-
ion ¢f road several km in

i
LN

crecify in advance
Alew ol bl Fomy whdiosles v o mvadact o ey, i4 is
dlfL4cu*t tc sopr‘fy those accidents wnich snould be exncluded bzcause they
fall urfexr the influence of other projects or factors. It is therefore
ugoernted that a progedure be followed which allows the evaluation to b

5
made for an initially broadly de7ined set of accidents, and n"‘secuent
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3e.
The change ir local exposure aue to the projesct's inflcence and th
conezquent irmpact on accident orouvrence 1s properly so:n &g an

2ot and should not the
a. The chenge 20 1l
- 2 . R
: 1o . 12

cf the rrc zoumed to o ediovr the ol

j.:
acciden: dat
el

o those v
an overall control is the only change woaich chzould fowim the hasic of fur-

!
ther adzustment of oheorved scoilsnt detn.

¢ is not noigible to Jo pro_oritioneg of tho total exrosure
chiange vwhich fall intc ea three catico

edjustirng for changzs in 1 exponure will be o0 ennrominate prccedure.
Tha aprrcacl propossd is

orieg. Consegquently,

Lot nlron s, namEly

havge shesld be ussd

(L) aneune Ehet

to adjust obSurvea zccident data;

(i)

The correct adiustrent will lie somevhore etioon thzan Lvo exiromizs, so
that the zozroach afvoeated cbove will, din eficen yield ¢ 1000 condideocg
interva’l For the preper w..lus of the aljusted accident figures. Foth

extren: values should then be ure? Jor the evsiustion of profect cifceckive-
ness.

wre chingon for locatiers at intersections,

Tc adiuct for exipun.
n ndices of thie form :

we propsse usi

whrre Vm refers to ARADT an the malh route
Vc rofers to ANDT on the cross route

T cousls lengoh of ting period.
9 3 £

One sieiy® suggests that hoe Lnnroprisco values Tov oM, oy oars msysh,
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the varitance is doubivd, the rropusel Lpproach i 1o oo puclosred dao
Lo 1ts lmoroved powel.

B S T DU 2 S O A S B LA R
Troc. Yoh JOTD Corrarorta,

3 - . -

L [ e L e e




39.

(1) singl. welhicle egccidents (one wehicle, any directicn)

where V is ihe ALDT fcr che-way flow,
time prrind

(ii} aoat-en collislions (v g, cr2orite directions)

L is length of road sccticn
T ig length of tiwe period
mean speeds of fiows 1 and 2

ayre aniiame

Ty .t

LIt
FUUGesis :
ssculer trends ¢ni for chanoes

@ wwlusiors of tests
for the case studizd in Chapter

safety effectiveness wis reguired.

3]
0
.|

In &ny vase, it -mist be remomhered that the proece:
necossarily aryorimate. - d
that secylar influomocs: eve Z0lL wiiforrmly et every site riudied and,
for ke o, 0wt those influinecoz ave the same for different types of

arcideni.

stolb oy soousar toe, onos

In adiustirg foxr cun
potential rources o

(i} T o exnoosure which is relevant is that which occurs at
- The uge of ARTT to calcoulate

Howgver,

Poroa Fiwe I IAUT o drororze inothe reomoriics o reiliic el oa fitc in
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the difference between estimated AADD and wactucl 7.ADT can be 20% or more
of the ootugl valuc).

To shew the effect of inaccuracien in AWTT consider the following.
At intersectl-ne tho Dropisl CURLELIC 1nOok I6r & narticular year is

E = (vac)'. T errer in T, given 2 15% error in cach of VO oand V in
Tl

the same direction is therefore

Ln g s
(2,157 ) (1180 )7 - (VW
m < m C
b
= 1.15 (Vv v )
(T
or 15% of ¥, €imitar ro. LTS Lol Yo the othier exoozuve Indices

1 g ],

In surmary, the reselts cblelined from the eveluztion of a project after
adjuswment for seculer trends and eypciure Wwill have to be drtcrprezed

witihh caaticn.

tem ef{ects due to particular
olexn tash. For all but parti-
N

Sycten : T asgesumant o evse

o \
grougrs of projects is an &ACCGC'HQlY CO
the 2

cularly straightferverd casoes, effect ©f a project on the traific
systeon will Le counfounded by othar counterrmeasures wnasrtaken siroltan-
ezuslv. Thus, direct measuremont cof 53t i ncts will be posciklie only
when either
. irndividual project locaticons are substantially isclated
from the influerce of other p*ow‘ re, or
. theo project constitutes an avea-wide or system-wide

appliication of a particular countcrmzasure.

In the formor case, an appropriete procedure will be to make an assess-

ment, either sn-slte or usire maps, of which nearby sections of the road

eysten raey ke afferted throvch changes in traffic flow induced by each

preject. It is difficult to Le rrecisze alouf this approach to the pro-

blem, even for SL eolilic wyoo ryrejects.  Both the -~otare of the inm-
: z : to the

ind the avtent
- ~ntolo

under evaluatgon can be expecied to =

oL

In the Izicer tase, Lhere would gernerally scem to Lz little possibility
imﬁlemented on an areca-wide or fystem-wico
~ — - . e m = e

whed by, lor coomoli, Ung

TTERI -ty Lvotects vhoool resi, will
'; 1
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3.4 STRATIVICRTICH TISTE

3.4.1 Intreducticn

r
0
V]
o3
ih)
4
R
T
o
w

The test procedure descrine’ in 5 ociion 3.3 is desianed
following guastion :

Suppose a particular typec of proiject is implementcd zt cach of a
group of sites. For the greoup ar a2 whole, iz the change in the
accident situation consistent with the hypothesis that implemen-
tation of the preject has irproved safety?

Application of the test will therefore yield information cornuersning
the general safety effectivencss of particular types of projects,

The test as described will not, howavey, ernzwer & mimser of other
irportant gquestions. TFor example, for a particular type of projoct,
there will cften be diflcrences in encineering design cor implementation
and it is possible that thesse differences may result in different im-
pacts on safety., To illustrate, a traffic signal installation at an
intersection may ke characterised Dy the presence or alsznce o

. channelizaticn

. epecia)l phases for turning vehicles

. vehicle activazion of signals *
. turning lanes

In each case, the effect on safety may be gquite different, It is
impartant to Lo able teo determine both the cxistince and size of these
differences.

an equally important questicn relates to determining the relative
effectiveness, not of different versions of the same tvpe of proliect,

but of different project types. For example, it is important to know
whether a high-cost type of project is proporticonately as cffective as

a low-zost type of preject. To illustrate, pedersivian erevated signals
and pedestrian (zebra) crossings perform the sare function! at mid-block
locations, yct the former are more costly than the latter. Tt would be
useful to know which were the more effective in reducing accident occur-
rence.

The effectiveness of identical projects may also differ according to the
type of sites at which they are irplemented. Acoin, pedestrian (zebkra)
crossings provids a geod illustration. 1t mav be that substan-
tial ciiierences in elfecoiveness recult in situations diJfelent in

respect of wralfas Ilows, stirest wolilhis, wraific speeds, etc..

As a lazt example, it may be the case that ¢
pilexantod In oore roceml yesrs will be the le
werst 'bklack spots! have alrendy boen elimina
this conjecture would have eignificart implica
type project irmplemoentatlion.

r
ed. The verificztion of
ticno for future MITERS-

H
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st Lc Dolegt Differerces Frotvzar “illurc-t Zrouns of

Ivgiised An
involved

T i Lecausg W are now comparing Grou
ra-her than pr t individual sites. Because of the
e of atzidints, it 1s possikle bo preoocse a differant

are which is simzler to arply vet yields at as good
tne test described ir the previgus section.
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S OSoTLIon, oXoe

t
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i test irvelves constructicn of a contingenzy L-Ile znd the
£ 2 Chi-sguare =tatistic Lo test for dlfilcrencos atween

roicotz. Detalle are ¢iven in the Annex.  Wesn ie hafore
of egual lengtn, the conitlinsensy tahle is sat out as follows =

2 - .
be the rorder” of aocidernts chser-ad in the kefore
r .

be ths nurber? of accidents sbserved in the af
period for project greun i.

Cam P .
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koforo After Total both
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To determine the factor Ci' the total current money value of costs for
projects of type i, we negd to know :

. initial construction costs
. annual operating costs
. the interest rate’ applicable to cach of the

vears sSince implementation of the projects

Both capital and operating costs will have to be determined manually
usirg State records.

Mathematical details of the prop.-ed test procedure for corparing the
cost effectiveness of different project types are contained in the
Annex. The.test procedure may, however, be visualised as follows.

Suppose the reductlon in accident freguency for ecach class of MITERS
project is plotted againzt the cost in current dellars of implementa-
tion of each class. The cost of effectiveness of the class is then
given as the sleope of the line joining this point to 1he origin. To
test whether all classes of projects are equally cost-effective we
may examine the scatter about a regression line through the origin
fitted to the plotted points. If we conclude that the different
classes of projects are not equally cost-effective, pair-wise compari-
sons may be carried out in order to determine the ranking cof cost-
effectiveness.

The test is equally validly applied whatever the type or severity of
accident inclucded in the calculation of accident freguency. It may,
however, lead to different conclusions depending on the severity of
accident used in determining the effectiveness. The most appropriate
treatment to overcome this difficulty is probably to conbine severity
types according to a number of alternative assumpticns concerning
relative importance.

For example, the relative importance of each severity class could be

assessed according to :

. s 2

. published zcoident cost datz

. the relative freguency of occurrence of each
severity class

. the preference of the analyst

In the first coee, the importance of a severity class would be directly
proportional to the cost of accidents in that class. In the second
case, the irporisnce of a severity class would be inversely proportional
to the relztive fregquency cof occurrence of accidents in that claess. In
the third and last case, the intuitive dstermination of the analyst may
be used to welght each severity class.

1 . . . .

For & detailed dirscuscsion of the cealculation of present worth of costs
and of the definition and use of interest rates, see EX.J,Mishan,
Cost-Bencfit Analyeie, George Allen end Unwin Ltd., 1972,

‘gee, for example, P.N.Troy and RK.G.Butlin, The et of Collielcar
Cheshire, 1271.
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Illustration of the proposed procedures for assessing and comparing the
cost-effectiveness of different classes of projects has not been made.
The time available did not allow the extraction of the necessary cost
information.

3.7 SUMMARY

This chapter, and the statistical annex which follows, presents details

of the procedures which are proposed for the evaluation of the effective-
ness of MITERS-type projects. The proczdures are kased cn the before-and-
after study technigue. The basic test answers the question :

Does the nurber of accidents obzerved in the after period,
when compared with the nurher in the before period, indicate
that the project lzs ingroved the safety of a group of sites?

Various extensions and modiiications of the basic test were proposed to
account for ihe influence of

. seasonal effects

. secular trends in accident occurrence

. changlng exposure .

. bias in before znd after period selection
. effects of non~reporting

. system vs site effucts.

Further tests, based primarily on contingency tables, were proposed for
the investigation of :

. differences within and between project strata

. changes in the severity level or type of accidents.
Finally, a test was proposed for assecscing and comparing the cost-

effectiveness of projects. In Chapter 4, the feasibility of these
ciztistical procedures is damenstrated.



ARNEX
STATISTICAL AND MATHEMATICAL DETAILS

In this Annex we set out stalistical and mathematical arguments supporting
the discussion given in the main body of the Chapter.

Section 3.3.2

We have, for site i:

P, the ratino of expected accidents in the after period (assuming no
change in accident incidence) to the total nutber of zccidents
observed in the before-and-after periods.

Ni the total nurber of accidents chserved in the before-and-zfter
periods.

Nipi the expected number of accidents in the after period if no
improvement.

n, the observed number of accidents in the after period.

let 11 be the theoretically expected »roportion over all siteg,
of accidents, oczurring in the after period over the total nus' r of
accidents in both before-znd-after periods).

Letlu)be the theoretically expected proportion over all sites if no
improvement has occurred; and let I, ¥ 11 be the theoretically expected

proportion if some improvement did otccur.

Then an estimate of [T is:

A
I = In,
1
N,
i
and
N~ INp
o] _1}1
IN.
1

The hypotheses to be tested are then:

H 01 =1
0 )
H, =1
1 1
Ppplying the normal acproximation to the kinomial distribution® the number
of accidents (Eni) is distributed approzimately as
m ™
K (i1 Z Ni. Tl -3 5N
i=1 1=1 *
! see, for example, W. Tolley An Diirodiorion fo Droloheldty Thoory ond Ita
Arpidastione: valure 1 Third Edition, Wiley 1836, Pages 174-193,

i
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and the null hypothesis (i.e. that the project category has had no effect)
is rejected if

m m -1 m
I ni< nm I N, -~ ¢ {a) i (1—H0) % N,
i=1 © i ° i=1 *

where ¢- {n) is the inverse function of the cumulative standard normal
distribution; that is, where:

& = Probability [Standard Normal Variable >¢ © (aﬂ
Usually a is set at .05 or .10; ¢'1(.05) - 1.645 and ¢ 1 (.10) = 1.282

It is worth emphasising that the test described above is a one-tailed test
and more sersitive than a two-tziled test such as the x?. That is, whilst
a xz test can be used only to destermine whether a change has occurred,

the test described determines whather a ducrease only has occurred in
accident frequency. Alternatively, a simple modification of the test
would allow determination of whether an increase only, or change in either
direction has occurred.

Saction 3.3.3

We have:

Ab the true mean number of accidents per year in the before period
A the true mesan pumber of accidents per y=ar in the after period
K the ratio Aa/Ab

t the sum of the duraticns of all the after perieds

T the sum of the duration of all periods

=
't

~rg =ites are homdgens=ous With respect to time within each period

I

t/T
o

TI1= =3

bt
KL + T - L

Unier “l' the nurkar of ascidents occurring in the after period is
P : - : 1
distrivuted approxinately as-
m m
. Kt kt (T - t) R
Bl ——77——- I N, ' - z N
Kt + 1 -t , bR (k’.t,'i'T—t)h_ 3
i=1 i=1

! yeing the normal epproximation to the binermial c¢istriburion; see W. Feller
]

oLt

L
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and the power of the test of the hypethesis above is given by

_l R
r {z n, <T IN -3¢ (@) %fno (- 1) In }

t
(1 - r}) ZNi }

1 -8

Fr{Zni‘C% zrai-tp"l (a) %fg

Ir

where ¢ fl(a) 1.645 in this case.

Since

N~ H

Ni is normally distributed, we have

. £ _ [E —E _E _ kt(J. t’ }
1-B = ¢ {(E‘mi ¢lo)  § pllp AN, Kt+(T prayars N A PO s p

where ¢ {a) = Pr (std normal vble <a)

Now, suppose t/T = 3/4. That is, we have one year of 'before' data and
three years of 'after' dsta. Suppose also that the effect of the
improvements on the accident frequencies was actually to reduce lb by 50%;
then k = 0.5,

Suppose ENi = 100 and o = 0.05. Then

to.o o, , (L t Y i el L)
1-@::{—7 Beo- 1080 TN, =T USRS T PR
g (T “ %'I i ht/l1l"‘th - i G L.I-r] ¢ i< §
1 3 1.3 3
, ; - 2 % /2 7 (13) 100
= ¢ {(7 100 - 1.6454/5 (1 -3 100 - 1.3 + 3 100¥1% 13 3,2
4 == - = (=L 4] - =
) A 24 T Gzt -
= { {(75 - 7.12 - 60 [ 4 899}
= 0,95
and the power of the proposcd test is, in this case, very high.
Table 3.1 shows values of 1-f, devived in the sape manner, for various
values of a, ¥, TM. and t/7. Fioure 2.1 showe a oravh of these relationships.

It ¢an be seen tha% careiuvl selection of sannle sizme will gnsure a
ratisfacteory power, parricoleviy if o is sof to ﬁjunl AT
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Section 3.3.6

Bias in "kefore" data

(1)

(ii)

We have 900 'safe' sites at each of which the distribution of
accidents per yeer is given by

Pr (X = x) = e * (W% A = 0.5
x!

We have 100 'dangercus' sites at each of which the distribution
of accidents per year is given by

= e % 1= 1.5

x!

Pr (X = x)

tultiplication of these factors by the actual total nurber of sites
gives the expscted nunber of sites with exactly x accidents per
year. For example, for the 900 safe sites, the expected number
with 2 accidents per year is G8.2Z.

To show that one vear of 'had' dzta may unduly influvence several
years of outherwise 'normal' data, concider the folleowing
hypothetical example.

At 'safe' sites, the expected number of accidents per year is 0.5.
Over three years, say, the expected number ¢f accidents would be
1.5. 1If a particular site were chosen for improvement because

two (say) accidents were observed to occur in the first year?,
then after an additional three years, the expected total number
of zceidents would be 2.0 + 1.5 = 3,5, This should be compared
with the expected number of accidents over four years (2.0) for

a site not specially chosen.

The effcct of the 'bad' year's rcsults on the four year total for
he sroecially chosen site is quite marked.

Section 3.4.2

We have:

Ab the true &ccident freguency at the site i in the before pericd
i
Aa the trus accident frequency at the site i in the after pericd
1
K. the ratio 4
i a,
l/k
b,
i

.. - s : -
with probability of occurrence egual te 7.0%
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The null hypothesis is that the actual ratio for each site i is
independent of i, as follows:

Under the null hypothesis, the observed ratio K, at each site is an
estimate of the same parameter K. These estlma{es will have different
variances wipending on the actuel acc ‘ent frequencies A_ and Ab These
variances can, howsver, Le calculated as shown balow.

The best estimate that can be given for k¥ will be a weighted mean of the
observed K. after these have been corrected for bias. The variance of
the corrected k. around the best estimate of K can then be described in
terms oif a XZ dlstribution.

We first ectabhlich the bias of x and estimate the wvariance of k,. As
before for site i let: 1

N, be the number of accidents observed in the before-and-after
periods.

ni be the number of accidents obsgrved in the after period.

Further let:
Ti be the total length of before-and-after periods.

ti be the length of the after period.

Then a good estimate of Ki (dropping the subscript i for convenience) is:

k= n T - &
N - n t

It can be shown! that a zxod and unbicsed estimate of k is:

< ) (T't (1 +4221)

with variance esiimated by:

var (k') = (_n \3 10+ 1 T - 87
N - n/ L. H - n t }
The best {i.e., minimum veriance) estimate of ¥, uvnder the null hypothesis

. ]
is thus.-~

¥* = Ik w

A
. 1/var (x'.}
where wi = i

~
L 1/var (r‘l]

Y see M. Tin Comtarieo: of Soowr fzido Jodsuron 3UALS.AL KD, 1984, pp 294-307

CL
™m
o
1
v
2

2 A ctandard result for styatific
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Finally, to test the null hvpothesis, we use the test statistic:

which is distributed approximately as a x2 variakle with (m—l}_
degrees of freedom (one fewar than the nunber of sites) .l

Section 3.4.3

Let:

N, be the (adjusted) number of accidents observed in the before-
cid-after puriods for group i.

n. be the {adjusted)rumber of accidents observed in the after
period for group i.

If the before periods for each group are of equal length and the after
periods also of egual length, then the test for difference between
groups may be stated as a standard contingency table:

Before After Total both periods
. N, - . n N
Group 1 _ 17" 1 - 1
G 2 N_-n n
roup 2 M 2 N,
FYouy Tu H_ - n h N
m m m m
Total all groups I m m
z {Hi - n.) T n, I N,
] * 1 1t

Under the null hypothesis that each group is equally efifective, the two
factors {group w.i period) are independent and test statistic

m (r il & m
%lvkil: (x». -n, )/zr.]— (N - n )/{ z . - ni)/z Ni} +

1 l 1

It

k

Ml I

J.: [;n /T HJ -1 lj//qp I:n /? h ]
L BN Y Kp i, ;

e

I The sum is the szuares of n normalizred espproximately normal variables
fitted to one estimated paramater n*.
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is distributed as x? ;, provided that each of the observed gquantities

Ni - ni and ni is gréa er than zbout ten.?!

If the before pericés or after periods are in fact of different lengths,
the contingency table test described above must be modified. Adjustments
mist be made to make the factors of group and period independent, as
follows.

The null hypothesis is that each group is equally effective with a
reduction factor (unknown) of say k. To estimate Kk we assume that each
group has no effect., Then the number of expected accidents in the after
period £, can be calculated using the techniques described in Section 3.3
of Chaptér-3. The best estimate of x then is:

The expected freguencies in the contingency table may now be calculated
using this value.

Let:
Ti be the total length of before-afzr~period for group i.
ti be the length of the after period feor group i.
ki be the reduction factor previously defined for group i.
Then the expected numbers of accidents before and after the group i are:

T, - £,
1 1

k ti
e, = N,
ia i T, -t, +kt,
i i i
Under the null hypothesis that each group is eguzlly effective, kK, = k
for all i and test statistic: *
(. - n, - ¢, )2 + {n. ~e, )°
m i i it i ia
- ——
L e, e.
1 ib la
is distributed as xz
rm-1
! sec, for exarple, M.CG. Yondall ond AL 3wuart T2 ddumiecd Thoomy of
Statistics: vol.2. cT
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The following table gives an indication of the power of the test in
the case where before periods and sfter periods are respectively equal
in lengtii:

Power of Test for Comparing Two Groups of Frojects for a = 0.10

Ky K, Nl N2 Power (1-§)
1.00 0.50 50 50 0.51
0.80 0.40 50 50 0.51
1.00 0.50 100 100 .77
0.75 0.50 100 100 0.40
0.80 0.50 100 100 0.50
0.80 0.4 100 100 : 0.76

Finally, when there are only small numbers of accidents, the underlying
distribution is expected to bes Poisson and so significantly skewed.
Hence, 'in the terminclogy of the contingsncy table, the distribution

of the cbserved r.umber in each cell is Poisson and cannot reasonably be
regarded as normal. Hence, the contingsncy table approach is not
appropriate, and the approsch of Eection 3.4.2 must be used. However,
when there are large numbers, the Poisson distribution approaches a
Normal distribution and skewness disappears. The contingency table
approach described above 1s then sppropriate. '

For sufficiently large accident numbers, the test statistics for Sections
3.4.2 and 3.4.3 can in fact be shown to be egual, when each group is
regarded as gomprising an individual site.

Ve hove, foy prodtecis of tvoe 1

Ti the length of before plus after time periocds

the length of the after perinds

N. the {&3iusted) toizl nonbear of zeoeidents in before—-and-
v

E
n the (adjusted) nusisr of accidents in the after periods
pressnt velue (dncluding capitalised maintenance
! t
B. the true reducticn in (adjusted) accident freguency per

dollar expenditure on projects (expressca in present value
terms)
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An estimator for Bi is:

o

N.t, - nT,
ii
(T,- t.) t.C
i i i
We have, assuming Ni is constant:
E(B,) = B, and
i i

T.2 var (n.)
1 1

Var (Bi) = )
{(Ti~ti)tici}

Again assuming Ni is constant, an estimate for Var (ni) is:
~ n, (N.-n,k}
i ii

Var (ni) =-*??f— Hin
1

Therefore an estimate for Var (Bi) is:

2
Ti ni{N.—n,]
var (Bi) = | — , 1. 1

LIt C,
(Tl 1J ii Ni

Suppose there are r different project types. We wish to test whether

the various Bi come from populations with the same mean B = Bi. That

is, we wish t0 test whether the various preject tyres are egquilly cost
effective. Pairwise comparisons will allow rarnking of cost effectiveness.

The best (that is, minimum variance) estimate of 8 is:

- Ir 2
¥.t.-n. T, . T -
B =1 i i B Ny : i ti}tici
i=1} (T.- t.)t.C, n.(¥.-n,) T
1 A L 1 1 1 A 1
2
Y
5 N. (T.-t. 1t C.
e 1 X L 1
i=1 n.{x,~-n,) 1.
1 1 a1
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To test the null hypothesis that the Si are equal (to B) the test
statistic is:

: 2
r A K, T,- t )c,C.
s = 3 (B,-8) ——f:—é——_, (_&__Eijhé_i \
ie] ny (357my) T

which, under the null hypothesis, is approximately1 distributed as
2
X
r-1.

To carry out pairwise comparisons (if the null hypothesis is rejected)
the test statistic is:

B, - B,
t = i J

var (B, )+ vér{Bj)

This statistic is approximately1 distributed as a standard normal
variable.

' o - bt S T T LR YT S kR - I, - A
l M.G. zndzl) and 2. Evaart Dol Louovoes T DRoor (.'.'F FtLerLes

Griffin

S ey A o LR bl a0



CHAPTER 4
TRIAL ANALYSIS: S.A. DATA BASE

4.1 INTRODUCTION

To illustrate the methods of Chapter 3, it was decided to conduct a
trial analysis for one project type using the data available from
one State. The Scuth Australian accident data base was chosen.

For data related to the projects themselves, it was originally thought
that the source easiest to use would be that incorporated in the traffic
accident files, since this is already sequenced in the same way as the
accident records. However, this source of data proved to be unreliable
and had to be disce:d2d. The main source of project data used was a
copy of applications for MITERS funds submitted by the State of South
ABustralia to the Commonwealth Department of Transport.

In this trial analysis, sites of traffic engineering improvements were
location-coded as required. For the conduct of the main study, however,
it is anticipated that it would be more economical to .code up (assign
location codes and enter into a data file)} details for all minor traffic
engineering improvements. In States such as New South Wales where there
is a substantial Traffic Facilities program in addition to the MITERS
program, improvements under both schemes could be coded.

The principal problem for the trial analysis was the determination of
the implementation data of individual projects. This infeormation can

be obtalined from State Road Authorities but a substantial manual check
of records is involved. In the trial analysis a substantial gap was
therefore left between the befcre-and-after periods, to allow for this
uncertainty. Accurate information on implementation dates will allow
the narrowing of this gap and hence improve the sensitivity of the tests.

The structure of this Chapter is as follows:

Section 4.2 -~ Project and accident data used in final analysis

Section 4.3 - bAnalysis of changes in raw accident nunbers

Section 4.4 = The calculation of contrel factors for secular
trends and changes in exposure

Section 4.5 - Analysis of changes in scaled accident nunbers

(that i=, rcaled to reflect changes in treffic
flowz and secular trends).
Section 4.6 =~ Concluding remarks

4.2 PROJECT AND ACCIDENT DATA USED IK TRIAL ANALYSIS

Projects examined in the trial analvsis comprised traffic light install-
ation at intersections in metropolitan Adelaide.

The raw accident data used are shown in Takle 4.1. The projects were
divided into two groups: Group R, where new traffic lights only were
installed and Grour B, where new traffic lichts were installed together
with modification of channelisation. All sites from the 1975/76 program
within metropolitan Adeleidz which fell 1nio either of these t¢wo categories
were included. These cateacries were not sebhdivided further by such

criteria ao the tvpe of phasine usea., {ne cf the aims of the trial was to
sra 3f T Pe

cihar e v Adeieqey s s 0 AT s e s s e e
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The accident data of Table 4.1 are shown retabulated in aggregate in
Taltle 4.2 (excluding the Daws Road-Marion Road intersection because of
lack of data). Traffic flow data for all intersections were ohtained
from the South Rustralian Hignways Department and are shown in Tabkble 4.3.

A lack of time precluded iderntification of the precise installation
dates for projects. This is certeinly pessible, hut requires contact
with individual District Ofticers of the South Australian Hichways
Department. We were, however, able to ascertain that all projects
were undertaken and completed during the firancial year 1975/76.

Before making a final choice of the years to ke used for before-and-
after periods, a brief examination was made of the reliability of the
data base, in terms of the statistical characteristics of the accident
data. This examination is described in the Annex to this Chapter. The
main conclusion of the examination was that data for 1973 appeared to be
unsatisfactory. Time 4id not alleow resolution of the situation and,
conseguently, the years for before-and-after poricds were chosen as 1974
and 1977 respectively.

4.3 ANALYSIS OF CHANGES IN RAW ACCIDENT NUMBERS

4.3.1 Introduction

In this Section, we discuss the results of applying the test procedures
of Chapter 3 to analyse changes in raw accident nunbers at sites where

new traffic signals were installed. Tests conducted ucing scaled accident
nunbers are described later.

4,3.2 O0Overall Change: All Projects
Rpplying the test described in Section 3.3.2, we have:

N is the totzal npumber of accidents ckserved in before—and-

i . . .
after periods for site i.
n, is the tortal number of accidents observed in the after
3 . . .
ipd for site i,

vhere Il is the true proportion of accidents in the after period

T is the expected proportion of accidents in the after period
if no improvemert has occurred.

In this case, the befcoro-ond-aft

4]

r noripde are of edgual length, so that



TABLF 4., 1:ACCIDENT DALL FUK NEW LEKALELL DSLUGNALD LN FUSLTRUPUL LAY Al dafiaad L2 6 f £6 o Soudardl

GROUP A (NO NEW CHANNELTSATION)

Severity
Type Injury
Property BAccidents
Head Roar Side Right Damage excluding Fatal
LTt & Code Year Total on end swipe angle Others Only fatals accidents

Z:.z:ton read 1977 17 o 12 1 3 l 15 2 0

.77 Road 19748 36 1 20 ¢] 12 3 28 8 o]

oIl 210 19753 26 2 6 7 10 1 25 1 0

1974 - 24 0 10 3 10 1 21 2 1

.7 Strent 1977 18 0 12 1 3 2 17 1 o]

o -I2n Streast 1970 38 1 20 0 17 0 34 4 0

L2 IT0000 1975 66 5 23 1 34 3 54 iz 0

1974 30 1 15 0 71 3 82 8 0

-1 Rend 1977 37 1 22 2 10 2 30 7 0

~--=n Poad 19745 36 1 27 1 5] 1 33 ) 3 0
.17 23000 1977 na
1974 na

T-:-3les Hill R4 1977 12 0 10 2 9 0 il 1 0

~2=) South Road 1976 6 0 5 0 1 0 G 0 0

L.72I1en20 1975 7 0 2 0 5 0 4 2 1

1974 7 0 1 1 5 C 6 1 0

z2n) Sputh Road 1977 25 0 18 1 5 1 25 0 0

*.7-7s Road 1976 24 0 19 2 3 0 20 4 0

1LTI216000 1975 15 0 5 1 7 2 10 5 0

1974 28 o 8 3 17 0 23 4 1

Z:+11 Terrace 1977 51 5 26 6 11 3 46 5 0

T—==n3 Road 1976 32 1 14 2 15 0 27 5 0

17313010 1975 42 1 11 2 28 0 34 8 Q

_]_9_74' 51 2 8 2 39 0 42 - 9 0

*[9




TABLE 4.1: {(cont'd}

ACCIDEMT DATA FOR RKCW TRATFIC SIGNALS IN METROPCQLITAN ADELAIDE 1975/76 PROGRAM

|

GROUP B (NEW CHANNELISATION)
r 1
' Type severity
Injury
Property Accidents
Total Head Rear Side Right Damage excluding Fatal

Cite & Cade Year Rceidents on end swipe angle Others Only fatals accidents
lrocdwood Road 1977 26 0 7 2 15 2 22 4 0
Imrande Fead 1976 26 3 8 1 13 1 23 3 0
TOUIGZGO00 1973 23 3 7 3 10 Q 21 2 0

1974 €l 2 15 2 42 0 53 8 0
‘Commercial Poad 1977 10 0 5 2 2 0 7 3 0
Lale Streect 1976 16 0 2 3 11 0 16 0 0
1 11R0%147%0 1975 10 1 O 1 8 0 2 1 0

1974 19 0 4 6 8 1 17 2 0
Pridae Road 1977 24 2 15 2 5 0 22 2 0
Pentaoue Reoad 1976 19 1 9 1 7 1 17 2 0
ly420235000 1975 32 1 12 0 19 0 27 5 0
‘ 1974 30 0 10 2 18 0 21 8 1
i

‘Z9
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The test statistic is In, = 183, distributed as N (246.5, 11.102) under
the null hypothesis and is to be compared with:

232,27 for a = 0.10

228.24 for o 0.05

0.01

H]

220,68 for o

Overall, therefore, there was a significant reduction in accident numbers
at the 1% level of significance. That is, there is less than a 1% chance
that the observed reduction could have occurred by chance, and that neo
real change occurred.

Category A Projects

For category A projects, the test statistic is In, = 123, distributed as
N (161.5, 8.9%%) under the null hypothesis and is to be compared with:
149.98 for g« = 0.10
146.72 for ¢ = 0.05
140.860 for a 0.01

For categcry A projects, therefore, there was a significant reduction in
accident numbers at the 1% level.

Category B Projects

For category B projects, the test statistic is In, = 60, distributed as

N {85, 6.32) under the null hypothesis and is to %e compared with:
76.64 for o = 0.10

0.05

.01

74.28 for o

70.42 for a

For category B projects, therefore, there was a significant reduction in
accident numbzsrs at the 1% level.

4.3.3 Comparison between Groups A and B

The test described in Section 3.4.3 was used to determine the possibility
of a difference in the efiect of grougps &4 axnd B.

We have:

m = 2

= 323
Nl

= 2
nl 123
N2 = 170
n2 = 60



TARILE 4.2: SUMMARY OF ACCIDENT DATA FOR NLW TRAFFIC SIGNALS IN METROPOLITAN ADELAIDE:

1975/76 PROGRAM

Severity
Type
Injury
Total Headl Poar Side Right property Accidents Fatal
GCroup Yoar . ) Others Damage . ]
Acaidents (a) on end swipe angle excluding accidents
Only

fatals
A 19277 23 5 78 11 22 7 { 114 9 0
Traffic Lights 19275 136 3 78 4 48 3 i 115 21 0
1975 156 8 47 11 84 6 “ 127 28 1
1774 200 3 42 9 142 4 | 174 24 2
B 1777 60 2 27 7 22 2 i 51 9 0
Tuvallic Lights 1974 Gl 4 19 5 3l 2 | 56 5 0
and new 1975 G5 5 19 4 37 0 57 8 0
channolization 1074 1i0 2 29 10 68 1 91 18 1l

“EQ
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The value of the test statistic is:

(323 (200 + 100)/493 - 200)2
323(200 + 110)/493

+ (170 (200 + 110)/493 - 110)2
170 (200 + 110)/493

+ (323 (183)/493 - 123)%
323(183)/493

+ (170 (183)/493 - 60)2
170(183) /423

= 0.3705, distribut2d as %2, under the null hypothesis and is
to be compared with:

2.71 fora = 0.1C
3.84 for o = 0.05
6.63 fora = 0.01

The conclusion is therefor: that there is no significant difference
between the effectiveness of the two groups A and B of projects.

4.3.4 Differences within Group A

The test described in Section 3.4.2 was used to determine the possibility
of different degrees of effectiveness for the various sites in Group A.

For each of the five sites in Group A for which accident data are
availahle, unbiased estimates of the reduction factors ki are:

- + 1 ince T, = 2 t,
ny / (N - n, + 1) since T, i

vhere I, is the number of accidents cobserved in before-and-after
periods at site i,

n, is the nurer cf accidents observed in after period at
site i.

We have, using Table 4.1:

= 0.68
ky 0.680
1
- = 9
%, c.198
L]
k. = 1.500
. = 0.852
4
K, = 0.001

e — —_—
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t

The variance of the ki is estimated by
1 0y 7 (1 1
var (k. ) = _l_ﬂ} T+
= N, - n, n, N, - n,
i i i i i
n, HN.
e . 1
"0, - mn,)3
i i
Again, using Table 8, we have:
V.S 1
Var {k;) = 0.0500
A L
var (k2) = (.0027
~ []
var (k3) = 0.665
[}
VA (x, = 0.006
1
vix (k) = 0.392
Under the null hypothesis, the best estimate of Ky = is:
k* = Lk, w,
ii
~ ]
Where W, = 1/var(k.)
i i
A~ )
L fa/varix )}
We have:
w, = 0.034
1
= 0.634
¥2
= L0026
w3 D
= 0.285
Ya
= 0.0438
Yg
ana R* = O.441
5 (k. - x*)? ,
Finally, the test statistic I ~3-——— . which is distributed as X,
i=1 Var (k.}
1
under the null Lypodhesis, is €1.68
and is to be compared with:
7.7¢ for ¢ = (.10
.49 for a = 0.05
13.28 for uw = 0.01

The conclusion is
cffoctivenecs

at diliercnt sites

thercfore that there is a very significant variation in
in Croup Al



4.3.5 Differences
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within Group B

As above, we have,

k, = 0.419
[]
k, = 0.500
[ ]
T = 0.774
Ky 0
1
var (k) = 0.001
1
viy (k) = 0.423
1
vix (k) = 0.048
- 0.957
Y1
= 0.0226
“2 0.0
w3 = 0.0199
Therelore
kK* = 0.428

»

using Table 4.1:

. . 2
and the test statistic which is distributed as x. under the null

hypothesis is 2.70.

4.605 foraoa = 0.10
5.991 for o = 0.05
9.210 for a = 0.0l

This is to he compared with

The conclusion is that there is no significant variation in the effect-

iveness of Group B projects.

4.3.6 Type of Accident

The only types of accidents
allow a reascnable analysis
Using the test described in
results were cbtained:

which occurred with sufficient freguency to
were rear-end and right-angle accidents.
Sections 3.3.2, 3.4.3 and 3.5, the feollowing

{i) group 2: rear-end: test statistic = 78, distributed as N(60, 5.48)
under null hypothesis;
{ii) group A; right-angle: test statistic = 22, distributed as
N(82, 6.40} under null hypothesis;
{iii) group B; rear-end: test statistic = 27, distrikuted as H(28, 3.74)
under null hypothesis;
{iv) garoup E; right-enole: test statistic = 22, distributed as
Bid5, 4,7<) undcory rall bLyiott o iog
(v T N Yoo tent eintoictic = 4,71, distributed

group f v ogrous
e

2

4

e
G ey na1 BTt
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(vi) group A vs group B; right-angle: test statistic = 4.92,
distributed as x2 under null hypothesis;
1

(vii) group A:; right-angle vs rear-end: test statistic = 48.29,
distributed as y¢ under rull hypothesis;
1
{viii) group B; right-angle vs rear-end: test statistic = 54.3,

distributed as x2 under null hypothesis;
1
(ix) both groups; right-angle vs rear-end: test statistic = 147.9,
distributed as xz under null hypothesis.
1
Conclusions were therefore:
(a} Both group A and B signals caused a significant decrease {at 1%) in
the number of right-angle accidents but not in the numper of rear-

end accidents.

(b) There was a significant difference in the effect of group & and B
signals on both rear-end and right-angle accident numbers {at 5%}.

{c}) For groups A and B individually and together there was a significant
change in the proportion of right-angle and rear-end accidents.

4.3.7 Accident Severity

Using the tests described in Sections 3.3.2, 3.4.3 and 3.5, the following
results were obtained:

(i) group A; P.D.0O.: test statistic = 114, distributed as N(144,B49)
under null hypothcsis;

(1i} group A; injury plus fatal: test statistic = 2, distributed as
N(17.5, 2.956) under null hypothesis;

(iii) group B; P.D.0.: test statistic = 51, distributed as N(71l, 5.96)
under null hyvpothesis;

{iv} group B; injury plus fatal: test statistic = 9, distributed as
N{l4, 2.,&L) under null hypcthesis;

(v) group A vs grouvp B;  test statistic = 0.53, distributed as Xz
under null hypothesis; 1

{(vi) group A; injury plus fatal vs F.D.0O.: test statistic = 0.326,
distributed as xi wider null hypothesis;
1
{vii) group A; injury plus fatal vs P.D.0O.: test statistic = 2.51,
distributed as x2 under null hypotheasis;
1
{(viii} oroup E; injury plus fatal vs P.D.O.: test statistic = 0.15,
distributed as xg under null nypothesis;
1
{(ix) group A and B; injury plus fatal vs P.D.O.: test statistic = 2.27,

distributed as y< wider ruil hypothecis.
1



Conclusions were therefore that:

{(a) Both group A and B projects caused significant (at 1%) decreases
in hoth P.D.0. and injury plus fatal accident categories.

{b} There was no sigrpificant differerce bstween these effects of
group & and B projects.

(c) For groups A and B individually and together there was no significant
change in the relative proportion of injury (including fatal) and
P.D.0. accidents.

4.4 CONTROL

The control group used for secular trends was an cverall one. Scaling
factors were based on the slope of the lines through the origin relating
the nunbers of accidents in two separate years, Taking 1975 as the

base year the factors for metropolitan Adelaide intersections were:

Year Scaling Factor
1974 0.828
1975 1.000
1976 1.016
1977 1.010

The need for uzing a control group for secular trends may be gauged from

the very noticeable change in reported accident numbers between 1974

and 1975. These factors were calculated from samples which comprised
approximately 10,000 accidents, giving a standard error for the scaling
factors of 0.015. The facrtors for 1976 and 1977 are, therefore, not
significantly different from 1 but the factor for 1974 is very significantly
different from cne.

The reason for a difference such as this deserves further investigation

in the main study but is not relevant to the trial analysis reported in
this Chapter. In particuiar, a&s well as a genuine reduction in the

number of accidents, this change may have been caused by a change in the
proportion of accidents reported. This could occur as a result of changes
in adwinistirative procedures, penalties impse=d etc.  For example,
intreduction of compulsory breath tests could make drivers less inclined
to report accidents in some cases. Ancther facter worth investigation
would ko the effects of seat balis.

To accowst for the effect of changes in site exposure, factors were
calculated using the flow data of Table 4.2 for 1974 angd 1977. The valwves
V. and V_ to be used in the exposure calculation were determined by taking
t%e mean of the two-way AADT values aprlicalle to cprosite legs of the
intersection.
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For example, at intersection 1251507210 {(ref. Tab 4.1) the values for
Vv, and Vv_ in 1974 were calculated as:

1 2
Vl = (22500 + 23200})/2 = 23200
V2 = 8700

and the site exposure was determined as:

E = k (23200 x 87OO)H

= 14207k, k a constant
Finally, Tzble 4.4 shows, for each site for which data were avallable,
the total numbers of accidents, the scaling factors for secular trends,
the scaling factors for changes in exposure (cbtained by dividing after-
exposure by before-exposure} and the numbers of accidents modified in
accordance with both sets of scaling factors.

4.5 ANALYSIS OF CHANGES IN SCALED ACCIDENT NUMBERS

4.5.1 Overall Change
All Projects

Using the test described in Section 3.3.2, the possibility of an overall
. reduction in scaled accident nunbers was determined, as follows:

(i)  Secaled for secular change only

The test statistic is Eni = 141.8, distributed as N (216.4, 7.36) under
the null hypothesis and iS5 to be compared with:

207.0 for o
195.3 for @ = 0.0l

1.10

{ii)  Sculed for secular and exposure change

The test statistic is Eni = 151,11, distributed as N (221.1, 10.51)
under the null hypothesis &nd is to be compared with:

207.6 for n 0.10

126.7 for a 0.01

In baoth cases, therefore, thers is indicated a significant reduction in
acclcent numbers at the 1% level of significance.

Category A Projects

(1)  Seaied for scewlar change only

The test statistic is Zni = 100.8, distributed as H (150.4, 8.67) under the
null hypotlirzis end is o be venpozrad with:

139.3 for o« 0.10

130.3 ior @ 0.01
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TABLE 4.3: TRAFFIC FLOW DATA (TWO-WAY AADT) FOR INTERSECTIONS SHOWN IN

TABLE &.1
Year(a)
Site and
Code (c) 1974 1876 1977 (b)
Brighton Rd 22500(S8) 23900(N) 25700(8) 25700(W) 22850
Jetty Rd 8700(W) 8550(w) 6130
1251507210
Adam St 7000 (W)  15620(E) 7200(W) 15800(E) 14500
Manten St 12500(5) 3G5G(N) 13200(S) 5000(%) 8000
114107000
Chandlers Hill Rd 5400 7400 _ 6000
Main South Rd 45500(5) 50000(K) 53200(8) 55CG0(N) 53000
1172016020
Main South Rd 47000(S) 470001 55000(s) 50000(N) 53550
Majors Rd 4700 8200 6800
1172016000
. 7800(E1) 9100(E1)
David Terrace 10000 (W) 8700(E2) 10800{W) 4700 (E2) 7300
Torrens Rd 19900(Ss) 26700(N) 19800(5) 24D0(N) 19700
1165818010
Goodwood Rd 30200(S) 30700(N) 2800(5) 3100000) 30800
Grange Rd 5000(E) 3300(W) 3800(E) 2850 (W) 4500
1901626000
Bridge Rd 11800(8) 17500(N) 13700(s) 20000¢N) 14600
Montague R4 12500(E) 5600(W) 3300(E) 6500(W) 2050

1420655C00

Notes:  (a) Letter In parentheses indicates leg (compass point) of intersection

for which flow value applies.

{b) Yor 1977, flow values are means of N plus § and E plus W values
respectively.

{c) Flow data not available for intersections 1221808000 and 1150514750,



TARLE 4.4:

Scaled accident data for new traffic signals in metropolitan Adelaide:

1975/76 Program

Total accidents

Total accidents

|
i . .
' . Total Relative Relative Tota% accidents adjusted for adjusted for
lirroject Code Year ) Secular adjusted for .
1 Accidents Exposure{a) change in exposure and
- Change (b) secular change
f exposure secular change
i
[
Group A
!
! Q. 700 . . -3 .
1261507210 1977 17 1.010 13.9 24 is.9
I 1974 24 1.000 0.828 24.0 24.0 24.0
! 1977 18 1.320 1.010 14.8 13.6 11.2
114107000 1974 90 1.000 0.828 90.0 90.0 90.0
1977 12 1.233 1.010 5.8 9.7 8.0
7201
1172016020 1974 7 1.000 0.828 7.0 7.0 7.0
1977 25 1.648 1.010 20.5 15.2 12.4
20
1372016000 1974 28 1.000 0.828 28.0 28.0 2B.0
1977 51 0.699 1.010 41.8 73.0 59.8
11508
1160218010 1974 51 1.000 0.828 51.0 51.0 51.0
Sub-total 1977 123 - - 100.8 135.8 111.3
Growu: A 1974 200 - - 200.0 200.0 200.0
“roun B
1977 20 1,059 1.010 21.3 24.6 20.1
olf2 -
105162600 1974 61 1. 000 0.828 61.0 61.0 61.0
1977 24 0,997 1.010 19,7 24.1 18.7
r.GE
1420655000 1974 30 1.000 0.828 30.0 30.0 30.0
Sub-total 1977 50 - - 41.0 48.7 39.8
Sroup B 1974 91 - - 91.0 91.0 91,0
TOTAL ALL 1877 173 - - 141.8 1B4.5 151.1
GROUPS 1974 291 - - 291.0 291.0 221.0

Notes: {a)

[§=)

Normalised with respect to 1974 year

Sce Section 6.2.3 for detajls

"zl

P . ps Ty S S

e i —————————
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{(ii) Secaled for both secular and exposure change

The test sta*tistic is ni = 111.3, distributed as N (155.7, 8.82) under
the null hypothesis and Is to be compared with:

1l44.4 for o
136.0 for o

0.10
0.01

In both cases, therefore, there is indicated a significant reduction
in accident numbers at the 1% level of significance.

Category B Proijects

(1) Scaled for secular change only

The test statistic is Zn = 41.0, distributed as N(66.0, 5.74) under
the null hypothesis and is to be compared w1th

58.6 for o = 0.10
52.7 for a = (.01

(ii1) Sealed for both secular and exposure change

The test statistic is Eni = 39.8, distributed as N (65.4, 5,72) under
the null hypothesis and is to be compared withs:

58.1 for o
52.6 for o

0.10
0.01

In both cases, therefore, there is indicated a significant reduction in
accident numbers at the 1% level of significance.

Comparison Between Groups A and B

Using the test described in Section 2.4.3, the possibility of a difference
in the effect of groups » and B was investigated, as follows:

(i) Secaled for secular change only

We have:
m = 2
Nl = 300.8
n, = l00.8
2 = 132.0
n, = 41.0

The valus of the test statistic is 0.24, distributed as X2 under the null
hypothesis and is to be compared with: 1

I

2.71 for o 0.1C

C.63 for ¢ = Q.10
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(ii) Secaled for both secular and exposure change

We have:
m = 2
Nl = 311.3
nl = 111.3
N2 = 130.8
n2 = 3o.8 .

The value of the test statistic is 1.16, distributed as x under the null \
hypothesis and is to be compared with:

2.71 for o= 0.10
6.63 for ¢ = 0.01

In both cases, therefore, there is indicated no significant difference
between the effectiveness of the two groups A and B of projects.

4.5.3 Differences within Group A £

The test described in Section 3.4.2 was used to determine the possibility of
of different degrees of effectiveness for the various sites in Group A.

(i) Scaled for secular charges only

We have: .
k; = _0.556
k; = 0.163
k; = 1.228
k; = 0.707
k; = 0.804
Ver (ki) = 0.038
var (k;) = 0.002
var (k;) = 0.48
Var (k;) = {.045
var (ic_;) = 0.029
w, = 0.045
w, = 0.855
w = 0.003¢
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= (0.038
Y4
W = 0.05%%
5
Therefore:
k* = 0.243

The value of the test statistic is 23.4, distributed as x under the
null hypothesis, and is to be compared with:

7.78 for ¢
13.28 for ©

0.10
0.01

(ii) Sealed for both secular and expocure chamgzs

We have:

k. = 0.79

:
k2 = 0,123
k; = D,000
k; = {.428
k; = 1.150
var (k;} = 0.63
Var (k;) = 0,0016
Var (k;) = 0.350
Vir (k;) = 0,23
var (k) = 0.50
W, o= 0.022
w2 = 0,884
w3 = 0.004
wd = 0.061
WS = 0.028
Therefore:

k* = (.189
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The wvalue of the test statistic is 31.4, distributed as x under the
null hypothesis, and is to be compared with:

7.78 for a = 0.10
12,28 for a = 0.01

In both cases, therefore, there is a very significant variation in
effectiveness at different sites in Group A.

4,5.4 Differences within Group B

The test described in Section 3.4.2 was used to determine the possibility
of different degrees of effectiveness for the various sites in Group B.

(i) Scaled for secular changes only

We haver
1
kl = 0.345
1
k2 = [0.635
1
Var (k.} = 0.0077
Var (k) = 0.03
) 824
= .82
Yy
= .17
w2 4} 6

»

and k = 0.396

The value of the test statistic is 1.92, distributed as x under the
null hypothesis and is to be compared with:

2.706 for o
6,635 for a

Il

0.10
0.01

il

(ii) Sealed for both secular and exposure changes

We have:
L]
= .324
kl 0
1
k = 0.635
2
L]
var (kl) = {0.0072
1]
var {kz) = 0.030
wl = 0.B33
w = 0.10G%

and k EE S R
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The value of the test statistic is 2.24, distributed as x under the
null hypothesis and is to be compared with:

Il

0.10
0.01

2.706 for a
6.635 for o

In both cases, therefeore, there is no significant difference in
effectiveness at different sites in Group B.

4.5.5 Type of Accident and Accident Severity

Exposure data will generally not be able to be cbtained to allow a
corresponding analysis of accident type or severity in terms of scaled
accident numbers. Factors reflecting secular change for different tvpes
and severity of accident were not able to be obtained in time for the
analysis to be undertaken. These latter factors are expected to be
available for the main study.

4.6 CORCLUSION

In this Chapter, we have demonstrated the application of techniques
developed in Chapter 3, for the analysis of the effectiveness of MITERS-
type projects. It has been shown that those techniques are both
appropriate and werkable  and thereby suitable for use in the evaluation
phase of the study. '

The demonstration itself yielded some interesting results:

(1) The particular signalization projects analysed were, as a whole
effective in reducing both overall accident numbers and
accident rates.

(ii) Projects involving channelisation were equally as effective
as those not invelving channelisation in reducing both overall
accident numbers and accident rates,

(iii) For projects not involving channelisation, the effectiveness in
reducing both accident numbers and accident rate varied
significantly according to the site of installation.

{iv) Both types of projects caused a significant decrease i1 the
number of right-angle accidents but not in the number of rear
end accildents.

(v} Projects not involving channelisation caused a significant
' increase in the number of rear end accidents.

(vi) Both types of projects were equally effective in reducing both
P.D.0, and injury {including fatal) accidents.



ANNEX
RELIABILITY OF S.A. DATA BASE

INTRODUCTION

In this Annex, we describe a brief investigation conducted using accident
data extracted from the South Australia data base. The investigation
was undertaken to determine the reliability of the data base.

We first develop a theoretical argument to determine characteristics
which should be shown by the data, given certain plausible assumptions,
then check the behavicur of actual data against these theoretical
expectations.

Expected Behaviour of Accident Data

It is widely accepted that accident numbers generally follow a Poisson
distribution. Suppose we assume that the distribution of the number of
accidents at site i in each of two successive periods is Poisson and
independent, with an expectation of Al in the first period and Ao = cly
in the second period. We then plot the accident records on a scatter
diagram as points (n_ ,, n,.}, where n,. and n_, are the observed accident
numbers at site 1 for the” first and Lsecond 1periods respectively.

It is easy to show that the various plotted points would be distributed
about a line of slope ¢ with standard error vc(l+c)i, .

. 1f, however, the variables are transformed to X, = vn. and x. = fﬁ;
-and the points (X, x2) plotted, it can be showhl that“these ~points
would be dis ibu%ed Sfround a line of slope c with a standard error of
0.707 (i.e. 3)- This is in fact, an asymptotic result. To show that
it is a good approximation for even small values of A, Table 1 gives
the exact result for integral values of Al up to 30.

4.2.2 Comparison of S.A. Datz with Expected Behaviour

In the above discussion, we have predicted the scatter which would occur
when accident numbers in one period were plotted against accident
numbers in another period. More precisely, we predicted that if the
square roots of the numbers of accidents were plotted then the points
representing sites should be scattered around a line with a standard
error of *=

To test this with actual data, the accident records for the period 1972-
1977 for all intersections within retropolitan Adelaide where there were

at leest four accidents in any year were obtained from the South Australian
Highways Department. These reccords contained informaticon on accident

types and severity. Full destails of the records obtained are given in
Figure 1.

Accident records for Scuth Australia are currently held in a seguential
file for each year sorted on the location code. All the files obtaired
except for the 1973 file were in this format. However, there were scome
sequencing errors in the 1873 file which may hava created iuncorplete
records for some sites and so 1973 data at these sites were not used.

In fzct, cozplete records for the period 1972-1977 were obtzined at 484
sites within the metropolitan area and records for some years within this
period were cbtained for some cther sites.
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TABLE 1: Exact standard error for regression of x, on x; where x., X
are derived from Poisson variables with means J) and ), = ¢}

respectively.
A E (le std Err
1 0.773 _ 0.897
2 1.269 0.883
3 1.631 0.825
4 1.922 D.782
5 2.171 0.756
6 2.392 0.742
7 2.594 0.734
8 2.781 0.729
9 2.95%6 0.725
10 2.121 0.723
11 3.277 0.721
12 3.427 G.720
13 3.510 . 0.719
14 3.707 0.718
15 3.840 . 0.717
l6 3.968 0.716
17 4.092 0.716
18 4,212 0.715
19 4.330 0.715
20 . 4.446 0.714
21 ' 4.555 ) 0.714
22 4.663 0.714
23 4.769 0.713
24 4.873 0.713
25 4.975 0.713
26 5.074 0.712
27 5.172 0.712
28 5.267 0.712
29 5.362 0.712
30 5.454 0.712

Using yearly periods calculation of the standard error for a regression
of the sguare roots of accident numbers in successive years was carried
out for years from 1972 to 1977. The data are shown graphically in
Figures 2 to 9. The details of these tests are given in Table 2.
Summarising these results, however, the data for the period 1974 to 1977
appear to behave as expected. Indeed, the chserved scatter was almost
egqual to that predicted.

however, the scatter of 1973 data when plotted against 1972 or 1974 data
(see Pigures B and 9) was far greater than for the other comparisons,
thereby throwing considerable doubt on the reliability of 1973 data.
These results together with seguence errors mentioned akove which were
detected when the 1973 file was read, suggest that there were some
omissions in the original 1973 data file.
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From the analysis of South Rustralian accident data described above, we may
conclude that these data are generally sufficiently reliable except for
that data relating to 1973.

Figure 1: Format of Tapes Supplied by S.A. Highways Department

A. One sequential file was gencrated for each year from 1972 to 1977 with
the following information.

Record layout:

FIELDS

1. Location Code (segquence)

2. Intersection Type

3. FRoad Controls (Medians, signs painted on road, etc.)}

4. Erected Controls (Signals, etc.)

5. Number
6. Number
7. HNumber
8. Number
9. Kumber
10. Number
11. Number
12. Number
13. Number

of
of
of
of
of
of
of
of
of

accidents

Head-on (including side swipe - opposite directions)
Rear-end

side-swipe {same direction)

Right angle )
Other -
Property damage only accidents

Injury accidents (excluding fatal accidents)

Fatal accidents

The total of Fields 6 - 10 is the same as Field 5.

The total of Fields 11 - 13 is the same as Field 5.

B. One sequential file containing records relating locatieon codes and
location fields.

1. Iocation code {seguence)

2. Location description

Further detailed information about coding of these fields wmay bz obtained
from S.h. Highways Department manwal RMLTE, In Aceident Eetrieval Library.




Bl.
Figure 2 Plot of Actual Numbers of Accidents at 729 South Australian

Sites; 1977 vs 1976
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B2.

Figure 3 Plot of Actual Numbers of Accidents at 653 Soutl Australian
Sites 1976 vs 1975
ACTUAL COUNTS
1976
a 30 60 g9 120 150
IO...I'...I”'.I."lI.D'.I.OO!lO..OIOO'.IQQOOIOO'II
T4~ J$C2Nk
« USB75%
o MEXENOEX
¢« ZRISSE2¥ X
» 20BATHKKX X
14 ~ %45054 %2
¢ X22756432 X
e X322242%
. J224 &¥%2
. 2 %22% *
" 24 - 22 5354 X Xk
. 2%32 %
. ¥k IX X
N xAxX
. X ¥ 2XX% X
34 - ¥2% X X ¥
' . X * Kk
’ X X X X
. ¥ ¥ X%
. 2 % *
44° - LS S
. xon * X,
. L 3 S G
' 2 *X
. X LEGEND
54 -~ L 4
. % ® 1 data point
. e 2 2 data points
. X
64 - % p
. X xk * .
. 9 9 data points
. A 10 data points:
74 - *
' zZ 35 data points
84 Lt § more than 35 data points
. X -
+ *
54 -
' SEMPLE SIZE 653
1ngd -

1"."1‘[!.r|1OQI.Ti!'1]Atll.I.IO'.{

llhtl

lli!.']"l’.I




83.
Figure 4 : Plot of Actual Numbers of Accidents at 649 South Australian

Sites; 1977 vs 1976
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Figure 5 : Plot of Square Root of Accident Numbers at 649 South Australian
Sites: 1977 vs 1976
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Fipure §

Sites: 31976 vs 1975
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Plot of Square Root of Accident Numberc ~i 729 Scuth Australian ‘
1975 vs 1974 |

Figure 7. .:
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Figure . 8 ': Plot of Square Root of Accident Numbers at 261 South Australian

Sites: 1974 vs 1973
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9 : Plot of Square Root of Accident Numbers at 253 South Australian

Sites; 1973 vs 1972
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CUHLE 7 Fasults of Tests of S5.A. Data
Dep Indep Dep Indep Dep Indep Dep Indep Dep Indep
1977 vs 1976 1976 vs 1975 1975 vs 1974 1974 vs 1973 1973 vs 1972
“1iAT, Genoral  Slope 0.958  (.017) .943 (0.017) 0.758  (0.016) 1.273 (0.025) 0.687  (0.024)
T bine Intercapt 1.29 (0.33) 1.04 {0.33) 1.98 (9.31) 3.47 (0.55) 4.81 (0.58)
= Standard error  5.785 5,837 5.424 10.407 9.953
Line Slope 1.006  (0.Gl5) 0.984  (0.015) 0.828  (0.0l4) 1.421 (0.023)  0.942  {0.023)
TREDIN . Spandard error  5.850 5,875 5.598 10.655 10. 362
IrLain
‘&, )General  Slope 0.930  (7.019) 0.912 {0.019)  0.793 (0.018)  1.035 (0.03) 0.635  (0.03)
Line Intarcent 0.31 (9.07) 0.32 (0.07) 0.54 (0.07) 0.66 (0.12) 1.291  (C.13)
Standard error 0.683 0.673 0.641 1.040 1.105
Line Slope 1.008  (0.017) 0.993  {(0.018) 0.930  (0.017) 1.209 (0.03) 0.983  (0.03)
Throuth oo 331 error  0.693 0.698 0.676 1.066 1.185
Origin
SAUPLE 5EZE 549 653 729 261 253

tloke:

Standard errors of estimates shown in brackets.
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CHAPTER 5
SUMMARY AND FINAL REMARKS

The aim of the study described in this report was to determine the
feasibility of an evaluation of the effecliveness of MITERS-type projects
in Australia. ’

A review was made (Chapter 2) of the data available in each State relating
to:

. accidents
. MITERS-type projects

. exposare (traffic flows)

It was concluded that only in South Eustralia and Western Australia are
the accident data bases in a suitable form for immediate evaluation,
The MNew South Wales accident data base would also be suitable, if some
largely manual work were carried out to improve the location coding of
recorded accidents.

The number of different projects in South Australia and Western
Austraiia able to be used in an evaluation is relatively limited. For
many i ,es of projects 11 nuber of accidents recorded is simply too
iow to allow meaningful statistical tests to be made. Nonetheless,

" projects which will yield to evaluction do account for most of the
expenditure of these States on MITERS-type improvements.

Exposure data is available in South Australia and Western Australia in

the form of BAADT's. These traffic estimates are not as accurate, nor

as relevant as would be desired, .but they will allow the effect of changes
in accident exposure to be incorporated in the evaluation.

The statistical tests proposed {(Chapter 3) for use in the evaluation
study follow feirly standard procedures. The proposcd method involves

a before-and-after type of appre=ch, and the tests aim at deteclting
differences hetvwesn cooidfant occurrence before and after inplementation
of projects. &application of the tests was demonstrated in a trial
analvsis {Chapter 4) of some South Australia projects. These were
intersection signal installations for the year 1975/76. Time available
did not allew a complete evaluation tc be undertaken (that is, using all
the technigues descriced in Chapter 4) but it is clear that veluakle
information concerning project effectiveness will be able to be gained
from a complete evaluation of suitable MITERS projects in South Australia
and Western Australia.

The suggested tasks and timing of this eveluation study are given in the
Surmary report.
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