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PREFACE 

This Technical rPP3r-t d~scribes the sl2.j. design for the evaluation of 
the road safety effecYivfzess of rir5r trcffic enqineeri7"j end road 
safety projects underteken in L.>St.?-?lj.?. Th?S,t projrct: bre of the type 
which would be ciigi'lle for Comxr.i?ec-ith :cl:l<,ing uniir thc teirr,s of the 
MITERS progr&r,; the prosran being a eiscrete part of the .?cads GIW?:~~. 
Act, 1974 and tF.e Ftnte G~;>its f'.Zoai,?-/ Act is?? which tcqether halve 
provici.?d funds to lfie States for expenditure on road projects for the 
six year pricd 19721'75 to 1?79/60 inclusive. 

In this re;z.;-k, a review is firstly mace of sources of ?E:.+ c-q~:ilable on 
zzcide?ts, traffiz f1ci:s ar.d i)zcj~;c:s i??.,r,lrnf;rt ,c< in tkc Ztktes of 
Australia. It is cc:.c;u~sl that i;?e major data conetraint relates to 
acci2ent data, E?? t:-tat Sc::th Austrzlia a?:! '&stern Australia are 
presently the @ply States with nzcicent clata bases of sLZflcient quality 
to enable corr.Erehensive statistical evaluation of the effectiveness of 
projects. 

statistical ncthods are thcn clevelosed and recommended for the evaluation 
phase, b3sed on the _~rinci?les of t>e before-an:-after study. Care is 
given to resolution of prc;llems arising irom : 

. changes in site exposure 

changes in secG1zi- trends of Gccidents 

seasonal factors. 

Lastly, a triil enzlysis is coP.,?.Jctc?d for some Sort!i >:.:sEra;ia siqnali- 
sation projects u.?;,sutaken in Adelaide in 1975/76. The feasibility of the 
prcposd m&:!:!io.ls i.5 tY:~)-eL,r cii-oi.~ti-3te3 c.r.2 ,sc:s p:-i.! L:.izs-:y :.:cults are 
rsthblisheG cc::~~. Y.3 ti;e s3Cc??'j. , ~ I  Zki\,-.zlF>. @f tks? F?>;Ec?.q. _ _  
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CHAPTER 1 
I K TRODilCTI 0i.l 

__ ~~ ~. . -__ 
~~~ .~ 

1.1 BhCKG3O'J:D 

This report describes the study design phase of a yoject to evaluate the 
effecticeness of f,:I?L?s-tyiis pxojects in i.ustrdia . 1.:1';ERS-type projects 
are those roa2 safety projects which would qalify for Cslmiinwehlth fun- 
ding under Lt,e ttr;,,s of thz KITEW ~ r o g r ~ ~ . '  
discrete pa-t of '~hf: .?:,c~s Gi~r~mts ,4zt 1474 znr2 the St~tu Gpcvts 
Act 2277 which tu2c;her hz1.e prc.i.iSed fur!?s t.o the States for expenditure 
on rnaj projects for the six j'r.hr per-iocl 1374/75 to 1973/aO ir.clusive. 

Typical of MIPERS-type projecCs ere : 

Th.3 N:Z?S program is d 
( R ~ ~ d S l  

3 

( f )  



2. 

The purpcses cf the zt;iy deziq" phase of thc stilc!;r reported here Were : 

to assess tb.e feasibility of ev.-.lur,tino the safety 
efiective:iesr, of KI?rRS-type p r c , j i c i ~ ;  

if t),e feasibility CC.J?? be establisted, to &vel02 
ir m,~thod for ar: er-clmtion stuciy; 

to r'.,-aw 122 a !cor): p o 2 1 - m  for sucn XI ev&lu$tion study. 

This report contains a description of the is5essme.r.t Of feasibility, 
together with detai.ls of tl:c ?.ca?P?L-t?r:de? _r.x,cri~ires for an evalLation 
study, and a cle;no:t=tratiG:l 6: -liz ?;?iicatisn of t I;e reco:rmer.&?d method. 

The report is strucLirid in four main cha2ters which are briefly described 
below : 

Chaptrr 

2 Data requirements and availability - A review and discussion of 
tile su,arci-s of dhta on accidints, trafiic floxs an? projects 
k>?m!e?ted ir: tF,.e States of Amtziiliil. 

assescirg the effectiveness ~f roa; safety . 
by the development and prrsCi.i5tic:, cE a statistical metiiodology 
proposed for the evzlcation yhase of the study. 
divided into =;io prrts; a verbir: discussion followez by an mnex 
with Retails of statistical ane mathematical principles. 

Trial Analysis - A demonstration, using South Australia data, 
oC the statiszicil r:zJL303s 2ropoced in the preceding Chapter. 
??.e feasibility of the r,t.t?~o?.~- is deronstrated, and some 
preliminary results are shorn ccnctrning the safety effective- 
rLess of SOT,? traffic-signal Ln-taliaticns in hclsl?.i?.e. 

The chapter is 



CLAPTER 2 

DATA REQUI REMEKTS AND AVA J LAB I LITY 

2.1 INTRODUCTION 

There are three main classes of data req'dired fcr the evaluation of road 
safety projects : 

accident data 

. exposure (traffic flow) data 

. project dssciiption &ta 

In this chapter we review, for edch State in turn, the useability of 
each clzss of hta. 

2.2 ACCIDENT DhTA 

2.2.1 Introduction and Sm!.ary 
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2.2.2 Reporting and Re;ording of Accidents 

TaSle 2.1 shows current legal requirenents for reporting of road traffic 
accidents to police in Australian States. The table demonstrates the 
variktion which exist. bctxeer. States in such req3irements. Most States 
try ts c--xcl-:e the lcast serious accidents from their records 2r.d all have 
regulations to the effect that property-damage-only a,?cidents 1-csulting in 
damge less than a mir.imun m,ount nee? riot be repxted. This minimum 
amxnt varies frox State to State. For example, in Tasmania no accident 
which is of a property-dacage-only (P.U.0.) nature is required to be 
reprte3, whereas in N.S.W. all accizents .xk:ich result in either personal 
injury or property damage exceeding $300 ;..715t be reported. 

In every State, the ability of drivers in::olved in an accident to estimate 
the cost of damage must be suspect, as in?eed must be their compliance with 
reprting recuireaents should their estimate be above the m i n i m  value. 
Further, the rapidly escalatino costs of repairs me:ans that this cut-off 
point is continually changing in terns of real 2.a3age. The n"_t rer-lt is 
that riot or-ly da States eiffer in their reporting requirements, but the 
proprtion of P.D.O. accirimtz reported within iniividual States is probaSly 
decreasing year by year. 

Within each State, too, the distinction between a casualty or non-casualty 
~rcider~t is srS3ect to come uncertainty. In every Stste of .<>stralia, a 
i-Gsc1 acciimt fatality is deiir.ed to ocar when any person is killed out- 
right or dies w.i.thin 30 days as the result of an accizent. U;csv??-, the 
police assesr ,t of the existclice of inj.xic forms t!ie basis of tI,,i classi- 
ficziion of sericus, minor, or :.L i~~juries. While police reporting of road 
accident aeaths is prohiliy iail;p relieble, there i , , q  still be a large sub- 
jective element inherent in the determination of injury type. 

m e  repcrting of accidents by accident type (e.g. right angle, rear end, 
etc.) is more accurate, There can, however, be considerable c?elay between 
the actual accident and the filling out of the relevant form and this may 
result in the recordin2 of incorrect information. In addition police may 
rcly heavily on tile often conilicting repo?-ts of those involr,ed in the 
accident, and a proportion of accidents c.q not be attended by police at all. 
E3g1e)12 inst;ll.cts the rjse of South Aus:?-ali?.; x!.~?rr jn 1071, 43P of t.otal 
xeportkd czsuslcy acciciiiits were riot attrllicd L). p>lict. 

Table 2.2 shoTds the Ijrirtice of each State in +ecnr?ing into its date base 
&tails of en accizent which has been reF3rted. 
betmen States is apTa7mt. 

It is clear thnt In re it 05 bstk repxtir.g ~7.2 recs:-<i::.? cf +@ad 
accidents, the States differ sufficiently in t k  i-r.t+r,t thit a cor.iIete 
cor,;trst?.Te (i.e. b~tb!~:.:~. Ct2:trs) e.:=.lEl:ion @i ti,e effectiveness ci I.:ITERS- 
t y w  projeits (i.e. ar. 2v:I.a~ti~z LS:X~ !xtk F.rj.C!. 2r.d casuclty ecciienr 
i;tii+) 15. i i ~ i  ;.ussitlt. F.o:i;vir, ?r~.~.iLi; -: L * . ~ _  -.~ t:?:: c;.ta L;;E'.E arc cti+n<ise 
suitzllr, r?t.:~-c. sex15 no iyIy?ine?t to con:?ilccliig inter:.ti.:r' comparisons 
using casual;). acci<erJt 2272. 

1 

Again, the variation 
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TABLE 2.1: L.ega1 Rsqcire~~cnLs for Fu?..d Trrffic r(c?orting in A,~~tralian 

States 

State Road Traffic Accidents Xequired to hr :m.?~r??d to Police 

N:sw Scuth h'ales (a) AI 1 ;#.<;dents jxclving prr5or.al injury 
All Accidents r:'nere aggregate property damge 
exceeds $300. ($50 prior to Jrly 1Yi7) 

(b) 

Victoria (a) All acciiilnts ir..:alving persx.21 injury 

(b) AI1 aciidciits r~here thrre is :,1,2?&r:y ?amage 
OK ar- animal is injured end the ohmer or 
owner's representative is not present(since 1970) 

SouLh Australia (a) A l l  accidints ji;\v-:ving persoxl injury and/or 
injury to an anha1 

(b) All accidents vhsre a:,gregste property damage 
exceeds $100 ($53 p i o r  tc i07S) 
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TACLE 2.2: I’raccice for Road Traffic hccidcnt kCOTdin& in Australian States 

state E3.d Traffic Accldents Recorded 

New South liales Reported acci6tiits involving injury or where at least 
one vel!icle rt::’~.ired tovine aicay (a- reported acci- 
de!:ts piior to July 1975) 

Victoria 

Queenslznd 

A11 rfported accidents involvinz injury and scme 
rrpurti.d P.D.O. accidents (a) where FIX exceeds $100 
or arA ir,jxy is sustained 

All reported accidmts 

South Australia All reported accidents for xhich location is 
pc5,itivcly idfntified and PrrJ excfeiis $100 or an 
injsry is s-stai::c 3 

All rttp7rL~d accidrnts w1~:e ?DO E X C E E ~ S  $103 or an 
injury is sustained 

\;?stern A~iitr,~lia 

Tasmania All reported accidents 

(a) __ Xote: mainly those P.D.@. accidmts where police think litigation is 
likely. 

Source : Stzre rilild and trzlfic s.i.i?ty authorities. 



Within individ.331 States rcportir,g rsqcircments and recording practice 
do not in thenselves suggest that an Eval;istion 0: XITEFS-tpe project 
effectiveness Kill r,ot be possible. To csfifirm this ccr.clixicn, it is 
necessary to e:<cr.ine more closely the accident data h s e  r.3i:it~iir.ed by 
ebch State. 

2.2.3 N.S.W. Czta- 

The r:.S.',<. acci6ent data systcr: char.s;r_d sn?z,trT.tizlP,7 ciri 2,ly 1, 1975. 
Since that dzte more detailed data has bepr. held on recorded accidents, 
although the criterta for I-ecording acciderts have been nEim3e more strin- 
cent. The only crashes n~:w ~-tq>;rc-d to he recor2ed ir. ths cor,?uter data 
ksnk are those >:>.ere at If?%: on? x.;cl:icle :<eqL8'rcs tm<j:jg ri,.:ay or there 
is a repsrted casualty. Kiritten rcports are, Iiowux, still held on other 
report.ed accident?, and a E,znual coilnt of these would allox an estimate to 
be ma2e cf the ratio of regorted to recorzed accidents if Ch5.s were desired. 

Fuch effort is expncied by TAFJLi' to ensure t%it double rearcins dues not 
occur and that repcl-ting is consistent. T:le steps in hzh oi t; e 2irections 
zre considered as thorcugh as Fracticnlly possible, an6 that virtually the 
only errors in t k  data held are 2ce t.o i-r+ors in the orisinal police report 
which do rot CB'JSC inconsistencies. F r m  a practical paint of view, these 
errors must be accepted. Fortunately, they may be regal-ded as random errors 
an3 may bc alloued for statistically. FurthEr comentr on thi.s point are 
made in assesswnt of the S.A. data base. 

Within the data base, the data are held in the form of sequential files (on 
tape) covering ::-.ree month periois. The s~.-:~,'.:,.:iq is effecti-ely bjj time 
of arrival of thc report. TRFU dces have pro9rNns to re-sort the data in 
various ways an? re7ularly prcrluces printed reports. Unfortunately, these 
are not permanently held c:: t?p, although tl.;. >-rn;?ams r;sy be re-run to 
is&.ro2.icc thse rcscrts on tr?e for further rrrraxh on the data. The two 
1-eports that w w l d  be of most use in evaluation of MITERS-type projects are : 

1. Listing of accidents into each of : 
(a) 1h.ral Goverr,:c.r,t ; . ~ a  (nrsric) 
(b) T::G cr Si!LL:rb (al~i#.~.::ctic) 
(c) 5t:set I:xlE 
(6) Ty>e of Street 
(e1 Identifying Object " 

2. Listins of accidents on c1assi:i~Z .uxLon roSs sol-trc by : 

(a)  fait^ T:--t-r 
(b) Section I:-~LX 
( c )  "ate of i.:c<"cr,t 
(2) Tir,e or LZ; of accr:i-.t - .  .. 

Th:l~s Iztter listin? woul<] Frcvi?.? i .-c:.;. nt it:. L . 2 5 ~  fcr eva:.sz'ic.n of 
projects oi: classified urban rose??. !:3, ~, the :,?cttcrs er*: rxt firn 
S.L% ivi :. L oli s s7.z I ,J: t;~!p r 
cLI:cr infzrnstic? in the rrror??s ~ vo'xld > P  ?ec?s-ar!.. Nevertheless the 
ability tc iqi%jzlly sort into 5 x ~ i a n s  2r.. s ItZfict the *,,L".lk cE 7.21xal 

- 
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FOX ncn-clec;cified or country roadis, howver, the problm is not as 
simple. T~,E: identification of a location (StrcLt T ~ I T ~ ~ S  for exmple) 
er. r53orteC by tk,c atter:::r:r, pzliccman, n ~ y  not bc sir.p.ple. For example, 
.- ~, - .. . . ~ .  -.~- s.~z:~+.:~ cf 5:~-:rz:.ts on the Fizific ilighwzy it wds reported 
-, _:,c_ - - 2;. ::.: L;::.:, :L::-: i:. :*:.::<S. r?:l? 2,s i?znt:ficd. 

rn io surr:-.?:rist, it is jtliL.~~c.i .-i,i,t ti,? i:iti &v.:~;tli ir: 11.5.\). wculd 

. .  . .  

. .  

. .  . 

requirc narrual sor-ting aftcr initial cornsiter sortincj for use in the 
pro;joced evaluation. 
shojl? 'ne s:raiqhtiorw,ird. ! ipuliltic?. c.f Csts for other sites may be 
expensive in terms of professior:al tine and cw2uter resources. 

2.2.4 S C V J ~ ~  Austra1ie.n 3ata €,.?se 

The South >:stralicm accident data ~ Z E E  ha5 reci:i:ly been :c-org~,nis?-d. 
Within the metropolitan erea each intersection or liz:: hes a ur.iqne ten 
digit izentification c3ie. This co5e is so corstructed tlJzt whole s.&- 
sets cf locations wh:ch nay be of interest (sue!) as several adjoining 
sectio:.5 of a r.air. ro,:te) m;' be ezzil;. access€? as a ?roup. 

In rursl i r ~ a s  all razjs are Sivide? i:ito seztji!,s ezch of which has a 
unique code. This subdivision into sictisns is currently being refined 
to create smaller sections to h l l o ~  liner c1as;ificatioii of locations. 
All zccicient eats for the last ten yi.:-,rs is curre:Jtly h?ing sorted into 
on- largs sequ?atisl fiii- which wiil LE pzrr:dr.t.ntlg held on 6isc. This 
file will be se.o.icnct.6 firstly on locatioii co5e ard secclidly on date. 
This file could erisily bs ccr;.,crtcd into r rri!~v5cn ?ccess file which w3uld 
allow very rapid access to the ccxnplete accident r6cord 2t any given 
lcrctlz:~. c:z qroup of locacions. 

The Scuth Austi-alian systcn reqires the positive identification of the 
site of each reported accident before recording, and this is wortkly of 
com7ent. especially in view of the experiences of some users of data 
from other States were the reported location is sixply recorded. The 
S.A. f!iqhways Depnrtmant' ha5 been codiny sites regularly for nearly ten 
y x r s ,  a 3  dui?,; that p r i  hro-25 1izisoR Kith the police has built 
up milch J:m,,,:l~eq? of local 2.9 ccnve~tiucs, etc. It is now clairr."d 
tkst little 2iffiru:ty ;s c: :ltei-eZ i:: co25: of sites thouqh initially 
it nz.5 pzs1~16  any lrchlexs. 

The reczrr?s within t!ie file arc quiyz c,::~~?~?.. 2 1ikrh1-y of :r:ictio:s 
is maintaine? which allws ezsy ACESS to thc information within the file. 
Theoretically this infmra3:icn is av:il&le on line, thouch in pri.ctice 
2~'- to t h e  size of the azcisent file, rstrievsl is uciiillj, only cai-ried 
C:IL i,, L,aLLi,. 

Data r:z:ii?ulation for sites on main urban roads 

. .  

rrc,,il- -.-i-- - .. Co::s:dcr;hl* c;.:c' is zz-L:F!-' ir, c',!,: ,j --:.j - . : = '.'L ' r. -L..C.L.. U L  :~.'~Lvr.?z 
. .  e tF,st the ccCFng s5 zccjfi+:~.rs i is::<lAL i:.~ LT~~:. 

~ .~ - . .-~, 
i , L .  r.ot ,:.Z-L-~ rc-::-..:.< ..<t,:!' 
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The procedures cannot of course detect inaccnracies in thz original 
police reports tJlat form ths so1ircE of d@c.c--r8?s for the system. A recent 
report' has ccncluried that thesr errors CL.? zi;Iificb?k for- 1.23 accident 
reports. There seems no reason wl-~y these ir.accuracies ca:,not be asequh- 
tely treated statistically as rbr,C;o::N czrors. It is fit:i.rved that pro- 
perty-d~xice-only accident records form useful stetistical data despite 
the inaccuracies present in the corresponcinq reports. 

In s m m r y ,  the orp3nisation of the S.1. d.:ta >,se will allow the 
extraction of the ?ata necessary for an evdluation of rIITEm-type pro- 
jects. Discussions with Hi5qhwey Dc;.arti;.tnt officers confirm t h L  adequate 
data are available from the h t a  h s e  €r:z January 1972 onb.;ards. 

2.2.5 West Australian Data Base 

The W.A. accident data base has recently been upgraded. All sccizent 
reports from Jariuary 1976 onwards %ve been plscecl in a randcm access 
disc file '&icn is part of a larser data bzse. This lx-cer ?at5 k s e  
contains not only Ezzident recoils, but also, a~oncst @%cr. thi:,gs, 
informaticn on tr+:iic flows, road co:iCiticrls, rox? leyout an2 control 
de\iicfs (including installation and rr,air,tenance dates). The files con- 
taining these different classes of data are all keyed in a similar way 
alloh-ing easy cross reference. This allows on-line ac'cess to a full set 
of information for a selected site. Information on a whoie series of 
sites j 5  availaSle 
usiqe of ccmluter 7 . >E. 

In the W.A. h t a  base, f;ac:i loi~tiun is ~cfczrc? to by an cniciue code. 
The coding system is very similar to that employed in 5.A. It is based 
on the assicment of an unique nwber to each road, rather than by the 
use of ~?.p co-ordinates as in the Victorian system. The chief difference 
between the W.A. and S.A. s y s t m  is in the cdi?g of SFCween-intersection 
locations. In W.A. these are located by listing the distance from the 
startinq point of the road, rather than by division of the roads into 
sections (as in co'dntry S.A.) or by listing the tw@ enci-points of the link 
(as is doae in Adelaide). 

Frotlf:-s of ilentification iif reported accicsnt s; tcs c x  lzr,-ely ox7er- 
corre k,y i?c cx-ey+.,:ce ~.--- tuilt '22 I:. rc~~'..z~- c,:?rii' ?:=. ?:.-<l~.~ly, tirc,u.~-i 
regular operati@ns and the cse 05 the editing routines, the coded reports 
are made ccnsistent. These routines cover all the checks that are practi- 
cal. 

Jn suraary, ar iptsgrate? L ~ t z  his+ is ?..-illable in ;<.;,. \<;:ich mi:',-' ..L V€ll 
be taken as a bET,ch,ark for <ita orsanissticn. T:?? sy:ten  ill;.:^ -easy 
acsess tc. arry irsfGiTNation r ~ i i - 4  for in eval.datic:: 05 !.:TY:.:- 
jects. 

th little po3r&~air.~ effert ard sit:,: a mlnimun 
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As naps are redram or new maps hecone available the qrif: references 
of so7,e locations rr~y change. ??iile t.his ic.ci pcsc :,?cLlexs in 
o3taining a site history OYEZ z. L ~ j 3  ;.s?-iod, t!iose ai-e r,C)t insuperzble 
as pointers i.ave been place6 in the fiit. Hoh'evir, tF:e us? oi a 
rectanq-21ar grii r e a r , ~  that to ~ktain xcirient i5ta for fi >s:-ti~z~ldr 
locztion (e.g. an inters?-ction) , SPTC. ~ . a n u a l  s.=rt r:i,lnq is rcqbir?d. 
Furthcr, eazy access is I80-c ??..iilai;?lc tC) the hiri-cry 05 a %hole road 
or section of roac?, as with the S.A. os W.A. syst.??. 

In smary, the Victoiian ZaYa base is not consifwr,? suitable for use 
in the proposed evalua" L10;1. 

The TasnaniEr. Transpor-t Ccrr.is5ion cilr:~~it:y g'rc.cesse; rc.:,5 erci<cr.t 
data collected by the Tas-?ar.ia Folice ?nd rezol-ied on ?::it? C'I 

sive accident rcl-5-t for- Some 4,OCC acci<er4i reixrts z e  rcxci..:c< 
an2 proccssi6 a;i;.u+.lly. 

Tkt: aciident Eata aie nur;,orically C O ~ E ~  and key-c.Jnched on to cum.?uter 
cards, but only a liritcf mount of analysis (this being manual) is 
carried out. Ta Fi-e::.xe ?.:cident histories for s?esific sites or areas 
is understood to be tedious and tins conswing. 

Wnilst a stu?y' has recently been completed t6 design a cx7-1ter system 
for analysis and rey:ortirg of accident occurrence, irr,ple.m+nt+tlnn of 
the sysiem is not completcd. A further problem, in terms of the require- 
mints 0: t5e present stusy, is tliaL no corr,pleCe co6i.d road networ-i; is 
a-.vailable for Tasnania. Thus. if there are !sa?.) three road n m e s  at 
an intersection, there are three riifferent ?sirs of road names which 
could be used on an accicient rcpo:-t forn. Alternatively, the use Of 
'local' s:ri.et n&-,cs x2thes than 'official' ns_T?r. could cause confusion, 
particularly in rural areas. 
in New Scuth 1,:;ies. 

The Tas-zian data base is rAot considere3 suitable for IXZ in the 

The problem is similar to that existing 

FTOpSSSS CVC".-'' Lil L 1 C,? . 



2.2.5 Cc:~clrsion 
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2.3.4 Conclusion _ _ ~  

To evalGatE tt,e safety effectivenzrs of I.:?rz;iC-type projects, de-?rip- 
tions ire ~ c e S e d  of the projects thc;s:l;es. '71:. infc,r;-Nation re.?oired 
for each project includes : 

type En2 description 
special features 
costs 
location 
clate of comencrx.znt 
Cla'Lc of cza;l*etion 

The propcse? r.ethod of analysis (sre CI:apter 31 nay a?so rc-quj.re 
similar infor.ation for road engineering or traffic mafiayrrent work 
carried out near the location of partic.Giar f'.ITZI;S-type pi-ojxts. 

This section contains a brief discfis.sion for ::rsCern ;:dstl~r,ila End South 
Australia, of the availability of project description Sata. Subnissions 
for iun<ir,g of KITERS 2rojects under the terns of the S?ictGS k z t s  
( F G ~ ~ E )  Lzi 1??7 a33 tt,e earI;~r .?c.;L;s C;>z~.iz Lct ?.?i< r.iie to the 
Comnwealth each year by tnc States. The gE:icral forrat of the si&- 
i?:ssicns iS .?lx:vn in Figure 2.1. 

Tn-recticr. oi past submissic7,~ ma3e by S?Jth Asskrzli: z?.? \.:ertelrn 
Australia confims thrt these xi11 be ~e:'.~~zlPy suitnhle for ccilc-ction 
of most of the ixfomation specified above. In certain cases, further 
enquiry of roa? authcritics xi11 be necer-stry to estFllisn, for exm.?le, 
tte ~recise lccztion at w:hich projects were ir?kmmted, &:id t:re COSCS 
? r  -_ c . c v - - .  ~ .=-i,::j. i.:I F - : - ~ L i  ,r,a.luL ---> fox ir,pl. .;,ic: ;~..rjests. 

. .  12 tlx :?I 'Lo:..ing ssb-scztic,?s, m l e f  c::-:znts for ezzlr rjf :.~,.,t:: I,urtralia 
3716 I.:cisttrn k-stralia ale I-bze. 
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TAYLE 2.4 

Accidents per year (a) 
c 2  5 ual t:: Total 
-~~ 
____ __ 

20 

25 

55 

6 
- 
2 

3 

3 

32 

2 

1 

1 

1 

2 

1 

I 
27 

15: 

56 

3 
3 

20 

n.a. 

32 

55 

4 
- 

0 

7 

5 

12 

n.a. 

n.a. 

n.a. 

0 

4 

0 
1 

!? 

67 

n.2. 
- _ .  
I._. 

r..a. 

n.a. 

n.a. 

153 

237 

32 
- 
9 

44 

21 

92 

n.a. 

n.a. 

n.a. 

3 

8 

0 
3 - 

E! 
465 

n.a. 

n.n. 

n.a. 

n.a. 
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CHAPTER 3 
PROPOSED KETHODOLOGY FOR EVALUATI EIS THE EFFECTIVEPiESS 

CF I'iITERS-TYPE PKCJECTS 
- 
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1 In zi carlier resort , a rcviei; was rrmds of the four major types of 
.incntal design use,3 in ev~l.i.?:ions of roac! szfety effective?rss. 

1. Ihltivariate studies 
2. Single Fro's? c1 ,?,?.ii.s 
3. 
4. 

1.2 t ched g L .;hp I. t ili i e s 
Ex: :ore - an<- a ft i r I tud i e 6 

prjor to the dcv-lo~~ent of a specific stctlstical nethodoloyy to be 
::se2 in the e\;-l;:::ion ?%se of the preser,t study, etch of these asproaches 
'n6s Seen re-examirled to detemline its pote.r.tia1 ap;jlicability to NITERS- 
type projects. The conclusim v:?-'s +%at thP before-r-d-after study tech- 
niqueisthe most useful to a.?Sly to the problem of assessing the safety- 
effectiveness of specific I<I klS-tyFe r:w:+,?ts. (This is consistent with 
the observation that Lhe L,E.c ic-e is k;y ?.a :he mxt widely used ap2roach 
to evzluations of road ssfet r5fectivr:iess). Consepcently, it was deci- 
ir2 CO aicpt the before-md-efter ap;Jrozch as a besis for the evaluation 
znZ testing work of the proposed st.sdy. 

The following cor.u;;.nts on all fox al?pic,:ches Ere mzr?e by wiy of summtry 
of the earli report . Ttlc-y i+ntify '.b,z mein rczscr!s ~ % y  tine first 
t b ,  :: diq~iua s are ir,iT;,rc.priate fo:. c e~:~'.n~~Llc:. of 5:iEib2 +?:,e i,,c~ 
jects. 

2 

3.2.2 Multivariate Stu2ies __ .__ 
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factor r,q attain. Apart fro- tkse difficulties, there c;zc the furt:-.er 
difficcltics cf recognising all p~ssible influentizl factors, and of 
assigning a quantifiable or nchi;ur$ole value to the sttri'...- ,,.te(s) of a 
-=.-tor. 

In the c z w  of evaluating K'rZKS-tjye projccts, assessi;~g tFat interaction 
betk-een a lzge nuber of factars is Rot thc i::'.;?. The CG:??.?:?. is to 
assess tile irfluence cf one p2rticular factor. The m?lltivariate aslroach 
is thc.ref;,rt co:~~iCcrc~ LnsGickle. 

r -  - 

 or '7 ;:.:-tiruiar project type, sirrgle grccr st?;dies invdve t!?" sclertion 
of a &i:?:ie groi;,? of sites, idsni-ical in ail respcts, Kith t?.e exception 
t?.at tP.e factor m d er sL:~?y z?p?-'-s at a different level in each case. 
Conse.;uer.tly, the technique is directed to the study of ftdors which can 
be quantified an2 for which the ccncepl; of at least LIsi~e different levels 
is meanicgful' (e.g. traffic volune). 

The tec:-c,iqu? is useful fcr ::rskssins the ch6"je in perfprance of a 
parLicclzr Teasure as t:he ~cs::~ie is ir.plenente2 wi?.h ZifferLng intensities. 
In the czse of evaluation of KIEX-ty?e projects, hawcver, the principal 
concern j s -4 tli factors rihich canot be treated in this w2y (an example 
would be 'STCP sign' vs 'no STO? sign'. That is,, for KITEX-type projects 
thcre is $+zei-ally noli a ran.;:. of pasziSle !.evels of is2lmentation aid 
C;,r-re.;cre t5is ty2e of q-grotch is inapp-opriate. 

. .  

3.2.4 Natched Group Studies _____ 
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3.2.6 Surxar~ 
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In t:TC hnr.e.u to t!.is Ck;;ter, x.:~ shc.~: kAs,.; to 2etcr:;iv.e a critical value 
6 (a), such that if 

m m 
.Z n. is snialler than 1 t: F .  - 610) 

I 1 1  i= 1 i= 1 

we can conclude that the project has iirlproveJ tt,c- s6fety ~f t?,? grou? of 
sites. That is E ( % )  is tt.e nir,irn~m, nurk.e~ b] u?:icli the total accidents 
observed in the after period at sites 1 to m must be less in o?der to 
indicate that the project has inFi-oveZ safety. 

The quantity CI represents the FraLhkillty tiat the m:izlucion ?raiiz is 
rrong . That is, if \'e cor>clude that L ~ C  prajrt - k ~ s  ic.;1-o;.ed 55:ety. 
there is a IOO? per cent proixbi1it.y tF.2 irldiczted irTrcvi?,tr,t v : ? ~  
due to ckzr!ce aloze an6 that th;. p?-b;ect b.as __ not, in fact, led to yny 
imprcvement in safety. 

The valre assipec: depends on the level chosen for a. This will typically 
be of ti;e orcjer of .05 or .13 inlicatinq respectively a 5: find 10% pro- 
bability that an indicated Frr>rcver,ei-.t could Le ex,slzined by chance. 

1 

3.3.3 Power of the Test 

In the above a tesr: was describe? for which the conclusion that safety has 
beer, iin?roved by the project is s.&ject to a small 1OOir'L chance of being 
wrong. Conversely, we should like to be rezsonab:y s ~ r e  that if safety 
has been irprm;ed, S)w; Lhc- test r:F11 irr,5ic.-:tP ii~.:-t it Ixs. I!; statistical 
terms, we de:lote 1-6 as the prLhbility of Llici tcst in.3icuting ;In inprc;-e- 
nent in safety, given that one kis, in fact, occurre?'. 
is known as the ~D~!JI' of the test. 

In this section, we investigate this attribute. 
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 (infeed, essential) to determine those situations which yield 
a test of Knxc:eots?ly loi: pzwer. 

- 
The ql;tntity 1-E 

If, for test situations' 

7- ,ne pc..~ z <:tf the l..st is def:;:ed in ters or. and is the.-< ::.re c?epcndent 

. -  TIT,' '-? .,.:-.- -~ ~~~ I > .  :, tlf:, il:j? <;.>c32.?:,c.-.~ A C  fi 

GFL, il.~ .:ctuz?. i-: fety ~?cL?.K;~.? by tF.e ii-31 

Ab be the ti-ue near nun3cr of accidents per year over all sites in 
the befcre period, and 

i. L'e the t n t  rmt i:. : ~ ~ ~ . i . c r  of acci&:,ts per yecr ovcr a11 sitcs in 
. .  a 

tjl? L.EiT pe..:,2 

Y be the 1-atio h / A  
a b  
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A major constrnint on the attairmsnt of the selected sa!?le size will 
be t h t  pzrticular tjpr, of ];xc~jccts will not have been iinp:&;r.ented in 
any grest nurrhsr. Gthsr tj-pis of gr-ojtcts will not be associettd with 
large nuTbers of accidents. In either case, it will not be possible to 

dividuhl projects of tlgL o:i* ty'yc will not result in a silf:;ci<.:.t num- 
ber of accidcrits. 

TbAc does not nojn that the axalycis should not proceed. Rather, 
should the test indicate thht no reductio2 in accident numbers has 
occurred, then the p o m r  of the test should be examined to see if this 
is likiiy to ha.;? been adequate. 

'Tk question of :r le size h,?ccrres r!are significant when it is desired 
to test the effect uf projects on 2ifferer.t types or severity of accident. 
In this case, thr r:zJ?ers cf accidents of different types or severity may 
be effectively reduced to a smsll fraction of tl;e total. To test for a 
reauzticn in numbers of ?r;cidents will in rany ciices bc ?oir.tlecs, and 
it vi11 be only the mzjor typ?s of accident which may be anzlysed in this 
wzy . 

Finally, if it may he os5unrd that a sample size governed by TC.= 100 will 
be approprial-e ir, most chsfs (i.e. projects selected for inclusicn in the 
analysis nest yield a total of accidents in the before and after periods 
equal to at least 100). Tables 2.3 and 2.4 of Chapter 2 provide an 
initial assessvent of project types for which this smple size will be 
attcirLe3. 

In the case of South Australia, suitable accident data are available from 
January 1972 Gr;dards. Thus to yield a tot.al of at least 100 accidents in 
before end after peiioss cookinod, the r.umber 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) ale as shown in Table 3.2. 

For We?.t.=rn F:us;rralia, the anaiogols co:.pilation is s:icbr. in Tsble 3.3. 
In this case, xit&l.le accident data are available only from Jancary 1976 
onw;.rds. ';il y i c i  total of at ieest 100 zccidents in hiore and after 
pe~ii.2.: cc~>i:c,3, the rurrber of acci6cr.ts p m  year fc.r tdci~ project tiye 
sho-Jlc tlr~ri.;.;x~ Le h b x t  35 cmr r:.ic-. 

cLbdin _LC. th.c s~lrctid sair.sI~ sire, siy.,ly becacse the aggregation of in- 

3 

3.3.5 Suitability of E o w s e 3  - Test for Project Evalllation 

r 

t 

i 
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;:J. of 
Frcj ects 

;.ccidents per ycar (a) 
Czsualty Total 

Convcrsicn cf i1ittrscc:icNr. 
to 'T' 
E:ed i ,- r :.. 1 r 7 i er 

?:edi;.n C,lc,sure 

FEW or c?;ra.?ed 5 t w p t  
1 i gh t ing 

Safety hzrs 

Kodify intcrsection signals 

I4odify intersection cliannel'n 

I\'cw inter sect ion sit;]: ,i 1 s 

KCK intersection 
channel iution 

Modify intersection signals 
L:cd ct.:nncl<?.3tlcn 

Kcw '.ntcrsection signals 
and thannelization 

Elimina:r intersection 

Roundabout 

IJPW pedc.s?rian sfrnals 
.--ril: - --- ,.. -.. .,... 
L_..L.iL ,.U,,, , 5 .  _..C 

Priority route schene 

70 

13 

L. 

4 3  

01 

40 

7 1 .. - 

40 

2 

5 
L 

52 
25 

1 

1D2 

52 

20 
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i L i  

b? 

49 
5 
76 

6A 

6 

8 

6 

56 

20 

15 

1455 

161 
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42 
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18 

4 60 
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43 

16 

16 
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62 
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3.4.1 Introdurt i on 

 he test pyc,,y?.!re 6es~~rihr:f ir. 5 c:.i..,~, 3.3 is t r the 
following q-?st~o: : 

Su2pose a partirulir typc of yJxzject is ir;Fle>rF.tcS at ccck, 013 a 
group of sites. For thc grc'J;, nr 2 I..!:?@:€, is the c!-.??'jl: in the 
accident situation consistent with the hy2othesis that ims?lirrir?n- 
tation of thc project has iqxoved safety? 

Application of the test will thcri-fore yield infomatiun C.Z:~.L<. 
the general szfety effectivences of Farticular t,~e; of projrcts. 

The test as descriiTe.3 r-ill not, io*?~:.r, ;.r.s:wr A 3unym-r c.f fither 
irr,?ortat questi0r.s. for exan>le, for a FarticGlar type oi jr",cct, 
there will cften >e dificiences in eqii3eeriny design or irr.ij;%entation 
and it is FDssible that these differenres may result in 6iffermt im- 
pacts on safety. To illustrate, a traffic signal installation at an 
intersection r.ey te c>.arac:trirpd k.y t:~;e yresence or a::.ss:ice of : 

channelizaticn 
F3eclal phases far turn?n.g vehicles 
vehic?c actius-ii'n of signsis 
turning lanes 

In each case, the effect on safety may be quite different. It is 
im2o;:tant to Lc isle tc, ZL'isrrine both t!:: cxk:.zxze and size of these 
dif frrences. 

An equally important question relates to dsterr;Zr,inc; the relstive 
efftstivenesc,not of different versions of the sane t p e  of project, 
hut of different project types. 
whether a high-cost type of project is pro?ortio?itely as effective zs 
a 1m7-c?5t ty,-f cf project. To Illcstrate, FC?L:':~-:L-. o:erz:ed sig?z?S 
and pdestrian (zebra) crossings perform tne sarcie fmction' at mi8-block 
locations, yct tkxe foimelr are r.ore costly t5an the latter. It would be 
useful to kncm r:?.ich were the nore effeckive in r.i.Z-cin;. ac.zi.lcnt ozcur- 
rence. 

The effectiveness of ident-ical projects may also differ according to the 
type of sites 2t r::iich they are irFienente5. ?.??in, pedestrian (zebra) 
crossinas provids a uood illu5tration. It m y  t;. the c tP.at scbitan- 

rf;ipt:t rjf ~:-ific <k,:s, S _ L ~ L :  ~X-C.:,;~, craffic s;csEs, e-:'.- 

For example, it is important to h o w  

.. .. 
:c:,:L~ ;:I e:fec;;-:-r.i.;s rsrdlt in sit' drcioi; c.ii :Li::~-,z in 

. - .  . .  

he r x e  that the eifezt cf pr 
.xi11 i-e tilt. ls:,:, E,~T.I,;. t.5: 

Worst 'tlz~): spots' >.a:-c alrc?.;:. >-:E> elir,imtEZ. The ufrific2t;on of 
this c o n ; ~ c t ~ ~ r ~  ~ ~ 2 1 8  hzve significz7.t ir,~llca%ic-s fcr f-ture NITERS- 
type prc j E ct i-.; 1 crc!.'t .3 t 107. . 
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Total both 
periods 

.. 

.. 

.. .. 

m 

1 Nk 

t7 with the value 
accident classes. 

h class were too 

ent type or severity. 

verity and type is 

In this case, the 

+ ,  .; 
.l. 

,rent project types, : 1 

that Loth safety 
units. It is recom- 

I tti-ms of the average 
in projects. 

:t types according 
We do not consider 

! 

periods 

i the 

I the after 
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To determine the factor Ci, the total current money value of costs for 
projects of type i, we need to know : 

initial consCruction costs 

. annual operatir.g costs 

the interest rate' applicable to Each of the 
years since implenentation of the projects 

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

Pathematical details of the prop,hed test procedure for coi-,>aring the 
cost effectivfness of different project types are containc.3 in the 
Annex. The test procedure may, hawever, be visualised as follows. 

Suppose the reduct.ion in accident frr;J€r,cj' for each class of MTERS 
project is plotted agzinst the cost ir. current dcllars of implemmta- 
tion of each class. The cost of effectiveness 05 the class is then 
given as the slope of the line joining this point to Lle oriqin. To 
test whethe.r all classes of projects are equally cost-effective we 
may examirle the scatter ahut a regression line throggh the origin 
fitted to tlie plotted points. 
classes of projects are not equally cost-effecti-e, pair-vise cmsari- 
sons may be carried out in order to deternine the ranking cf cost- 
effectiveness. 

The test is equally valiZly applied whatever the type GZ severity of 
accident included in the calculation of accident frequency. It may, 
however, lead to different conclusions depending on the severity of 
accident used in determining the effectiveness. The most appropriate 
treatment to overcone this difficulty is proba5ly to cmhine severity 
types according to a number of alternative assumptions concerning 
relative importance. 

For esanple, the relative importance of each severity class could be 
assessed according to : 

If we concluce that the different 

2 . p.2olisb6 FC,:??F;: r:.,ct dati 

. the relative frequency of occurrence of each 
sevkrity closs 

. the preference of the analyst 

In the first cir,~?, the im,?ortance of a se7:erity class wollld Se directly 
proportional to the rest of accidents in that class. In the second 
case, ttw Iz,prt?nce cf a severity class vauld be invirsely yrqortional 
to the relitive fl-f~~enzy of occurrence cf accidents in that clzss. In 
the third and last case, the intuitive deternin;.:ion of the Analyst may 
be used to %eight each severity class.. 

'FE B detailed ?iscussion of the czlculation of Fresent worth of costs 
and of the defi-itioz 2nd USE. cf interest rates, :e? Z.,?.~i.sP,an, 
Csst-&?:ij:'t J.~.2zyeic, George Allcn 1x3 h v i n  Ltd., 19i2. 

'See, for esmple, F.N.Tr@,' an5 N.G.Rctlin, Ykc ??Ft r,f C S ~ ? ~ . ~ . ~ ~ - ; ? ? ,  
Chesthire, 1071. 
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ulustration of the proposed procdures for assessing and com?aring the 
cost-effectiveness of different classes of projects has not been made. 
Tile time available did not allow the extraction of the neccssary cost 
information. 

3.1 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 KITERS-type projects. 
after study technique. The basic test amwers the question : 

The procedures are based cn the before-and- 

Does the nw:htr of accidents o5served in the after period, 
xhen conpc=irtd wiih c!~.e J;:i->.,c-r in the before period, in?icata 
that the pi-oject 1,:s 5q:~oved c!te saft-ty of a groxp uf sites? 

Various extensions and modi!<cstions of the basic test were proposed to 
account for ilia ir,fluence of : 

seasons1 effects 

secular trends in accident occurrence 

. changing exposure 

bias in before and after period selection 

. effects of non-reporting 

system vs site effects. - 
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 assesring and coapsring the cost- 
effectiveness of projects. In Chapter 4, the feasibility of these 
r:.itistic;l prc,sedures is 6anonstrLted. 



ANNEX 
STATISTICAL AND MATHEMATICAL DETAILS 

- 

In this ~ n n ~ x  xe set out statistical and r,athenatical argments supporting 
the discussion given in the main bo* of the Chapter. 

Section 3.3.2 

We have, for site i: 

pi the rattn of expccted accidents in the after pejiod (ar:sdng no 
change in accideiit inci~dexce) to the total n m h r  of zccidents 
observed in the before-and-after periok. 

N. the total rider of accis-nts observed in the before-and-sfter 
I periods. 

N. p. the expected number of accidents in the after period if no 
I 1  improvement. 

the observed number of accidents in the after period. “i 
Let Jl Le the theoretically cspcc’ed :,r.???rtim- over all .:.i!.~::, - -. ratio 
of accidents, occurring in the after period 2uc.r t.5~ total zii?.’ I of 
accidents in both before-zr.d-zfter periods). 

Let ne be the theoretically expected proportion over all sites if no 
improvemznt has occurred; and let Jl K !l be the theoretically expected 
proportion if some improvement did occur. 

Then an estimate of ll is: 

1 0 

A n = En i 
1 N i 

L...p. 

I N  

__ 
and - -.. 

1 1  __- - no -~ 

i 

The hypmheses to be testcd X E  ticn: 
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and the null hypothesis (i.e. that Yne project cateqoLy has had no efitct) 
is rejected if 

m m I----m- 

-1 where .$ (a) is the inverse function of the cumulative standard normal 
distribution; that is, k-here: 

a = Probability [Standard Normal Vsriable >$-I (a;] 
-1 -1 Usually a is set at .05 or .10; 0 (.05) = 1.645 and (.I01 = 1.282 

It is worth enphasising that the test described abme is a one-tailed test 
a d  rrore ser.sitive tF.az a tuo-tsiled test such as the x2. That is, whilst 
a x2 test can be used only to deternine whether a change has occurred, 
t5e test described diterrr,jnes whether a decrease or.ly has occurred in 
accident frequency. Alternatively, a simple modification of thc test 
would allow determination of whether an increase only, or change in either 
directior. has otcurred. 

Section 3.3.3 

We have: 

the true mean number of accidents per year in the before period 

X the true nisan number of accidents per ysar in the after period 
a 

K the ratio X /A 
a b  

t the 513 of the durations of all the after periods 

T the s m  of the duration of all periods 

?f -'.e ~ i t c s  *re !,or;,3;er,.;sus with respect to tine within each perioa 

no = t/T 
A t  a - n, = 

j, f * 1.. (;'-: ) 
a D 
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and the power of the test of the hypothesis above is given by 

i t Ir (1 - -1 ZIJi = F r \  1 1 (a) I T  T 
t -1 J Z  n. < z E J ,  - + 

-1 where @ (a) = 1.645 in this case. 
m 

i-1 
Since Z N. is normally distributefi, we have 

1 

where (a) = Pr (st.d normal vble <a) 

Now, suppose t/T = 3/4. That is, we have one year of 'before' data and 
three years of 'after' dsta. 5i;ppse also that the effect of the 
imsrovements on the accident frequencies was actually to reduce X 
then K = 0.5. 

by 50%: 
b 

Suspose ZN. = 100 and U = 0.05. Then 
1 

I = ((l? - 7.12 - CO) / 4.890 

= 0.95 
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Section 3.3.6 

F.ins in "keforc" &ita 

(i) We have 900 'safe' sites at each of wlijch the distribution of 
eccidints per yedr is Given bjj 

-x x Pr (X = x) = e 0,) ; A = 0.5 
X !  

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

-.A x Pr (X = x) = e ( A )  ; X = 1.5 
X! 

Euitiplication of these f5ctors by the ectllzl total number of sites 
gives the expcted nil?:her of sites with exactly x accidents per 
year. For exarn?le, for the 900 safe sites, the expected number 
with 2 accidents per year is G8.2. 

(ii) To shod thEt one year of 'Lad' data nzy ur2dL1y influence several 
years of uct,ei-*ise 'nonml' dat-a, cwzider the follo:<ing 
hypothetical example. 

At 'safe' sites, the expected nunber of accidents per year is 0.5. 
Over three years, say, the expected cumber of accidents would be 
1.5. If a particular site were chosen for improvement because 
two (say) accidents were observsd to occur in the first year , 
then after an additional three years, the expected total number 
of acci&iits would he 2.0 + 1.5 = 3.5. This should be compared 
with the expected nurrber of accidmts over four y e a s  (2.0) for 
a site not specially chosen. 

Th.? fffcct of t!!e 'bau' pear's rczillts on the fodr year total for 

1 

c, L.Ie .i~L:L:,-l!)- >--,.. ~ c?cst?: =ite is quite marked. 

Section 3:42 

t!.c true &ccidct fre;l.Jency at the site i in the before period 
b. 

a 

A 
1 

I tile trur- acci2er:t freqJe:,cy at thE Site i ir! tl~e after period 
1 
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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. 
varja-ces c.?pendi!i; T!, the actuzl acc :ent frequencies X 
variancrs can, howev;;r, be calculated zs shoiin below. 

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 correc$ed K. around the best estinate of K can th6n be Zescribed in 
terms 0: a Xz distribution. 
We first es.!:~Slish the bias of K. and estimate the variance of Y.. AS 
before for site i let: 

These estimates will have different 
and a. These 

a 

1 I 

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

n. be the r.rn3er of accidents ohi2rved in the after period. 

i 

1 

Further let: 

T. be the total length of before-and-after periods. 

t. be the length of the after period. 

1 

1 

Then a good estimate of K .  (dropping the subscript i for convenience) is: 
1 

The Scst (i.e. r.inirim variz.nce) estimte C F  b:, m 3 ~ r  the null hypothesis 
is thus.? 

Y' = Zk' .I\'. 
1 1  
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Finally, to test the null hypothesis, we use the test statistic: 

m ( k i - K )  * 2  

z 
i=l ydr (k ) 

i 

which is distribated approxinztely as a i2 variable with (m-1) 
degrees of freedom (one fewer than the number of sites). 1 

Section 3.4.3 

Let: 

N. be ~ k ~ e  (adjusted) n.o!Ser of accidents observed in the before- 
' Gj~dd-bftci p..yicis far 5ro'ap i. 

n .  be the (adjusted)r.umbfr of accidents observed in the after 
1 period for qro'ap i. 

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

Before After Total both periods 

N1 n 1 1 .  N - n  1 Grou? 1 

2 N2 
Group 2 N2 - n n 

2 

.. .. .. .. 

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

.. .. .. .. 

Total all 5roi;p m m 
z (I:i - n . )  1 n. 

1 1 1 1 

rn 
Z Ni 
1 
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is distributed as x2 
N. - n 
If the before periois or after ptriods are in fact of different lengths, 
the contingency table test described above must be modified. Adjustments 
must be made to make the factors of grovp and period independent, as 
fo 1 lows. 

The null hypothesis is that each group is equally effective with a 
reduction factor (uknov.Tl) of say K. TO estimata I( we assume that each 
group has no effect. Then the number of expected accidents in the after 
period f. can be calculated using the techniques described in Section 3.3 
of Chap& .3. 

, provided that each of the observed quantities 
and n. is gr%$er than zbout ten.’ 

1 i 1 

The best estimate of K th?n is: 

m 
E h’. - f. 

i=l 1 N. - ni 1 1 m. 
k =  1 

The exoected freouencies in the continqency table may now be calculated - . 
using this value. 

Let: 

be the Ti 
be the ti 

ki be the 

Then the expected 

total length of before-af3r-period for group i. 

length of the after period for group i. 

reduction factor previously defined for group i. 

nuhers of accidents before and after the group i are: 

T. - ti - 1 

efi Ni 7. - t. + k ti 
1 1 

k ti 
e. = N. la 1 T. - t. + k t. 

L 1 I 

Un?nr the r.ull hypothesis that each groa;, is e?>Jzlly efi-ctive, K ,  = K 
for all i and test statistic: 1 

z e. e. 1 ib la 
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... " 

The following taljle gives an indication of the power of the test in 
the case where before periods arid cfter periods are respectively equal 
in ltiigtll: 

Poxc-r of Tsst for Com?aring Two Grou;.s of Projects for a = 0.10 

Po:ier (1- fi) 1 N2 E! 
2 K 1 K 

1.00 0.50 50 50 0.51 

0.80 0.40 50 50 0.51 

1.00 0.50 100 100 0.77 

0.75 0.50 100 100 0.40 

0.80 0.50 100 103 0.50 

0. EO 0.30 100 100 0.76 

Finally, when there are only small numbers of accidfnts, the underlying 
distribution is expected to be Poisson 2nd so sipificmtly skewed. 
Hence, in the terminology of the contingency table, the distribution 
of the observed r.mbe+ in each cell is Poisson a*ld cannot reasonably be 
reyurded as norjral. iience, ?!~,e crJntin?-zicj, tzblc approdcli is not 
appropriate, &Td ihe a7proach of Section 3.4.2 must be u-ed. tiowever, 
\;:hen there ;re large nmhi-rs, the Poisson distribution approaches a 
Noma1 distribution and skewness disappears. The contingency table 
approach described above is thai sppropriate. 

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

T. 

t. 

l< . 

1 

1 

1 

n . 

c. 
1 

1 

6. 
I 
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An estimator for p .  is: 
1 

n. 1 1  N. - n; 
Bi = T~ - ti - -  1 .. 

t. ci 
I 

N.t. - n.T. 

(Ti- ti) tici 
I 1  1 1  - - 

We have, assuming N is constant: i 

E(Bi) - Bi and 
T.* var (nil 
1 Var (B.) = __ 

1 1 (Ti-ti)tiCii2 

Pgain assuming N. is constant, an estimate for Var (n.) is: 
1 1 

n n. (Ni-ni) 
Var (n.) = ~- 

1 N . 
1 

I 

Therefore an estimate for Var (B.) is: 
1 

2 
T. n .  (N.-n,) 

1 1 1  Var (B. ) = 1 -  . -___ 
1 

(Ti-ti)tiCi Ni 

Suppose there are r different project t)pes. We wish to test whether 
the various B. come from populations with the same mean 6 = 6.. That 
is, we wish to test .*.?&her the various prcject ty?es are equally cost 
effective. 

The best (that is, rr,inim,m variance) estimate of 6 is: 

1 1 

Paimise conparisons will allow riir.king of ccst effectiveness. 
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To test the null hypothesis that the Bi are equal (to 6) the test 
statistic is: 

1 i = l  

k.trich, ur,der the null hypothesis, is approximately' distributed as 
x% 

r-1. 

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

B. - B. 
I t =  

Var(Bi)+ Va'r(B.) 
I 

This statistic is approximately' distributed as a standard normal 
variable. 



CHAPTER 4 
TRIAL ANALYSIS: S.A, DATA EASE 

4.1 INTRODUCTION 

To illustrate the methods of Chapter 3, it was deci?r_d to conduct a 
trial analysis for one project type using the data available from 
one State. The South kustraliar. 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 s a m ~  way as the 
accident records. timever, this source of data proired to be unreliable 
and had to be disc?'?cd. The main source of project data used wds a 
copy of applications for M1TZX.S funds submitt2d by the State cf South 
Australia to the Conmanwealth Department of Trinsport. 

In this trial analysis, sites of traffic engineering improvements were 
location-coded as required. For the conduct of the main stu8jr. however, 
it is anticipated that it would be more economical to.code up (assign 
location codes and enter into 2 2ata file) details for all minor traffic 
engineering improvements. In States such as New South Wales where there 
is a substantial Traffic Facilities progrzn jn addition to the MITERS 
program, improvements under both schemss could be coded. 

The principal problem for the trial analysis was the determination of 
the implementation data of individual projects. This information c& 
be obtained 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 before-and-after periods, to allow for this 
uncertainty. Accurate information on ixplm?ntation dates will allow 
the narrowing of this gap and h~:,ce ir.;~.icve tke sensitivity of the tests. 

The structure of this Chapter is as follows: 

Section 4.2 - 
Section 4.3 - 
Section 4.4 - 
Section 4.5 - 

Section 4.6 - 

Project and accident data w e d  in final axalysis 
Analysis of charices in raw accident nwk-ers 
The calculation of control factors for secular 
trends and changes in exposure 
Analysis of chanoes in scaled accident nwbers 
(t'7at is, cca?e5 to rnfle-t chznges in trdffic 
flows Gild secclar tren3s). 
Conc1udir.g rerr.ai-ks 

4.2 PROJECT ASD ACCI3EIcT 3ATA LiSED IN 'IXAL ANALYSIS 

Projects examined j.n the trial analysis com?rised traffic lioht install- 
ation at intersections in metropolitan Acielaide. 

The raw accidc-ln: data used are sh?,m in Tatmle 4.1. The projects wcre 
divided into tw3 gro'qs: Grcus P., W k r e  113'- traffic lights only wc're 
installed and GXUF R, whre ne'*' treffic lic'lts were installed together 
with modification of cl;annelisation. F.11 sites frcx the 1975/7fi progrsn 
within mitroplitan Aji-l~i:',~ t\,'::ic?. fcli 1z:e eitljrr of thes:c LWO categories 
were incladcl. Thcsc ci: nc:t S.u?,5:\-iJcd further by such 
criteria 2:: ?k,c ty;.r c,f i'X <.< Lki? zirs of the triel Was to . 

I - .  i,.-.,- ,- ... 2.:..::.i-.- 1 .  . -  - :,:,,:, -:., T L  ~-.- . .. ~ 
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The accident data of Table 4.1 are shown retabulated in aggregate in 
T&le 4.2 (excluding the Daws Road-Narion Road intersection because of 
lack. of data). Traffic flow data for all intersections xiere obtained 
from the Sout!, Pustralian hisii:\,ays Dc+rtment 6nd are shrin in T&~E 4.3. 

A lack of time precluded idmtification of t1.j~ precise installation 
dates fur projccts. This is ci.rt2inly ~OssiLle, t.ut requires contact 
with individzal District Officers of ttJe South Australibn Hiuhdays 
Department. We were, tmwver, able to ascertain that all projects 
were Endertaken and completed during tiie fk.hncia1 year 1975/76. 

Before making a final choice of the years to be used for before-md- 
after periods, a brief examination was naile of thc reliability of the 
data base, in terms of the statistical charactvristics of the accident 
data. This examination is described in the h m c x  to this Chapter. The 
main conclusion of the examination was that daLa for 1973 appeared to be 
unsstisfactory. Time did not allow resolution of Ihe situation and, 
conseqdrntly, the yezrs for Srfore-x.d-after  CL:-*::'? !icl’e chosen as 1971 
and 1957 respectively. 

4.3 ANALYSIS OF CHANGES IrJ RAW ACCIDENT NUMBERS 

4.3.1 Intruduction 

In this Section, we discuss th? results of SJglying t?,e test procedures 
of Chaster 3 to analyse changes in raw accicjrnt numbers at sites where 
new traffic siyiids were installed. Tests cx2ucted using scaled accident 
nu-ibers arc described later. 

4.3.2 Overall Change: All Projects 

Applying the test described in Section 3.3.2, we have: 

N .  is the total n&er of accidents observed in before-and- 
after periocis for site i. 

2zr:os fcc rite i. 
.n. is th? total i,.mker of ac;iSL.?ts cbsi-rvr-3 in the after 
I . .  

So that, using Table 4.2 

ZN, = 493 
1 

Z!, = 183 
i 

The null hq-pcth?sis is: 

where J! is the true proportion of accidsnts in the after period 

T! is the vx?ected proportion of accldiats in the after period 
if 110 iniprsvt:n.-i~:t h a y  occurred. 0 .  

In t.k.is C;SC-, t!:;. L.*:fi.ii.-~:!2-;.fter p:r:o5:. arc ui eqial length, so tllat 
re, = L.. 
U 



-.:: 7. cod? Ycn r Total 

::.;:ton rmcl 1977 17 

1.0 7 5 26 
1.9 74 24 

1977 18 
... 2 Ztreet 1976 38 

.- ' . :1:;1000 1.975 GG 
1974 90 

- - . I  lr.:,? 1977 37 
1976 36 -..a Pond 

-11 i 3 3ctoo 197i na 
19 74 na 

: ..I r?O,l<l 1.976 36 
.. 

. ._1?7:10 

~- Strrct 

-. - 

:-i-?lcl:-~ Hill Rd 1977 12 

.. ..1C.O20 1975 7 
1974 7 

.-.I:) South ~o.id 1976 6 

.::?.) South Ro;ld 1977 25 
. .: Road 1976 24 

1975 15 
1974 28 

1977 51 . ~ 1 3  Terrace 
T...:n; Road 1976 32 
~. i 313010 1975 42 

1974 51 

. .  

Head Rear Side Right 
on end swipe angle Others 

0 12 1 3 1 
1 20 0 12 3 
2 6 7 10 1 
0 10 3 10 1 

0 12 1 3 2 
1 20 0 17 0 
5 23 1 34 3 
1 15 0 71 3 

1 22 2 10 2 
1 27 1 6 1 

0 10 ' 2  0 0 
0 5 0 1 0 
0 2 0 5 0 
0 1 1 5 0 

0 18 1 5 1 
0 19 2 3 0 
0 5 1 7 2 
0 0 3 17 0 

5 26 6 11 3 
1 14 2 15 0 
1 11 2 28 0 
2 8 2 39 0 

Severity 

In jury 
'roperty Accidents 
Damage excluding Fatal 
Only fatals accident! 

15 2 0 
28 8 0 
25 1 0 
21 2 1 

17 1 0 
34 4 0 
54 12 0 
82 8 0 

30 7 0 
33 3 0 

11 1 0 
6 0 0 
4 2 1 
6 1 0 

25 0 0 
20 4 0 
10 5 0 
23 4 1 

46 5 0 
21 5 0 
34 0 0 
42 9 0 

0 1 -  
Y . .  



TALLE 4.1: (cont'd) ACClDrP'T DATA FOP 103 TRAI'FIC SIGNALS IN PXTAOPOLITAN ADELAIDE 1975/7G PRCGRM! 
GROUP B (NIX C!~ANFCLISATION) 

.. . . . 
I 

sever it y I Type 

Hc,d Rear Side Right 
C'l end swipe angle Others 

0 
3 
3 - 
i 

0 
0 
1 
0 2 

1 
1 
0 

7 
8 
7 

15 

5 
2 
0 
4 

15 
9 

12 
10 

2 
1 
3 
2 

:, 

1 
6 

2 
1 
0 
2 

? 
i 

15 
13 
10 
42 

2 
11 
8 
8 

5 
7 
19 
18 

2 
1 
0 
0 

0 
0 
0 
1 

0 
1 
0 
0 

Injury 

Damage excludin~ Fatal 
Property Accidents 

Only fatals accident! 

22 
23 
21 
53 

7 
16 
9 

17 

22 
17 
27 
21 

4 
3 
2 
a 

3 
0 
1 
2 

2 
2 
5 
8 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
1 
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The test statistic is En, = 183, distributed as N (216.5, 11.1021 under 
the null hypothesis and is to be compared with: 1 

232.27 for a = 0.10 
228.24 for a = 0.05 
220.68 for a = 0.01 

Overall, therefore, there was a significant reduction in accident timbers 
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 no 
real charige occurred. 

Category A Frojects 

For category A projects, the test statistic is En. = 123, distributed as 
N (161.5, 8.99) under the null hypothesis and is to be compared with: 

149.98 for a = 0.10 
146.72 for a = 0.05 
140.60 for a = 0.01 

For category A projects, therefore, there was a significant reduction in 
accident n d e r s  at the 1% level. 

Category B Projects 

For category B projects, the test statistic is En. = 60, distributed as 
N (85, 6.32) under the null hypothesis and is to he compared with: 

76.64 for a + 0.10 

74.28 for a = 0.05 
70.42 for a = 0.01 

For category B projects, therefore, there Ir’as a siqnificent reduction in 
accident nmbrrs at the 1% level. 

4.3.3 Conparison between Groups A and B 

The test dessribed in Section 3.4.3 was csed to determine the possibility 
of a differerice in the effect of glrou~s & 2nd E. 

m = 2  

N = 323 

n = 123 

N2 = 170 

n = 60 

1 

1 

2 



TN?J.E 4.7: S'JL.LI.lARY OF ACCIDEKT DATA FOR NXW TRAFFIC SIGNALS IN METROPOLITAN ADELAIDE: 1975/76 PRCGi7N.I 

a 1?77 1: 3 
Tra.fflc Lights 1577!1 1 :r, 

1975 156 
1774 7100 

I3 1'377 60 
'rL ,> L C ir Liqh.-, 1(17r, r,l 

Severity 
Type 

I I Injury 
1 nL̂..̂..C.. 

114 9 0 
115 21 0 
12 7 28 1 
171 24 2 

i 
7 i  
3 l  

5 78 11 22 
3 78 4 48 
0 47 11 a4 6 
3 42 9 142 4 

! 

2 27 7 22 2 9 0 
4 19 5 31 56 5 0 

Group 
rL<,j+.CL LY 

Total HCJ.1 P.car Side Accidents Fatal Damage excluding accidents Right Others Year 

fatals 
Accident-; (a) on c nd swipe angle 
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The value of the test statistic is: 

(323 (200 + 100)/403 - 200)' 
323(200 t 110)/493 

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

+ (323 (183)/493 - 123)2 
323 (183)/493 

t (170 (183)/493 - 60)2 
170(183)/493 

= 0.3705, distribut2d as x2, under the nivll hypothesis and is 
to be compared with: 

2.71 for a = 0.15 

3.84 for a = 0.05 

6.63 for a = 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 Groxp A 

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

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

1 

n. T.-t 

N.-n t. i i  1 

k . = &  / ___ 
1 

= ni / (N. - n t 1) since T. = 2 t. 
I i 1 I 

where I:. is the nurrber of acci6er.t: ~Sser?~ec! in hfore-arld-after 
1 periads at site i. 

n. is the nu+er cf azcidentr observed in after period at 
1 site i. 

We have, using Table 4.1: 

k; = 0.680 

i 

I 



The variance of the k .  is estimated by: 
1 

n. N. 

(Id, - n.)3 
1 1  = -  
I 1 

Again, using Table 8, we have: 

/r 
Var (ki) = 0.0500 

Var (kZ) = 0.0027 

Var (kj) = 0.665 

V& (ki = 0.006 

Var (k5) = 0.392 

A '  

A '  

, - . I  

Under the IILJI hypothesis, thc best estimate of K. = I: is: 
1 

w =  0.034 

w =  0.634 

w =  O.DC?G 

w =  0.285 

U =  0.0438 

1 

2 

3 

4 

5 

ani k* G.i-il 

2 
, which is distributed as x i Finally. the test statistic Z ~~ 

A '  4 - '=1 va:- (;Ii) 
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4.3.5 Differences within Grou? B 

As above, we have, using Table 4.1: 

kl = 0.413 

k2 = 0.503 

ki = 0.774 

A 
Var (k ) = 0.001 

Var (k ) = 0.423 

Var (k ) = 0.048 

w = 0.957 

w = 0.0226 

w = 0.0139 

1 

2 

3 

1 

2 

3 

A 

h 

The 1 eiure 

k* = 0.428 

2 
and the test statistic which is distributed as x2 under the null 
hypothesis is 2.70. This is to be compred with 

4.605 for a = 0.10 

5.991 for a = 0.05 

9.210 for a = 0.01 

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 tmes of accidents which occurred with sufficiat frequency to 

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

allmA. a reasonable analysis were rear-er3 and risht-anqle accidents. .- 

(i) grou, P,; rear-end: test statistic = 78, distributed as N(60, 5.48) 
under r,ull hj.potlit.sis; 

(ii) group A; right-angle: test statistic = 22, distributed as 
N(B2, G.40) under null hi-pothesis; 

(iii) group B; rear-end: test statistic : 27. distributed a5 N(28, 3.74) 
under null hyptbesis; 

(iv) Group E ;  right-e:!ol?: ti-st stc3tistic = 22, distributed as 
, , , r .  .. . .  , E!(45, 6.72) un ~. , 8 J l l  i,j: 

. .  ,-- - +  . ~. ~~ ~ 4 . X ,  Sj~.trit~~.~kc? 
L~.:. ti7.t. r'. 

,- ,:J:: !',;~.:>: :::; 
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(vi) group A 2 group E; right-angle: test statistic = 4.92, 
distributed as x2 un6er null hypothesis; 

1 

(vii) group A ;  right-xigle r&ar-end: test stiltistic = 48.251, 
distributed a5 x2 ui2-r’~ rull kqpo:hes!s; 

1 
(viii) group B; right-angle E rear-end: test statistic = 54.3, 

distributed fs )i2 under null hypothesis; 
1 

(ix) both groups; right-angle rcEir-end: test statistic = 147.9, 
distributed as x2 undsr null hypotkesis. 

1 

Conclusions were therefore: 

(a) Both group A and B signals caused a significant decrease (at 1%) in 
the rider of right-angle accidents but not in the number of rear- 
end accidents. 

(b) There was a significant differefice in the effect of group A and B 
signals on both rear-end and right-angle accident n d e r s  (at 5%). 

(c) For groups A and B individcally and together there was a significant 
change in the proportion of right-agle and rear-end zccidents. 

4.3.7 I Accidsnt Severity 

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

group A; P.D.O.: test statistic = 114, distributed as N(144.849) 
under null hypothesis; 

group A; injury plus fatal: test statistic = 9, distributed as 
N(17.5, 2.96) under null hyimotbesis; 

group B; P.D.o.: test statistic = 51, distributed as N(71, 5.96) 
h:d?er rlull hyporhesis; 

group B; injury plus fatal: test statistic = 9, distributed as 
N(l4, 2.65) under null hypothesis; 

group A test statistic = 0.54, distributed as x2 
under null hy?othesis; 1 

qrou,- A; injury plus fatal F.D.O.: test statistic = 0.326, 
distributed as k- W&I null hypothesis; 

group A; injury plus fatal vs P.D.O.: test statistic = 2.51, 
distrhuted as x2 under ndl-&mthesis; 

qrolrp E ;  iiijury plus fatal vs P.D.O.: test statistic = 0.15, 
distributfd ac x 2  tirid2.r rdail ~~-~othesis; 
qro’Jp 4 and B; injury plus fatal VS P.D.O.: test statistic = 2.27, 
cistrlbcted as urbier r.ui1 hypthC!sis. 

grcup 5 ;  

7 

1 

1 

1 

- 
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Conclusions were therefor-e that: 

(a) Both group A and B projects cause? significant (at 1%) decreases 
in both P.D.O. and ipjury plus fatal accident categories. 

(b) There was no significant diffcrerce between these effects of 
group k and B projects. 

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

(c) 

4.4 COi4TROL 

The control group used for secular trends was .m cverall one. Scaling 
factors were based on the slope of the lines through the origin relating 
the nuzbers of accicients in two separate years. Taking 1975 as the 
base year the factors for metropolitan Adelaide intersections were: 

Year 

1974 

1975 

1976 

1977 

__ Scaling Factor 

0.828 

1.000 

1.016 

1.010 

The need for using 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 acciZer:ts, 5ivinq a stmZar2 error for the scaling 
factors of 0.015. The factors for 1976 and 1977 are, therefore, not 
signj.ficantly different from 1 but the factor for 1974 is very significantly 
different from one. 

The reason for a liffereace such as this deserves further investigation 
in the main study but is not relevant to the trial analysis reported in 
this Chapter. In particuiar, as well as a genuine reduction in the 
r,umSer of accidents, this change may have been cause3 by a change in the 
prc,;~>:ti~':: cf accidents re?C)rte:. This coEld occcr 2s a 1e;l;:t of changes 
in ;&,inistrative proceS.~res, penalties ii-.pzsd etr. Far er.ar;,,?le, 
introd,jction of conpulsury breath tfst5 could make <rivers less ii?cline? 
to reprt zccidents in srm:e cases. Another factor worth investigatiori 
would tr. t5e effects of seat bc?:L.s. 

TU accodit for the effect of c!-,-nqFs in site expsure, facto-s were 
calcul;.tcr! usir.? the flow dsta of Table 4.3 f?r 1074 2nd 1077. The val?f.y 
V and V to be used in t\e exposwe calculation were determined by taking de mean of the two-way AADT values aplica:?e to c ~ ~ o s i t e  leqs of the 
intersecticn. 

2 
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for example, at intfrscction 1251507210 (ref. Tab 4.1) the values for 
V and V in 1974 were calculated as: 1 2 

V1 = (22500 + 23900)/2 = 23200 

V = 8700 2 

and the site exposure was deternined as: 

% E = k (23200 x 6700) 

= 14207k, k a constant 

Finally, Teble 4.4 shows, for each site for which dEta were available, 
the total nmnbers of accidents, the scaling factors for secular trends, 
the scaling factors for changes in exposure (obtained by dividing after- 
exposilre by before-exposure) and the nuhers of accidents mdified in 
accordance with both sets of scaling factors. 

4.5 AKALYSIS OF CHN4GES IN SCALED ACCIDCNT NUMERS 

4.5.1 Overall Ch- 
All Projects 

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

(i) Scaled for secu7.o change only 

The test statistic is En. = 141.8, distributed as N (216.4, 7.36) under 
the cull hypothesis and is to be compared with: 1 

207.0 .for a = 1.10 
199.3 for U = 0.01 

SczZed for secular mid ~,-oos'u*e c h q e  (ii) 

The test statistic is Zn. = 151.1, distril.dted as N (221.1, 10.51) 
under the null hypothesis and is to be compared with: 1 

207.6 for a = 0.10 
196.7 for CI = 0.01 

In ht?i cases, th-refoze, there is indicsted a siqnificayIt reeuction in 
accicfnt r.u&ers at the 1% level of significance. 

Cateqo? .;L Projects 

(i) 

TPE tc:,t statistic is In. = 100.8, distrjLutL,d as I.! (150.4, 6.67) un&r the 
null nypaL!.~tii aid is t,:. be c2:.'7;:,23 v;ith: 

,$,-azi.3 fclr sccul-;. &p;gr: QT!~:: 

1 

139.3 for CL = 0.10 
135.3 for (1 = G.01 



TABLE 4.3: TRAFFIC FLOW DATA (TVO-\:AY PACT) FOR INTERSECTIONS SHOWN IN 
TAELE 4.1 

Year (a) 
Site and 
Code (c) 1974 1976 1977(b) 

Brighton Rd 22500(S) 239@0(N) 2570O(S) 25700(N) 22850 
Jetty Rd 8700(W) 6550(h') 6180 

1251507210 

Adam St 7000(W) 15690(E) 7200(W) 15600(E) 14500 
Manton St 1250O(S) 3050(K) 13200(S) 5@90(Y) 8000 
114107000 

Chandlers Hill Rd 5400 7400 6000 

Main South Rd 45SOO(S) 50000(N) 53200(S) 5500(N) 53000 

1172016020 

Main South Rd 47000(S) 47OO(Il) S5000(S) 50000(N) 53550 

Majors Rd 4700 8200 6800 
1172016000 

Torrens Rd 19900(S) 26700(h') 19800(5) 240O(N) 19700 

ll6'~818010 

Goodwood Rd 30200(S) 3070000 2800(5) 31000(N) 30600 
Grange Xd 5000(E) 3509(12) 3800(E) 2850(W) 4500 
1901626000 

Bri.djie Rd 1160o(S) 17500(X) 13709(S) Z@OU@(N) 14600 
plontague 23 125@0(E) S60il(K! 3300(Ej 6529OiR) 9050 

1420655COO 

__ !i3tes: (a) Letter in p.?rCnthcS?S indicates leg (cop.pass point) ef intersection 
for which flow value applies. 

(b) For 1977, flew values are means of Ii plus S and E plus h'values 
respectively . 

(c) Flow data net a':ail.?bl~ for intrrscctions 12236080017 and 115051175s. 



T.\nLE 4.4: Scaled zccirlent Gat0 for new traffic signals in metropolitan Adelaide: 1975/76 Program 

- 1977 
1974 
1977 
1974 

I J  7X1GOOO 

1 16 OP 180 10 

Total accidents Total accidents 
adjusted for adjusted for 

exposure and 

Total accidents 
adjusted for 
secular change 

Relative 

Change (b) 

i 

i 

I 
Relative 

ir,roject cocje Year Secular change in Exposure (a) I Accidents 
Total 

exposure secular change 
~~ ~ 

17 
24 
18 
99 
12 
7 
25 
28 
51 
51 

123 
200 

0.700 
1.000 
1.370 
1.000 
1.733 
1.000 
1.648 
1.000 
0.699 
1.000 

- - 

1.010 
0.828 
1.010 
0.828 
1.010 
0.828 
1.010 
0.828 
1.010 
0.828 

- - 

13.9 
24.0 
14.8 
90.0 
9.8 
7.0 
20.5 
28.0 
41.8 
51.0 

100.8 
200.0 

croup B 

lCnlF,2600 1977 7 C! 1.059 1.010 21.3 
1974 61 1.000 0.828 61.0 

I 1977 24 0.997 1.010 19.7 
1974 30 1.000 0.828 30.0 1 14 2 n c. r, 500 o 1 

I 
Sub-total 1977 50 

1974 91 
- 41.0 - 91.0 

TOTAL ALL 1977 173 - - 141. B 
GROUPS 1974 291 - - 291.0 

24.3 
24.0 
13.6 
90.0 
9.7 
7.0 
15.2 
28.0 
73.0 
51.0 

135.8 
200.0 

24.6 
61.0 
24.1 
30.0 

48.7 
91.0 

184.5 
291.0 

19.9 
24.0 
11.2 
90.0 
8.0 
7.0 
12.4 
28.0 
59. A 
51.0 

111.3 
200.0 

20.1 
61.0 
19.7 
30.0 

39.8 
91.0 

151.1 
201.0 

I. 
N@teS: (a) Normalised with respect to 1974 year 

(h) Sce Section 6.2.3 for detrxj14 
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(ii) 

The test statistic is n .  = 111.3, distrihuted as N (155.7, 8.82) ulder 
the null hypothesis and is to be cornpired with: 

Scaled for both Pecular cm2 exposme change 

1 

144.4 for a = 0.10 

136.0 for a = 0.01 

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

Category B Projects 

(i) 

The test statistic is Zn. = 41.0, dtstributed as K(65.0, 5.74) under 
the null hypothesis and is to be C O P ? & ~ E ~  with: 

ScaZed for seculur ckznge ody 

1 

58.6 for a = 0.10 

52.7 for a = 0.01 

(ii) Scaled for both secular a d  eqosure change 

The test statistic is Xn = 39.6, distributed as N (65.4, 5.72) under i the null hypothesis and 16 to be compared with: 

58.1 for a = 0.10 

52.6 for a = 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 

U s k ~ g  the test described in Section 3.4.3, the possibility of a difference 
in the effect of grou3s A an8 B bias iavestigated, as follows: 

(i) Scaled for secuLar cFmpe only 

We have: 

m = 2  

= 300.8 

n = 100.8 

N, = 132.0 

n = 41.0 

l4 1 

1 

- 
2 

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

2.71 for a = 0.10 
C.63 f@l- c. = 0.10 



(ii) 

We have: 

ScaZed for both secular and ezposwc change 

m = 2  

N1 = 311.3 

n = 111.3 1 
N2 = 130.8 

n = 39.8 2 

The value of the test statistic is 1.16, distributed as x2 under the null I 
hypothesis and is to be compared with: 1 

2.71 for CI = 0.10 

6.63 for a = 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 1 

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) 

We have: 

ScaZed for secular chmges onZy 

I = .0.556 kl 
k2 = 0.163 

k3 = 1.225 

k4 = 0.707 
I 

k5 = 0.804 

Var (k2) = 0.002 

V& (k3) = 0.48 

VSr (kq) = 0.045 

Va^r (k ) = 0.029 
5 

w = 0.045 

w-, = 0.655 

x = 0.033i 

. I  

1 

- 
3 
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w = 0.038 

W = 0.059 

4 

5 

Therefore: 

k* = 0.243 

The value of the test statistic is 23.4, distributed as x2 under the 
null hypothesis. and is to be conpared with: 4 

7.78 for a = 0.10 
13.28 for a = 0.01 

We have: 

= 0.796 

= 0.123 

= 0.000 

k2 

= 0.428 k4 

= 1.150 kg 

VSr (kl) = 0.63 

VSr (kZ) = 0.0016 

V6r (k3) = 0.350 

VZr (k,) = 0.23 

V& (k5) = 0.50 

, 

, 

w = 0.022 1 

2 

3 

4 

5 

w = 0.se4 

w = 0.004 

v = 0.061 

k’ = 0.029 

Therefore: 
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