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Abstract: 

Reports of in-depth crash studies fran Australia, UK, Europe and the 
USA were reviewed. Successful studies were found to have defined and 
explicit objectives, a sound statistical design, appropriate analysis, and 
a substantial report which was related to the objectives of the study. 
On-scene studies gather transient information, and allow developnent of 
insight into the crash process; follm-up studies are more convenient, but 
at the cost of lmt information. The resources required for each are 
similar. Apart fran a small rural study near Adelaide, there has been no 
field study of crash performance of vehicles in Australia since 1977. 
There is a need for a system for continual monitoring of the effects of 
changes in vehicles and the envirornnent on injuries and the crash process. 
This should be done through on-scene studies of rural and urban crashes, 
and through a system of a m n t e d  police reports. 
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This report reviews in-depth studies of road crashes reported in 

Australia and other countries. The working definition of in-depth Studies 

included research studies where investigators examined vehicles, injuries, 

and the crash site in scme detail, either while the vehicles e r e  still 

present, or after their removal. 

Since the first on-scene studies in Adelaide (1963-66), and Brisbane 

(1964-661, there have been a total of 21 in-depth studies of crashes in 

Australia. Multidisciplinary, detailed investigations of sanples of 

crashes have been carried out in Melbourne, Sydney, and in Adelaide (1975- 

79). More specialised studies of emergency medical services, seat belts, 

and crashes involving utility poles have been carried out in Melbourne. 

Studies of motorcycle crashes, seat belt performance and road tanker 

crashes, have been carried out in New South Wales. A mall pilot study of 

rural crashes around Brisbane was undertaken in 1970, and a m r e  formal 

study of rural crashes in the area around Melaide has just been cmpleted. 

Data on control groups of non-involved drivers and vehicles has been 

gathered in Adelaide, Melbourne and Brisbane. 

In other countries, intensive investigations of crashes began in 1955 

at the Road Research Laboratory in the UK and in Chicago and Boston in the 

USA at about the same time. These were followed by further multi- 

disciplinary studies in Michigan, Los Angeles, Buffalo, and Indiana. None 

of these projects used a formal sampling method for selecting crashes, and 

they all suffered fran problems of methodology which greatly reduced the 

value of their results. A methodologically sound study of motorcycle 

crashes has been carried out in Los Angeles m r e  recently. In the UK, 

in-depth crash studies have centred around the University of Birmingham, 
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ely, the University of LoughborouJh, with support from the Transport 

?d Road Research Laboratory. Gn-scene studies of car crashes are also 

Tried out in Gemny, France, and Finland. 

of the studies reviewed, only nine =re deemed successful, that is, 

ley had defined and explicit objectives, a sound statistical design, 

>propriate analysis, and a substantial final report which could be related 

i the objectives of the study. A number of cannon characteristics were 

kntified which appear to be important for the ultimate success of a 

xdy. Review of these reports shows that they accunulate up to several 

indred detailed case studies which can therefore be analysed 

:atistically. 

For in-depth studies the alternatives are on-scene, or follow-up 

?thcds of study. m e  advantage of the on-scene method is that it gathers 

iformation that changes quickly, but at the expense of out of hours work 

Id time spent on call. 'Ihe followup method has more convenient working 

iurs, at the expense of losing information. The resources required are 

ich the sane for both methods. Reviews in Germany, Finland, and by the 

qanisation for Econanic Cooperatim and Develapnent (OED) have 

?termin& that on-scene crash studies are important and the only method of 

ithering certain types of information. 

This review identified the need for developing a better understanding 

: the crash process, t h m q h  on-scene investigations, and a need for 

mitoring the crash performance of vehicles and the man-made road side 

iviroranent. ?he two functions of developing a basic understanding, and of 

[stem monitoring, can be fulfilled by two complementary system. Detailed, 

wscene studies of urban and rural crashes provide fundamental infonation 

I the crash and the injury processes. Less detailed data m a larger 

mber of crashes can be obtained from a system of augmented police 

?ports. 



Apart fran the recent study of rural crashes arcund Adelaide, there has 

been IX) systematic field study of vehicle crash performance in Australia 

since 1977. There have been considerable social, legal, and cultural 

changes, as well as changes to roads, land use and vehicles. It is 

therefore recamended that a formal progran of mnitorirq road crashes be 

instituted, consisting of on-scene studies of rural and urban crashes, and 

a systen of aqnented police reports frm one or more police jurisdictions. 
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CHRONOLOGY OF ROAD CRASH STUDIES IN AUSTRALIA 
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Adelaide Svdnev Brisbane Melbourne 

I Robetison et a1 

I McLeon et a1 

I 

I Side I m p a c t s  

Jamieson & Tait 
Hospital Admissions 

I j  Jamieson et a1 

1. 
Jamieson et a1 
100 rural crash 

lmpoct 1. Seatbelts & Fatalities 

Ti Impact 3. Child restraints 
j Fairfield. Heavy vehicles, 
! pedestrians, motorcycles (Impact 6.) 

I j  Impact 8. Mot.orcycles 

I Tankers with flammable loads 

Impact 2. Seatbelts & serious Injuries 

I! 
I 

Forward Control Vans 

I Forward Control Vans 
!Rural Study 

Head Injury Study 

. Ryan & Clark, 
! Emwgency Medical 
Services 
Ryan & Baldwin I Seatbelts and Injuries 

I: 

1 ;  
I! , I  I Utility Pole Study 

Rural Single Vehicle 

0 Table 1. 



This report reviews in-depth studies of road crashes reported in 

Australia and overseas. The working definition of in-depth studies 

included research studies where investigators examined vehicles, injuries, 

and the crash site in sane detail, either while the vehicles were still 

present, or after their removal. Sane on-scene studies had follow-up 

elements in their design, but not vice versa. Ryan discussed the 

characteristics of in-depth studies in sane detail 111, while @lcLean traced 

the history and developnt of scientific crash investigations and provided 

a valuable critique of such research up to early 1972 [Z]. Another 

valuable source used was a review of investigations of pre-crash factors in 

the USA, published in 1976 [3]. A third source of information was the 

report of an OECD working party exmining the place of detailed crash 

investigations in the road safety system [4]. In addition to the above 

docments, reports of all field crash investigations that we have been able 

to identify have been reviewed, together with major studies and reports 

from Europe and USA. 

The review has proceeded largely in chronological order, but has 

discussed related studies in one organisation, or geographical area, where 

this seemed logical. 
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IWDEPIH m r F s  IN AUSTRALIA 

Table 1 sets out a chronology of in-depth studies in Australia. The 

jpital based study of 1,000 admissions for traffic injury carried out in 

i2 and 1963 by Janieson & Tait [51, was a precursor to the on-scene stdy 

400 crashes in Adelaide in 1962-66 by Robertson, McLean & Ryan 161, 

tch concentrated mainly on injury causation and vehicle crash 

rfomnce, but which also drew attention to saw pre-crash factors such 

the hazardcus M t U E  of uncontrolled intersections. It was the first 

sly to be designed to provide a representative sanple of crashes. 

The on-scene study in Brisbane by Janieson et a1 [71 fran 1964 to 

i6, added a sociologist to the medical-engineering tea, and a control 

u p  of drivers was interviewed for comparison with the crash-involved 

mp. They were able to shcu patterns of crashes and injuries similar to 

B e  found in Adelaide, but with differences related to the toposraphy of 

? two cities. "hey also danonstrated that crash-involved drivers lead 

res of conflict and turmoil in other areas as well. This study, as well 

the study in Adelaide, was designed to prcduce a sample of crashes to 

ich an ambulance was called. McLean has critically reviewed these 

aies in scme detail and they will not be discussed further here 121. 

'ilot Rural Study 

Jamieson, a neurosurgeon at the Royal Brisbane Hospital, enlisted a 

xlp of medical students in a study of 81 crashes occurring in an area 

lhin roughly 160 Ian around Brisbane during December 1969 and January 

70. ?he criterion for selection was a serious injury-pducing or fatal 

:ident reported to the police. The investigators visited the site of the 
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crash, exanined vehicles, and interviewed the investigating police, and 

drivers, where possible. Injury information was obtained fran hospitals. 

Lack of continuity in personnel in this study, among other reasas, meant 

long delays in analysis of the data and the report was published in 1974 

[SI. It nevertheless danonstrated that it was possible to gather detailed 

information on a sample of rural crashes. 

Melbourne 

For six months from August 1969 Ryan and Clark 191, of Monash 

university, carried out an on-scene study of the emergency medical services 

attendirq 100 traffic crashes in Melbourne. They independently attended 

crashes to which an ambulance was called and recorded details of injury and 

treabnent provided at the scene, and then in hospital emergency 

departments. They found that the longest delays in treatment occurred 

within hospital. There were also mre instances of unsatisfactory care 

provided in the hospitals than by the dulance service. 

Again in Melbourne, in 1971 Ryan and Baldwin [10,11] studied injuries 

caused by seat belts to car occupants admitted to a hospital after a car 

crash. The vehicle was located and emined, but the site of the crash was 

not visited. Tney found that injuries due to the seat belt were associated 

with loose adjusbnent, and faulty buckle placement. This study partly 

influenced changes to Australian Design Rule (ADR) specification for seat 

belts. 

New South Wales 

Tfie Traffic Accident Research Unit of NSW Bpartment of Motor 

hansport in 1973 started a series of detailed studies of various aspects 

of car crashes which, while using a variety of approaches, were always 

- 3 -  
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ltidisciplinary. The first, entitled "IMPACT l", for "In-depth Multi- 

ase Analysis of Crash Traw", was a study of deaths of occupants of 1969 

del year and later cars who were thought to have been wearing seat belts 

21. Notification was by police and the ambulance service. A tern would 

avel to the site, examine vehicles, interview police, drivers, and 

hers, and obtain injury information fran coroners' reports. Data were 

corded on forms based on the NRDCcnmittee on the Challenges of Modern 

ciety (CCMS) Project 113,141. They included crashes up to 250 Ian f m n  

bey. In the 14 months fran February 1973 to April 1974, 126 vehicles 

re exanined. It was found that in general, seat belts worked satis- 

ctorily, but occupant survival could be improved if there was less 

trusion into the occupant space 1151. Part of this same group of cases 

s the source of a report on seat belts and side impacts 1161. 

"IMPACT 2" and "IMPAP 3" ran ShltaneOllSly fran JUne 1974 to July 

75. "IMPACT 2" studied car occupants who were injured and admitted to 

spital and were wearing seat belts. "IMPACT 3" was aimed at identifying 

ildren aged less than 8 years who were achitted to hospital and were 

aring sane form of child restraint. Ihe car also had to have been tcwd 

ay. Notification was through the aanbulance and police in a defined area 

"IMPACT 2" gathered 142 occupants in 127 the western suburbs of Sydney. 

ashes, and "IMPACT 3", 149 children in 122 vehicles. 

It was found that approved child restraints generally performed well 

crashes, providing m c h  more protection than the non-approved devices 

mined 1171. "IMPACC 2" found the same problems of belt tension and 

ckle adjustment as identified by Ryan ard Baldwin 1101. Sane belts 

leased at belcw injury levels of force, due, at tknesi to loading by 

restrained rear occupants. Ihe report included brief sumaries of the 

lses studied 1181. 

- 4 -  



This series of three stu ies Over two and a half years showed the 

development of a method of notification of crashes using police and 

aanbulance services. Sufficient resources were m i t t e d  to enable the 

field team to reach crashes up to 250 km away within a day or two of the 

crash. The criteria used for selection were well defined in operational 

terms. The data collected were appropriate but the analysis leaves one 

with the feeling that the data were under-utilised. 

In October 1976, a new series of field studies started. This was 

k n m  as the Fairfield study after the area of western Sydney around which 

the study was based. This was an on-scene study of crashes involving heavy 

vehicles, motor cycles, pedal cycles and pedestrians. The criterion for 

selection was that an ambulance be called to the crash. A team of 

engineers and behavioural scientists attended the scene of each crash. The 

injury information was obtained fran hospitals as required. The motorcycle 

canponent was called "IMPACT 6". The on scene study ran fran October 1976 

to May 1977, covering 242 crashes. The reports of this study were 

presented as a series of detailed case reports. No attenpt was made to 

synthesise or otherwise analyse the data fran these cases. This was a 

tragic waste of effort, as the study was well designed and executed, and 

would have provided valuable information if analysed appropriately [19,20, 

21,221 . 
During 1978 a further study of mtorcycle crashes involving serious 

injury (admission to hospital) or death was carried out ("IMPACT 8"). This 

was a mixed on-scene and follmp study as it aimed to collect all eligible 

crashes in NSW. The investigators had developed the notification system by 

which police and dulance called an answering service when eligible cases 

occurred, and the investigators were paged inediately. Air transport was 

used to visit distant country areas. Cases fran the IMPACT 6 and IMPACT 8 
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dies were ccmbined in a single report that outlined ccnmnn patterns of 

sh and injury mechanism, found in other on-scene studies (231. The 

luence of the rcad and environment in the on-scene studied crashes was 

ailed in a report by Jamieson [241. This is the only report which deals 

.h all these cases as a whole. It provides some insight into the 

entia1 effectiveness of traffic engineering countermeasures as it was 

ged that in 67 per cent of cases, the applications of such a measure 

Id have prevented the crash. 

In 1979 and 1980 a study was carried out of crashes of road tankers 

rying flamnable loads. using the sinne notification system the team 

ended the scene of the majority of 42 crashes of tankers occurring 

oughout NSW, again using air transport when necessary. Although the 

ber of cases was relatively snall, valuable information was obtained on 

antecedents of the crashes and the crash performance of tankers, 

:luding such factors as lack of stability, design defects, lack of 

ntenance, and lack of braking capacity [25,261. 

In 1985 a study of 15 crashes of forwad control vans which resulted 

death or serious injury was carried out using the ambulance arid police 

:ification systen, plus cases collected by other mans. The author 

minated several cases for reasons which were not easy to understand, 

wing nine for analysis. The most important conclusion was that a 

mtal barrier impact did not reflect the experience of actual crashes 

.ch were usually narrw hpacts (e.g., a pole) or partial engagement of 

! front, both resulting in considerable intrusion into the occupant space 

'I . 
These in-depth studies conducted by the Traffic Accident Research Unit 

w incorporated in the Traffic Authority of NSW) demonstrated consider- 

.e ingenuity in developing notification methcds which can be used for 
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identifyirg specific types of crashes. "he quality of the reports are 

uneven but in general the conclusions relating to engineering factors 

appear to be soundly based. The lack of an integrated report on the 

Fairfield study is regrettable. 

Melbourne 

In Melbourne in 1974, planning began for the Multidisciplinary In- 

depth Accident Study (MIDAS). "his was based in the Health Cmission of 

Victoria, and amse f m n  the work of the Consultative Council on Road 

Accident Mortality. This study was supported by the Health Carmission and 

the Road Safety and Traffic Authority. An elaborate sanpling plan based on 

ambulance calls to crashes was developed to ensure that each accident had 

an equal chance of being selected. The tean sampled crashes on alternate 

weeks, and studied fatal crashes, as well as crashes to which an ambulance 

was called. They also collected data fran a control group of drivers 

passing the site of the crashes studied, twelve months later. There was 

considerable difficulty in obtaining and keeping suitable personnel. The 

field work and major part of the analysis was done by a team consisting of 

a physician (who was also Director), a mechanical engineer, a traffic 

engineer, and a sociologist, together with a research assistant. During 

the twelve mnths fran March 1975, the team investigated 166 cases in the 

ambulance sanple, and 155 fatal crashes, and in the next year interviewed 

308 drivers, riders and pedestrians in the control sample. These n m k r s  

were very close to the prescribed targets in the sampling plan. m e n  the 

data had been coded and the amlysis just begun, the Director left. "he 

present author (GAR) was then asked to oanplete the analysis and to prepare 

a report. The major findings were that mechanical defects to vehicles were 

common in both the crash and the control group, but only rarely were 

- 7 -  
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sted to the cause of a crash [281. Medical conditions, and use of 

scription drugs were more frequently found in the control group than the 

jh group. A rather wide subgroup of males aged under thirty years, with 

education, were found to be over-represented in crashes. This study 

innovative in its sampling plan, and in the use of a control group. 

it was very poorly designed and executed. The lack of continuity of 

:f hidered the developnent of expertise, the poorly defined aims and 

zctives meant it was lacking direction, and only the injection of large 

mts of effort fran external consultants enabled the data collected to 

coded and analysed at all. An enterprise such as this, involving 

?ral disciplines and out of hours wrk, did not sit easily in the public 

rice bureaucracy, exacerbating the abve mentioned problens. The lack 

jirection and continuity also meant that the findings of the study were 

distributed in any systematic way. 

In contrast, the study of crashes involving utility poles by Fox, Good 

' a r t  f291 was we11 designed, with explicitly stated aims. These 

Luded estimating the nunber of collisions with poles in Melbourne each 

r, estimatirg their costs, and suggesting countermeasures, as well as 

,loping a model for predicting hazardous sites. The study team used 

irg services to notify them of suitable crashes, and over eight months 

1976 and 1977 studied 879 crashes, 30 per cent of which resulted in 

JIY. Data were gathered on the vehicle and on the site, with injury 

mnation being obtained fran hospitals. A control group of randanly 

xted pole sites were visited. Canparison revealed that characteristics 

10 per cent of these sites were associated with about half of the crash 

35. A randdy selected group of vehicles at service' stations were 

nined, and it was found that shallower tyre tread and deviations in tyre 

5s- were associated with crash involvement. It was estimated that the 
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annual cost of crashes involving utility poles amunted to $23 million. 

This study was based in a University department of engineering, and 

produced valuable results. 

Adelaide 

The third major detailed study of road crashes in the 1970s was under- 

taken by the Road Accident Research Unit at the University of Adelaide. 

?his was an on-scene study of crashes to which an anbulance was called. It 

built on the experience of the first study in Adelaide and incorporated 

developnts in methodology up to that time. 'Jhio teas, each of engineer, 

psychologist, and medical officer were employed, utilising a relatively 

simple sampling plan, and attended 304 crashes. This was an 8 per cent 

sample, a little below the 10 per cent aimed at. They recorded data in the 

pre-crash, crash and post-crash phases, on the vehicles, road users, and 

road and traffic environment. Photography, often using an overhead mast, 

was used to record vehicle damage, vehicle rest positions and roadway 

markings at the scene. Analysis of the vast amunt of data obtained, up to 

1700 item per case, involved many cross tabulations. ?he results of the 

survey were very detailed, and were presented in 10 volunes: an overview, 

pedestrians, pedal cycles, mtorcycles, aamnercial vehicles, cars, road and 

traffic factors, a slprmary and reaamnendations, a volune of case histories 

of each crash, and a comprehensive code book. ?he findings cannot be 

sumnarized here, but they represent one of the most thorough dwmentations 

of road crashes yet published. ?his is particularly so when canpared with 

the studies in Melbourne and Sydney previously described. It was a 

relatively simple, straight forward design, carried out with appropriate 

attention to detail. The seemingly protracted length of t h e  over which 

the reprts were published is at least in part due to the sheer volune of 

data to be analysed, and ampares well with other studies 130, 311. 
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Comparison with data fran the first Adelaide in-depth study, twelve 

Lrs previously, s h e d  that in the smple of crashes studied there were 

Rr pedestrians and more mtorcycle crashes. m e r  detailed 

parisons *re not possible because the original case files and photo- 

iphs from the first study were destroyed while in the care of the 

kralian Road Research Board. 

This in-depth study was used as a basis for tw further studies. In 

9 roadside breath testing for alcohol was carried out on drivers not 

olved in crashes but smping at traffic lights clase to the sites of 

! 304 crashes. These drivers then acted as a control group in an 

imation of the effect of alcohol on crash involvement [321. men, in 

0, an estimate of the costs of road crashes was made by tracing persons 

olved in the crashes investigated in 1976 and 1977 and detailing the 

lical, property danage, loss of earnings and other costs in the 

ervening period [331. 

The s m e  Unit in 1979-1980 carried out a study of side impacts in cars 

-.ng the towing services as a notification system. The aim was to assess 

the effectiveness of ADFS9. One hurdred cases were obtained and the dQnage 

recorded. Canplter simulations of the impacts were performed using the 

CWLSH I1 and SMAC programs. Analysis of the data stop- in 1980, and was 

re-activated in 1986. A report has been drafted but it is not yet 

published. 

After a pause of sane years, crash investigations r e s 4  in 1984 with 

a study of forward control vans involved in crashes. *is was carried out 

by the NHhMRC Rcad Accident Research Unit, which evolved f m  the above 

Unit, in Adelaide [34]. It also used the towing services as a scurce for 

finding vehicles tawed away f m m  crashes. Thirty-one crashes were studied 

over a five m t h  period in 1984. It was found that intrusion into the 

- 10 - 



front seat occupant space was more frequent than in passenger cars, and 

that there was not sufficient protection from intrusion of ccaoponents in 

front of the front Seat occupants, including the steering wheel. Comnents 

were made about the failure of ADR3 seat anchorages, the inadequacy of bull 

bars, and the nee3 for effective cargo barriers. The field study was 

canplemented by an analysis of injury data from the Motor Accidents Board 

in Victoria showing that the occupants of forward control vans had more leg 

injuries than occupants of passenger cars. 

Current Studies 

Adelaide, NH&MRC Road Accident Research Unit 

(a) Head Impact Reconstruction. 

The aim of this study is to reconstruct head impacts to -Atally 

injured pedestrians and motorcyclists, and ambine this information with 

detailed neuropathological exaninations of brain injury. Each post mrtem 

exanination is attended by a staff menber, and injuries photographed and 

recorded. The vehicles are examined in detail, and the site visited, to 

determine the movements of the pedestrian or motorcyclist at impact. The 

h e h t s  of motorcyclists are obtained for study. Canwter simulations of 

the pedestrian-car hpact are used to obtain estimates of the forces and 

accelerations appli& to the head. These are then correlated with the 

results of the neuropathological examination of the brain, to gain insight 

into the pathological processes of injury. About 150 cases have been 

studied since 1984. 

(b) Rural In-depth Study 

For 12 months from June 1986 a two man team conducted on-scene 

investigations of crashes occurring on roads with an 80+ W h  speed limit 

outside of Adelaide, within a radius of h u t  100 h. These were crashes 

- 11 - 



to hich an armbulance was called, the team being notified by radio or by 

pager. At each scene, data were recorded regarding rest positions of 

vehicles, skid marks, and injuries, and drivers were interviewed briefly. 

Follow up interviews were carried out by appointment. Vehicles were 

exmined in detail, also at a later time. Eighty crashes were cbtained. A 

preliminary report has been prepared, and further analysis of the data is 

continuing. 

Victoria 

The R x d  Traffic Authority is conducting a survey of sirgle vehicle 

crashes on defined roads in Gippslad. The aim of this study is to examine 

the road and vehicle characteristics of single vehicle crashes, a major 

source of deaths in rural crashes. Notification of crashes is obtained 

fran the police and the armbulance service. A site visit is ma& as s m n  as 

possible, the vehicle is located and exmined and a questionnaire is sent 

to the driver. As most drivers appear to be admitted to hospital a blood 

alcohol estimation is available. At each site, the geometry of the road 

and surroundings is mapped and skid resistance measured. Surveys of the 

speeds of passing vehicles are taken and questionnaires sent to a s q l e  of 

these drivers. Control sites will be identified and exmined in a similar 

way. Scme 61 crashes were investigated in the six months to Decenber 1987. 

Data collection will continue until June 1988 [351. 
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I11 IN-DEPIH SlXlDIES IN OTTER COUNTRIES 

McLean reviewed the history of intensive crash investigations in Sane 

detail [2]. Briefly, in 1955 the Road Research Laboratory in the United 

Kingdom began investigating crashes occurring in the area around the 

Laboratory, using a multi-disciplinary team to study vehicle, road and 

injury factors. No attempt was made to obtain a statistically based sample 

of crashes 1361. About the same time J. Stannard Baker began a multi- 

disciplinary study of crashes in Evanston, Illinois, near Chicago, with 

limited success in terms of useful data produced, due to difficulties in 

getting scientists fran different disciplines to w r k  together 1371. In 

1958, Mosely kegan a study of fatal crashes in Boston, based on Harvard 

University Medical School. This study produced evidence of alleged suicide 

and hanicide in a n d r  of instances, amid much controversy, but little in 

the way of useful data [38]. 

These three studies, while not successful in the sense of producing 

numerical data, nevertheless were valuable in demonstrating that scientific 

studies of road crashes were feasible, and that valuable information could 

be obtained by first hand observation at the scene of a crash. Further 

similar studies were undertaken at the University of Michigan [391, where 

they have continued since 1961, and at the University of California, Los 

Angeles [401, with neither group using a formal samplilq method. 

Cornell Aeronautical Laboratory Inc. of Buffalo NY, was the site of a 

number of multi-disciplinary crash investigation projects fran 1966 onwards 

[411. These rather elaborate studies tried techniques such as remote video 

cameras to explore new methods of data gathering at the crash site. 

However, they all suffered fran poor statistical design, confused logic, 

and produced very little of substance for a great deal of effort. 
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A group at the Institute )r Research in Public Safety at the 

tersity of Indiana also carried out a series of multi-disciplinary 

lies, primarily aimed at assessing the role of vehicle defects in crash 

jation [42]. These large studies also suffered fran grave problems in 

Lgn, execution and analysis. This study, and the Cornell studies, are 

iable largely as exanples of mistakes tc avoid. 

In sharp contrast is a study of mtorcycle crashes by Hurt, Ouellet & 

n at the University of Southern California, Los Angeles [431. This 

ly ran over 5 years, was well designed, the field work was careful and 

jcientious, and a very valuable report produced. A formal sampling 

hnique was used, the notification system was closely monitored to 

?nine its performance, and alterations made to ensure a meaningful 

)le. A control group of riders and machines passing the sites of the 

ly crashes was obtained. The conclusions regarding factors predisposing 

involvement in crashes were soundly based on the data gathered. The 

)rt is a very impressive docunent, illustrating that trustworthy results 

only be obtained with good design, field work8 and analysis. 

In the mid 19609, Mackay at the University of Birmingh carried out 

on-scene study of crashes in and a r o d  Birmingham [441. This tern 

mpted to determine the role of h w ,  vehicle and envirormental factors 

A e  precrash phase, as well as the causes of injury in the crash phase. 

; was one of the first studies to follow the Adelaide example of being 

?d on a defined sannpliq plan, so sane confidence could be placed in its 

:lusions. The chief armrig these was that cnnbinations of factors were 

xiated in producing crashes, the h m  and envimmnt being the most 

m. %e injury patterns found were similar to those in Adelaide. 

- 14 - 



Since this study, there has been a continuing serie of studies 

carried out at this unit. The m s t  significant were an on-scene detailed 

study of car and pedestrian collisions 1451 and a follwup study of fatal 

motorcycle crashes [46,47]. These studies elucidated the mechanism of 

injury in scme detail, and derronstrated the comM)17 patterns of collisions. 

~n important element in these investigations was the notification system 

which had been developed over time with the police forces of Bimingham and 

the surrounding counties. The good functioning of this system meant that 

the rate of notification of eligible cases was very high. The unit also 

developed a good relationship with the hospitals, medical authorities and 

coroners, enabling infomtion on injuries to be obtained relatively 

easily. 

In the USA in the 1970's there was a large expansion of 

multi-disciplinary accident investigation teas sponsored by the National 

Highway Traffic Safety Administration. These teas were largely based on 

universities throughout the country, and each investigated 20 to 50 cases 

per year, concentrating on severe crashes. Much information was obtained 

on mechanisns of injury in individual cases. However, due to the lack of a 

sanpling strategy, the uncertainties involved in aggregating the data fran 

different teams meant that it was not possible to place any faith in 

conclusions drawn f m  the data. 

This problem is best illustrated with the NRIC-CCMS international 

accident investigation project. With sponsorship fran the US Department of 

Transportation, a camnon Collision Analysis Report Form was developed and 

used by multi-disciplinary team fran several countries in Europe, UK and 

the USA. Even with intensive editing efforts, the differences in inter- 

pretation of data itens, case selection, and operating procedures were so 

great, that the data could not be analysed in any useful way. The useful 
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:cme of the exercise was the report form, and the realisation of the 

iiculties arising in such an exercise 113,141. 

~ l l  European car manufacturers have carried out investigations of 

;hes involving their own cars, but not on any sanpling basis. Volvo, in 

ien, maintains a continuing study of crashes involving their vehicles, 

)ugh their insurance arrangements [41. 
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Since 1971 there has been developed, in Finland, a network of multi- 

disciplinary teams which investigate all fatal crashes in the country. 

These are based on the police information system, but work independently. 

The focus is on pre-crash variables, but saw attention is paid to injury 

production. In 1978 the system was evaluated, and modified so that each 

team concentrates on a specific type of crash, not all of which are fatal 

149,501. One of the benefits of these teams, it was stated, was an 

increase in awareness of the importance of the various hman, vehicle and 

road environment factors in personnel fran the agencies involved in these 

teams, and an increase in the ability of police to determine the actual 

course of events in crashes, rather than solely attempt to determine who 

was to blame. The review concluded that maintaining these teams had many 

benefits. 

The current pasition with regard to detailed crash studies in Europe 

is that, as mentioned above, on scene investigations are in progress in 

Germany, France, and Finland. In the UK, the Transport and mad Research 

Laboratory, together with the mtor manufacturers is sponsoring two teams 

collecting data on recent model car crashes, one at the University of 

Birmingham, and one at the University of Lmghborough. These are follow- 

up studies, based on police notifications, and concentrating on injury 

causation in the crash phase. Each unit has a set quota of crashes to 

obtain. The reports are sent to TRRL for editing and analysis. Little 

analysis of data is performed by the investigating teams. The intent is to 

obtain an overall sample of crashes which represents the nation as a whole, 

Birmingham being largely urban, and Loughborough, rural [41. 

In the USA the Multi-Disciplinary Accident Investigation (m) teams 

have largely been abandoned in favour of the National Crash Sampling System 

(NCSS) [511. Teams of investigators are stationed at 50 sites around the 
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 try. "hey carry out follow-up studies of police reported crashes, 

lining the vehicles and visiting the site, and obtaining injury 

xmation from medical sources. The sites are chosen to provide a 

lraphically balanced smple of crashes. Then the data is weighted to 

luce MtiOMl estimates, e.g. 10 million car occupants are involved in 

hes annually. However, few of the crashes and injuries are severe, 

.efore the weighting factors for these cases are large, and consequently 

statistical uncertainty is large also. One or two cases can distort 

results remarkably 1521. It is uncertain what use is being made of the 

ighted data, which could be very useful, given its limitations, e.g. 

' two-thirds of personal injury crashes are reported to police. 

The other mass data file is the Fatal Accident Reporting System (FAFS) 

. A staff of FARS personnel in each State process police reports on 
dities, augmenting them with coroners' reports. Again, gross 

'erences in interpretation of data items, and in the content of each 

.e's forms and procedures, limit the usefulness of this collection. 

In Canada f m n  1970-1979 there were 10 MlXI team at universities 

ss the country, carrying out owscene investigations of fatal or injury 

hcing crashes, to 110 particular sanpling plan. This system was changed 

1981 to 10 similar teams carrying out followup studies of police 

xted crashes to a sampling plan intended to produce a national 

mate, after suitable weighting. This scheme has the same drawbacks as 

similar NCSS operation in the USA. However, in Canada, there is m r e  

rormity between provinces in the content and quality of police reports 

I there is between States in the USA. Light truck and van crashes were 

lied fmn 1981-1984, and passenger vans fmn 1985 to date 141. 

It is obvious that in Australia we are fortunate to have the national 

:ralian Bureau of Statistics collections of casualty (hospital 

rssions) data, for which there is no equivalent in the USA. 
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Of the studies reviewed only a few could be deemed successful, in 

terms of having defined and explicit objectives, a sound statistical 

design, appropriate analysis, and a substantial final report which could be 

related to the objectives of the study. The nine studies meeting these 

criteria are listed below in Table 2. 

A ntmber of pints becane evident fran examination of the table. 

Seven of the studies were sited in a university, one in a teaching 

hospital, and one in a traffic organisation. The majority had a time span 

of four or five years. In Hanover this research appears to be ongoing, 

with periodic reviews. Eight of the nine were on-scene studies, all were 

multi-disciplinary. The total swple of cases ranged fran 45 upards. 

Three studies obtained control samples of drivers and/or vehicles. This is 

important for evaluation of precrash factors. The subjects of three 

studies were specialised: motorcycles, pedestrians, and road tankers, 

while the remainder studied all crashes. The Australian studies used an 

ambulance service based notification system, the remainder used the police. 

Characteristics of a "good' study 

After considering the review of previous "in-depth" or detailed road 

crash investigations in Australia and other countries it is possible to 

list the most important characteristics of a study design. mile the 

presence of these characteristics will not guarantee success, their absence 

will make failure a very high probability. Studies that are well designed 

and executed produce valuable results that can be trusted. 
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1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

There must be an identified smpling frame. 

The sampling method must be defined operationally, practical, and 

obtain a specific percentage of the popllation of crashes under study. 

There must be an explicit or implied theoretical base for identifying 

data to be collected, based on known psychological, physiological, 

biological or sociological processes. 

Data items must be defined in objective and operational tern, and not 

be opinion or judgement. 

There must be quality control measures at each stage, to provide for 

completeness and accuracy of data and canpleteness of case identifi- 

cation and collection. 

There should be case review sessions to W i n e  and review all aspects 

of each case to provide a structured narrative or s w r y  which could 

be electronically stored for text retrieval. ’Ihe use of free text and 

keywords has been found valuable in analysis of items or groups of 

items not &. 
For the recording and coding of data, there is m a fair amount of 

agreement internationally on vehicle and injury data: NATD/OXS 

forms, General Motors “long form”; use of the Abbreviated Injury 

Severity (AIS) scale for injury; the Vehicle Deformation Index (MI) 

or collision CErmage Classification (a) for vehicle damage; klta V, 

or Equivalent Barrier Speed or other estimates of impact severity. 

Estimates of severity can be aided by collision simulation programs, 

remembering that the accuracy of the output is determined by the 

accuracy, or otherwise, of the input. 

The analysis and report writing should be done by those who collect 

the data, and do the field work. 
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10. Data processing, analysis, and report writing should take as long as 

the field work to achieve adequate thoroughness, and may even take 

longer. 

Statistical methods used should progress fran simple cross tabulation 

to mre canplex techniques as required. 

11. 

12. Detailed design, preparation, selection and training of staff take 

lmger than imagined. Roughly 1/3 preparation, 1/3 field work, 1/3 

analysis and report writing. 

13. Personnel - professional qualifications are essential, e.g. in 

behavioural sciences, engineering, medicine, psychology. Working in a 

multidisciplinary team takes adjustment. It takes time before a 

professional stops applying the study to his discipline and starts 

applying his discipline to the study. Carmitrnent and motivation are 

important for a long term study. Several studies have had 

difficulties because staff saw the period of the study as an 

interruption to their career. 

14. The details of a study design depends on its particular aims and 

objectives. Therefore the aims and objectives should be explicitly 

stated in as much detail as possible. This statement guides the 

direction, structure, and developnent of the study. Studies may be 

broad and exploratory (Adelaide, Brisbane) or m r e  defined (utility 

pole study, tankers or mtorcycles). 

McLean discusses at length the issues involved in designing and 

carrying out such studies to a successful conclusion. ne ccmnents: p. 

116, "Far fran being a matter of simply going to accidents to collect 

information, an efficient in-depth study demands a quality of planning, 

execution and analysis that is the equal of that in any other research 

endeavour" 121. 
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TABLE 2 

"SUCCESSFUL" IN-DEP'IH STWDIES 

site ~ i m e  organisation '~ype of NO. ~ypes of Criterion Control Authors Reference 
Period study Cases Crash Group No. 

Adelaide 1962-66 Dept. Pathology 
university of 
Adelaide 

on scene 403 all ambulance 

Brisbane 1964-66 Royal Brisbane 
Hospital 

Birmingham 1965-69 Univ. of 
Birmingham 

Adelaide 1975-79 Road Accident 
Research Unit, 
univ. of 
Adelaide 

Birmingham 1973-76 Univ of 
Birmingham 

Hannwer 1973- Medical Univ. 
FDR Hannover , 

Technical univ. 
of Berlin 

on scene 300 

on scene 425 

on scene 300 

on scene 318 

on scene 200W 

all anbulance 

all pol ice 

all ambulance 

pedest. police 

all police 

m 

drivers, 
household 
survey 

vehicles 

no 

m 

no 

Robertson, Ryan, 
Flaean 

Jamieson et a1 

Mackay @I 

McLean et a1 

Ashton 

various 

6 

7 

44 

30,31 

45 

48 



site Time Organisation Type of No. Types of Criterion Control Authors Reference 
Per id Study Cases Crash Group No. 

LOS 1975-80 Traffic Safety 
Angeles Center, Univ. 

of Southern 
California 

on scene 

Sydney 1979-80 Traffic Author--y on scene 
Of NSW 

Melbourne 1976-78 Univ. of 
Melbourne 

900 motor- police riders & Hurt, Cuellet, 43 
cycle motor- & Thcm 

cycles 

45 road pl-3 no Griffil 3 
tankers 

followup 800 car v tow Yes FOX, Good, 
pole service Joubert 

76 

29 



It is often stated, particularly in the American literature, that the 

two main methcds of research into road traffic crashes are the case study, 

in which a few caws are investigated in detail by a multi-disciplinary 

team, and mass data, or analysing aggregations of police accident reports. 

It is obvious from reviewing the literature that this dichotomy holds only 

in North America. In Australia and Europe the successful and useful 

studies have each accumulated several hundred cases, chosen in a systematic 

way, and used sound statistical methods of analysis. 

The distinction should lay, not between case study and mass data, but 

between on-scene and follow-up methods of 'case study'. Attending the 

scene of a crash before the vehicles involved are rerroved has a nunber of 

advantages. Investigators can identify drivers and others involved in the 

events and interview them while m r i e s  are still very fresh. Indeed, 

some people have a strong need to talk, and having a sympathetic, 

interested listener can be quite therapeutic. Information about conditions, 

states, or position of components of the crash can be identified and 

recorded at the scene. This is particularly important if pre-crash, causal 

or contributing conditions are being studied. The destination of the 

injured persons and damaged vehicles can be obtained quickly. h i s  is very 

important for follow-up interviews and examinations. If medical personnel 

are part of the on-scene team, on occasions they can assist the emergency 

medical services in resuscitation measures. A further advantage of 

attending the scene is the insights it can provide into the processes 

involved in events of a crash. This is sanething that does not cane f m n  

studying reports in an office. This educative canponent is particularly 

important for vehicle, highway, and traffic engineers, who normally do not 

see the results of their mistakes first hand. 
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The disadvantages of attending on-scene are relatively few. The work 

is mostly out of normal office hours, at night and on weekends, and 

therefore disruptive of family and social life. It requires scme form of 

notification system which relies on the goodwill and menory of despatchers 

or controllers in an emergency service, and hence needs to be operating 

more or less continuously for long periods for maxirmnn efficiency. The 

system is unlikely to work satisfactorily for short term projects. The 

necessity for m i n i n g  owscene work with followup interviews and vehicle 

exaninations can overload a team at times, invading their free time to a 

considerable extent. 

Whether the team relies on a police or mbulance service for 

notification, the nature of the event is usually not known with any 

accuracy until arrival at the scene. Therefore, many unnecessary trips can 

be made if only one particular type of event is being studied, e.g. side 

iqacts, or pedestrians. This leads to frustration on the part of the tern 

and aisunderstanding and confusion on the part of the emergency service 

controllers, if they do not understand the aims of the study. 

In the alternative method, the ccmponents of the crash are 'followed- 

up' on the next or subsequent days. In this case the notification system 

is largely 'active', i.e. the study team seeks cases that meets its 

selection criteria from police, &dance, or tawing service sources, and 

does not wait to be notified. This method is particularly suitable for 

investigations of particular types of event, e.g. fatal mtorcycle crashes, 

crashes involving late d e l  cars, crashes involving heavy gxds vehicles, 

or of rare events, e.g. passenger bus crashes. The investigations can be 

carried out largely within n o d  office hours, except perhaps for 

interviews of persons involved. However, locating vehicles, drivers and 

riders, and other participants is time-consuning and involved. Locating 
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the site and establishing the pint of impact and rest psition of vehicles 

can present problem when markings have disappeared and no-one is available 

to pint out the important positions. There can also be difficulty in 

obtaining information about injuries, particularly minor injuries, s ~ m e  

time after the crash. 

Therefore, there is a loss of accuracy of information when using this 

method. fiis may not be of importance, depending on the aims or objectives 

of the study. Accurate information about the rest positions of vehicles is 

important if collision simulation prcqraons such as SMAC are to be used with 

any accuracy or confidence in the results. This may be one factor to be 

taken into account when determining which methcd of study is appropriate. 

Tile requirements for vehicles, equipnent, office space, and ccmputing 

capacity remain much the same whichever method is used. 

m e  n m b r  of cases, and therefore, the t h e  required to accumulate 

them depend to a large extent on the objectives of the study, and 

calculations of sanple size and statistical povRr are required to provide 

an indication. 

The choice between on-scene and follarup study method?. really depends 

on the type of event under review and the aims and objectives of the study. 

fie resources and time required are very similar for both. 

The virtue of the in-depth, or detailed, study of crash events is the 

wide range of detailed information which can be obtained. This serves as a 

base for "the productive synthesis of material not previously recqnised as 

related" and for "the open ended observation arid description of p h e m n a  

to discover variables which deductively seen of imprtance" [541. 

Reviews of in-depth crash studies in Germany, and Finland, have 

concluded that they provide essential information that is not possible to 

obtain in other ways. The Finnish report maintains that there are indirect 

- 24 - 



the mads and land use patterns since 1977. fie introduction of randan 

breath testing, and changes to licence conditions for probationary drivers, 

are scnre examples of relevant changes. 

police accident reports provide generally reliable data on the time 

and place of crashes, and on the number and type of vehicles involved, but 

they are poor on detailed injury data, on the extent of vehicle damage, and 

the configuration of the impact. They are very poor on establishing 

relevant pre-crash factors. For these reasons examination of mass police 

accident data is not able to reveal the effects of the changes mentioned 

above, unless the effect is very large indeed. 

If Adelaide were selected as the site for an on-scene study of road 

traffic crashes there would be an unprecedented opportunity to trace the 

effects of the changes outlined above, through the records of the 1975-77 

on scene study and to a much lesser extent, unfortunately, the 196246 

study. These representative samples of crashes would reflect the environ- 

mental changes, as well as changes to the vehicles. A comparison of a 

succession of such samples in a single city would be unique. fie sime 

basic methods of investigation could be used, together with the selection 

of appropriate control groups of drivers, riders and pedestrians, to study 

further specific precrash factors, such as the interaction between driver 

and environment, which has been shown to be important in a number of 

studies 124,311. 

other advantages of Adelaide are that it is snall enowh to be studied 

in this way but large enough to generate enough crashes to pennit maximm 

utilization of the field teans. fie necessary goodwill and cooperation of 

the police, ambulance, and medical services have been built up over the 

past 25 years. fie topcgraphy of Adelaide and its surrounding areas varies 

from flat plains to hilly terrain, fran urban to rural, and includes a 

ncnrber of major highways. 
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On-scene, Rural Study 

The rural study around Adelaide for which field w r k  has been recently 

canpleted, has shown on preliminary analysis several patterns of crash 

events, which are very dissimilar to urban crashes. There is a high 

incidence of vehicles leaving the road for a variety of reasons, often due 

to interactions between driver and elanents in the enviromnt, such as 

gravel shoulders. The severity of impacts is greater than in urban 

crashes. The relatively snall n-r of cases studied (80) means that the 

analysis of individual items of data is limited. Therefore, if additional 

cases were obtained the characteristics of rural crashes could be 

delineated in detail, for the first time. It is suggested that 100 mre 

cases should be studied over a two year period. The notification system, 

the equipnent, and most of the personnel are still in place. It would take 

very little t h e  for this study to be made operational again. Hence, data 

on the crash performance of vehicles wwld be- available earlier than 

fran an urban study. 

An Augmented Police Accident Report 

This study would be similar to the Autamtive Crash Injury Research 

prcgran of Cornel1 University, which operated in the 1950s and 1960s. In 

selected areas and states of the USA, highway patrolmen were trained to 

complete, for every tenth injury-producing crash, an additional form 

describing damage to the vehicle with particular attention paid to signs of 

occupant contact. m e n  an injury occurred the patrolmen took another form 

to the hospital where, by arrangement, injury details were canpleted. They 

also took photographs of the vehicle and the scene. The mnpleted fonns 

and photcgraphs were forwarded to the ACIR headquarters, for checking, 

coding, and analysis. Over the years of its operation, reports fran ACIR 
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benefits in the sense of educating agency personnel and the public about 

the realities of the crash process. The OECD report sets studies of this 

type in an integrated f r m m r k  of action on road safety, involving all 

relevant agencies. It is notemrthy that in Germany, Finland and France, 

in-depth studies are continuing, with periodic review and direction. In 

Australia, they can best be described as sporadic, of limited duration, 

with circumscribed aims, i.e. a series of 'one shot' studies. The best 

value would be obtained f m  in-depth studies if they were part of such an 

integrated system, with the objectives of evaluating present counter- 

measures, and of developing new insights into the crash event process. 
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The foregoing review of research in Australia and other countries 

indicates that the oc-scene study of crashes provides valuable information 

which can not be obtained any other way, and which is essential to 

developing an understanding of the crash process. In addition, there is a 

need for an on-going mnitoring of the crash performance of vehicles and 

the man-made roadside enviroment. 

These two functions, developing a basic understanding and system 

mnitoring, can be fulfilled by two canplementary systems. Detailed, 

on-scene investigations of urban and rural crashes provide fundamental 

information on the crash and injury processes. Less detailed data on a 

larger nmber of crashes can be obtained from a system of augmented police 

reports, modelled on the Autonmtive Crash Injury Research prcgram (ACIR) 

which was conducted by Cornel1 University in the USA fran the early 1950s 

to the late 1960s. 

These two ccmponents would provide a fonnal mechanism for evaluating 

the effects of changes in the construction of vehicles, as well as changes 

in the legal and road environment. At present there is no method of 

detecting the effects of changes in the road-vehicle-driver system, except 

through anecedotal evidence, or fran study of police accident reports of 

injury and fatal crashes. This is a very crude and unsatisfactory method. 

on-scene urban Stcdy 

Apart fran the recent rural crash study around Adelaide there has been 

no systematic field study of vehicle crash performance since 1977, and no 

study of pre-crash factors. There have been changes to the social, 

cultural and legal aspects of Australia, as well as continuing changes to 
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identified, inter alia, the hprtance of ejection as a cause of death, the 

failure of d m r  latches as a prime cause of ejection. and the leading 

causes of injury to car occupants [54-591. Most of the initial safety 

standards for passenger cars evolved fran the work of ACIR. 

An ACIR-type prcgram could be developed in Australia, initially in one 

subsequent developnent should include police district, such as in the ACT. 

police districts in other States. 

Hospital based injury surveillance systems which are being developed 

are not satisfactory for this p u q s e  because, although injury information 

may be accurate, data relating to the injury producing incident is not of 

sufficient detail, nor does it encanpass all persons involved in the crash, 

whether injured or not. ?his is an essential item of information for 

determining rates of injury, e.g. for seating positions. The Federal 

Office of Road Safety Fatal File wercanes sane of these deficiencies but 

collects less information on vehicle crashworthiness than is envisaged in 

an ACIR-type prqran and is, by definition, restricted to fatal crashes. 

Road Crash Monitoring System 

A formal system for mnitoring the vehicle, h m  and enviromntal 

q n e n t s  of road traffic crashes is proposed, consisting of on-scene, 

detailed studies of crashes in urban and rural environments, together with 

less detailed information on a much larger smple of crashes obtained frcm 

the augmented police reports. 

The focus of each ccmpment would change fran t h e  to time as the need 

arose. There would also be periodic review of the functioning and 

effectiveness of each part, and of the whole. The on-scene study would 

have an hportant training function, as personnel fran other organisations 

could be seconded for periods of say, 3 to 6 months, thus providing a 
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continuing SoUTce of expertise for the developnent of methods of crash 

investigation. This team could also investigate crashes of particular 

interest in its own, or other states, e.g. buses, or heavy trucks. 

It is proposed that, in the short term, on-scene urban and rural 

sttidies be conducted in and around Adelaide, to fulfil the hnediate needs 

for information. The aqmented police accident report program should be 

initiated in the short term. Ihe longer term aim should be to develap an 

on-going system for the detailed and canprehensive monitoring of road 

traffic crashes in Australia based on the experience gained in the propos€d 

short-term activities. 

- 30 - 



1. Establish a formal system to mnitor in detail the performance of the 

h w ,  vehicle and road system in crashes, by means of: 

- a program of on-scene, in-depth studies of crashes according to 

the scheme outlined in this report; 

- follow-up studies to investigate particular problems, where 

appropriate; 

an augmented police report system. - 

2. Develop in one police district, an augmented police report system, 

with a view to possible extension to other jurisdictions as part of 

the monitoring system. 

3. In the short tern, condwt a further on-scene study of rural crashes. 

This could usefully be conducted in South Australia to canplement that 

just canpleted. 

4. A third on-scene study of crashes in Adelaide be cmducted to take 

advantage of the unique opprtunity to monitor the effects of vehicle, 

mad, and environmental changes over 30 years. 
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