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The Accident Research Unit at  the Ins titute for Consumer Ergonomics has 
been collecting data on crashed cars and their occupants since 1 98 3 .  
This paper describes the population from which the sample i s  drawn , and 
the techniques used to obtain the sample elemen t s ;  problems in 
identification of the complete sample frame are highlighted . 

The accident population comprises accidents where at  least one vehicle is 
a car less than six years old which has been towed away from the scene of 
the acciden t .  The sample is stratified by accident severi t y ,  
geographical location and time period , and weighting factors are used to 
obtain estimates of parameters of interest in the population . A 
description is given of how the weighting factors are obtained . 
Weighting factors need to be re-calculated for carrying out analyses on 
sub-populations . Tolerance limits for e stimates can also be calculated , 
and examples of these are given , describing the methods used to obtain 
the resul t s .  The methods are shown to be inexact because of the complex 
s tructure of the database and the limitations of the computer analysis 
package in use . Guidelines are given for the type of statistical 
analyses tha t can be validly carried out on this type of data . 

1 .  INTRODUCTION 

The Accident Research Unit (ARU ) a t  the Institute for Consumer 
Ergonomics in Loughborough was es tablished in 1983 . l t  was set up as 
a result of being awarded a large contract to examine crashed cars in 
detail and collect injury information about their occupants , with a 
view to obtaining a sizeable database which can be used for analysing 
vehicle performance and occupant injuries , and the interaction 
between the two in car accident s .  Setting up a large sys tem such as 
this requires a great deal of work; the ARU had to set up an accident 
notification system, establish links with hospital Accident and 
Emergency consultants in order to collect injury informa tion , devise 
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forms for the collection of vehicle and injury data , and develop a 
computer sys tem for the punching , organisation and analysis of  the 
data . Some of this background work has already been described in 
other papers ( 6 , 7 ) 1 ; this paper attempts to explain the complex 
s t ructure of the sample , and the methods used to weight data in order 
to obtain realistic s tatis t i c s .  

2 . THE ACCIDENT SAMPLE 

2 . 1  Sample Frame 

The ARU collects data on accidents which occur in the counties of 
Leicestershire , Derbyshire and No ttinghamshire . l t  also co-ordinates 
a team of accident investigators who collect data in Count� Durham. 

In addition the Accident Research Unit at Birmingham University 
collect identical data in the West Midlands , and they co-ordinate a 
team working in the counties of  Avon and Somerset . This paper does 
not attempt to describe the sampling techniques used by the 
Birmingham team, which are slightly different from those used by 
Loughborough ; however it i s  possible to combine data and carry out 
analyses using all geographical areas . 

The cri teria for an accident to be included in the sample frame are 
that there must be a car , or specified type of light van , under six 
years old involve d ,  and it  must have been towed away from the scene 
o f  the accident to a recovery garag e .  These vehicles are called case 
vehicles , and are examined in detail .  Any o ther vehicles involved 
are called non-case vehicle s ,  and are examined cursorily , if at all . 
De tailed in jury information is obtained for all occupants of case 
vehicles , but no in jury informa tion is obtained for occupants of  
non-case vehicle s .  

Police classify the injury o f  each occupant a s  either fatal , serious , 
slight or not injured . The definit ion of each injury level is : 

Fatal : Death occurring in less than 30 days as a result of the 
accident . 

Serious : Detention in hospital as an in-patient as a result of  
injuries ; death occurring on or after 30 days as a result 
of the accident ;  injuries such as fracture s ,  internal 
injurie s ,  severe cuts and lacerat ions , crushing , con
cussion, severe general shock requiring hos pital treatment . 

Slight : Injuries such as sprains , bruise s ,  cuts judged not be be 
severe , slight shock requiring roadside attention . 

1 .  Numbers in brackets refer to the references a t  the end of  the 
pape r .  
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The accident severity is  defined by the ARU as the injury severity of 
the most seriously injured occupant in any case vehicle . This is  
equal to or less than the police accident severity for any given 
acciden t ,  as the police accident severity is defined as the injury 
severity of the most seriously injured occupant in any vehicle in 
the accident . 

2 . 2 Notification of accidents 

When the ARU was established in 1983 , it  had to set up accident 
notification systems with local police force s .  Different police 
forces have different ways of recording accident reports ;  some amass 
reports centrally at  headquarters , and others keep records at  
divisional or subdivisional level .  Complete computerised records are 
not available until approximately six months after accident dates , so 
ways had to be found of tapping into police manual records . The main 
problem encountered was that police officers do no t consistently 
state whether vehicles have been towed away from the accident scene . 
This was a necessary criterion to have for the accident populat ion, 
as cars could only be inspected in the required detail a t  recovery 
garages ; also i t  tends to eliminate the very low energy accidents 
where no injuries have occurred . In some police forces i t  was 
necessary to ask police officers to provide addit ional information 
for the use of the ARU only . This is  not an ideal situation because 
inevitably some officers forget this information , resulting in some 
relevant accidents being omi tted from the populat ion. The 
notif ication rates range from 50% to nearly 100% in different 
countie s .  

2 . 3  Sampling rates 

Accidents are sampled at different rates , depending on the accident 
severity . Fatal accidents are sampled at  100% , serious at 80% , 
slight at  15% and non-injury a t  10% . 

The effective sampling rate is rather less than these figures because 
not all accidents are notified . Sampling rates are adjusted to take 
account of the notification rate ,  prior to entering data in to the 
computer . This method would cause biases in analyses of the data if 
the accidents which were not notified were themselves biased towards 
a particular type ( for example , predominant ly low speed urban 
accidents ) .  From retrospective inves t igation of the police accident 
bookle t s ,  it appears that accidents which are not notified to the ARU 
occur randomly in the population; there is  no noticeable bias towards 
any features .  l t  therefore seemed jus tifiable to adjust the sampling 
rates , otherwise population estimates of occurrences of events would 
be underestimate s .  

Sampling rates are retrospectively calculated on a quarterly basis 
for each county and each accident severity . 
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2 . 4  Non-injury accidents 

There is a particular problem in obtaining correct notification rates 
in the case of non-injury accidents . This is because police 
non-injury accidents are not computerised , and for many non-injury 
accidents only ver.y brief details of the accident are recorded , which 
often does not include details of recovery arrangements of vehicle s .  
l t  i s  extremely time-consuming t o  manually g o  through every single 
non-injury accident card, so an alternative method is currently on 
trial, whereby a sample o f  one in ten non-injury accident records is 
examined in order to e s timate the total non-injury accident 
population falling within the ARU crit eria . This work is in the 
process of being carried out , so most of the non-injury sample s t ra ta 
do not yet have estimated sampling rates , and therefore most of the 
non-injury accident data are effectively unavailable for analysi s .  
l t  i s  hoped that this situation will be rec tified in the near future 
so that more analysis can be carried out , particularly calculations 
of probability of injury in given situation s .  

3 .  ANALYSIS OF THE DATA 

3 . 1 Sample s tructure 

It has already been mentioned that the sample is s t ratifi ed by 
accident severity. l t  is also stratified by geographical area , 
because the accident investigation team based in Durham do not 
investigate non-injury accidents , and investigate a smaller 
proport ion of slight accidents . There is also some evidence to 
suggest that the accidents occurring in the three local counties are 
dissimilar because of the different mix of road types . 

Effectively, because of the way the sampling rates are calcula ted ,  
the sample i s  also stratified by quarterly time periods . There i s  no 
particular intention to vary the sampling rates over time , but i t  
happens because the no tification ra te varies over time . l t  would be 
difficult to justify calculating sampling rates to cover the whole 5 
year (and growing) period of data collection when rates have 
fluctuated considerably within that period . 
The sample is no t only s tratified , but also clustered. When 
analysing data at vehicle or occupant leve l ,  i t  must be remembered 
that the vehicle (or occupan t )  was not individually sampled , but was 
selected because the accident was sampled .  This can cause extra 
variance in the data because of homogeneity of vehicle and occupant 
characteristics within one accident . The clus tering effect 
complicates the calculation of statist ics , and many can be calculated 
only approximately . 

3 . 2 Weighting factors 

Much of the analyses carried out on the database are simple 
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descriptiv� f requencies and cross-tabulations of  occurrences o f  
events . I n  order t o  produce meaningful statistic s ,  i t  i s  necessary 
to weight the sample so that it resembles the population from which 
it came . There is little value , in most case s , in producing a 
frequency dis tribution directly from the raw sample figures „ because 
any events occurring in fatal or serious accidents will be over 
represented because of the higher sampling rates . Table 1 gives an 
example of the difference that can occur between raw and weighted 
sample data . 

Table l :  Frequency distribution of delta-V : 
Comparison of weighted and unweighted data 

Delta-V(kph) Unweighted Weighted 
N i. N % 

0-20 101 2 1 . 0  557 2 9 . 9  
21-40 242 50. 2 941 50 . 5  
41-60 101 2 1 . 0  285 1 5 . 3  
61-80 28 5 . 8  67 3 . 6  
81+ 10 2 . 1  15  0 . 5  

TOTAL 482 1863 

lt can be seen that low energy accidents are under represented in the 
unweighted sample , with the percentage of vehicles with a change in 
velocity of less than 20kph increas ing frum 2 1 . 0 %  to 29 . 9% when 
weighting fac tors are applied . High energy accidents with a change 
in velocity of over 40kph decrease correspondingly from 28 . 9% to 
1 9 . 4% .  

The weights which are applied to the data are calculated as 
l / ( sampling frequency) for each stratum; that i s ,  there is a 
different weighting factor for each accident severity , county and 
quarter . Sample frequency counts can then be multiplied by the 
weighting factors to obtain a population estimate . 

lt should be emphasised that the estimate i s  of  the number of towaway 
accidents involving cars of less than 6 years old in the sampled 
counties ,  not in Great Britain as a whole . Research is currently 
in progress on finding a valid method of estimating national figures 
from this sample ; a probability based estimate would not be val i d ,  
because the sampled areas were not selected at random, but were 
chosen to represent a mix of urban and rural areas . 

The weighting factors described above differ from weighting factors 
as described in s tatistics text books , and can only be used as a 
multiplicative factor for estimating population values . A different 
set of weighting factors are needed for calculating error estimates 
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such as variances and confidence intervals.  These weights are 
defined as 

w ·  = Bi. 
� N 

where Nj is the population of stra tumj 
and N is the total population . 

It  can be seen that 
h 

L Wj = 1 
.j m l  

where h � number of strata in the sample . 

3 . 3  Es timates of sample variances 

( 1 ) 

( 2 )  

I t  is always beneficial to calculate tolerance limits for population 
estimate s ;  this gives some indication of how reliable the estimate 
is . The formulae for variances (and therefore s tandard errors and 
confidence intervals ) are much more complicated in a complex sample 
such as the ARU sample than in a sample obtained by simple random 
sampling . The es timates of variance tend to be approximate , as they 
rely on certain assumptions about the data; deficiencies in the 
sample frame such as the retrospective calculation of sampling 
frequencies , and the estimation of non-injury s tratum population s ,  
ought t o  be considered when calculating errors , but are not currently 
taken into account because of the complexity of the theory . 
For a stratified population , the variance o f  a population estimation 
X is defined as , 

var(X)  = var (Np ) 

where N 
p 

h 
W· 4 

P ·  „ 

f.: 
n ·  L 

h 
"' N2 LW.: 2 ( 1  - f� )p� ( 1  - p� ) 

�l n-. - 1  

= total number o f  members o f  population 

( 3 )  

• proportion o f  population possessing charac terist i c  of 
interest 

= number of s t rata in sample 
= weight of s tratum 
= proportion of population in stratum possessing 

characteristic of interest 
= sampling frequency in stratum 
= number of sample elements in s t ratum 
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This formula is sufficient to give variance estimates for variables 
at the accident level ( that i s ,  where there is no additional variance 
caused by sampling clusters ) .  However there are few variables a t  
this leve l ,  and they are not of  intrinsic interest apart from 
comparing them to national s tatistics . The variables available 
include time and . date of accident and speed limit and road class at 
the accident scene . 

Mos t  population estimates of  interest would be at  the vehicle and 
occupant level; the variance equation for such an estimate takes into 
account the intracorrelations of elements within clusters . The 
variance equation for a population estimate in a clustered sample 
(not s tratified ) is given by : 

var ( X )  = N2 ( 1  - f )  
zZ 

a a a a 
a [L_l'.(ZI(+ p2 � zJ  - 2p �  �zte.2 1 

(a - 1 )  olml �-1 �-1 

where a = number of clus ters 
2- = number of elements in cluster 
J;\i( = proportion of  population in cluster possessing 

characteris tic of interest 
a 

z = � ze<. total number of sample elements 

p 

f 

oc.-1 
proportion o f  population possessing characteristic of  
interest 
sampling frequency 

To obtain the variance of a population est imate in a clustered 
stratified sample , the two equations (3 and 4 )  have to be combined 
such tha t ,  

h 
var (X) = L w.: 2var (X-:, ) 

tml  ( 5 )  

(4 ) 

where var (X� ) is the variance of  the clustered population es timate 
of s t ratum i.. 

By contras t ,  the variance of  a population es timate in a simple random 
sample is : 

va r(X) = N2 ( 1  - f )p( l - p) 
(n - 1 )  
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3 . 4  Computing sample variances 

lt has been shown that the equation for calculating the variance of a 
population estimate is extremely complicated . The statistical 
package used by the ARU for data analysis is  SPSS . l t  is not an easy 
task to calculate . the variances using this package ,  as the main use 
of the statistical procedures is to aggregate over all case s ;  it has 
not been designed to easily manipulate numbers OVer Strata or 
clusters . In order to calculate the standard errors o f  the popu
lation estimates for one variable taking f ive possible values , over 
60 lines of computer code were needed . This variable was a t  the 
accident level so no clustering effects were present ; variance 
calculations at the vehicle and occupant level would require even 
more code . The results of the calculations ,  demonstrating the 
magnitude of standard errors are given in Table 2 .  There are some 
computer packages available which are des igned specifically for the 
analys is of complex survey data (see 10 ) .  The ARU were no t aware 
of their existence when the SPSS computer system was developed; 
however , they may well prove to be superior tools for the analysis o f  
the ARU data i n  the future . 

Table 2 :  Distribution of  speed limit in force at accident scene 

Speed limit N Standard 9 5% Confidence 
(mph) error Inte rval 

30 1606 7 5 . 4  1458-1754 
40 5 5 2  4 8 . 6  4 5 7- 647 
5 0  130 2 9 . 2  73- 187 
60 938 66 . 5  808-1068 
70 4 70 4 9 . 3  373- 567 

lt can be seen that the more frequent the occurrence of an event , the 
lower the standard error of the population estimate i s ,  and the 
tighter the confidence interval. The s tandard errors range from 
about 5% to as much as 20% of the population estimate for the less 
frequent occurrence s .  This implies that interpretation of results 
from this database should be carried out with caution , particularly 
when analysing infrequent events . Analysing sub-samples of  the data 
introduces further sampling errors;  if  the sub-sample does no t 
coincide exactly with strata boundarie s ,  weighting factors must be 
re-estimated to take account of the s tructure of the sub-population 
( s ee 5 for details of the methodology) .  

Table 3 shows the magnitude of S tandard errors for the same variable 
as the previous example , but for the sub-population of cars which 
rolled over in the accident . 
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Table 3 :  Dis tribution of speed limit for sub-population of vehicles 
which rolled over 

Speed limit N S tandard . 95% Confidence 
(mph) error Interval 

3 0  3 2  3 1 . 1  o- 93 
40 41 12 . S  16- 66 
50 8 1 1 . 3  0- 3 0  
60 132  4 1 . 0 52- 2 1 2  
7 0  165 50 . 2  67- 2 6 3  

The sub-population contains approximately 10% of the total 
population ,  with a very different distribution of speed limits ; many 
more rollovers occur on roads with higher speed limi ts . The lowest 
s tandard error is approximately 30% of the population estimate , the 
highes t  i s  more than the estimate . l t  would appear from this that i t  
i s  of  little value to give population es timates a t  all for infrequent 
events in small sub-populations . The best that can be said is that 
the event does occur . The only exception to this is when analysing 
sub-populations o f  exclusively fatal cases , where the sampling 
frequency is one . In these cases , there is no sampling error , so  
the results can be interpreted with confidence . 

l t  is not practical to carry out variance calculations for every 
population es timate made because of the time taken; error estimates 
are made only for important or controversial resul t s .  

To simplify the calculations , the ARU have decided to treat the 
vehicle level variables as though they were not clustere d .  The 
average number of vehicles per accident is only 1 . 13 ,  and there seems 
to be some precedent for ignoring clustering eff ects when the average 
cluster size is less than about 1 . 2  (5 , section l l . 3A) . 

There are several methods of  e stimating various measures for both 
linear and non-linear estimates of  the population parameter of 
intere s t  in complex samples .  These vary from the conceptually simple 
method o f  random group s ,  which involves taking several samples from 
the population and computing the sample variance amongst the several 
estimates o f  the parameter of interest , to highly complex 
ma thematical estimates of variance for non-linear estimates based on 
approximating the non-linear function by a linear function using 
Taylor series . Six methods are described and explained clearly in 
Wolter ( 10 ) .  The drawback with the methods as far as the ARU 
database is concerned is that those relevent to the ARU sample 
structure tend to rely on the population being well defined . This is 
not the case with the ARU , as has been described in section 2 .  
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3 . 5  S tatistical inference 

Analytical statistics measure relationships between variabl e s ;  
examples 3 are regression analysis , analysis of  variance and 
discriminant assumption of simple random sampling , although this is  
often no t explicitly stated . Large samples are almost invariably not 
simple random, but are complex designs such as clustered or 
stratified . Statistical analyses are frequently carried out ignoring 
the requirements of simple random sampling , because there are no 
o ther techniques available .  The theory has no t been develope d ,  
mainly because o f  the severe problems of  distribution theory in 
complex samples . S tatistics such as means and regression 
coefficients of probability samples are likely to be good estimates 
of the population values , but the standard formulae for error terms 
derived under the assumption of simple random sampling are likely to 
result in considerable underestimates .  As in illustration , one US 
survey ( 2 )  estimated that variances in their complex sample were 
2 to 3 times larger than those calculated under the assumption o f  
simple random sampling . 

The differences do not appear to be as large in the ARU ' s  dataset;  
calculations have been carried out to  estimate the standard error 
term for the population estimates for a variable under the 
assumptions of simple random sampling , and of s tratified sampling . 
The results are shown in table 4 .  

Table 4 .  Comparison of standard error terms under the assumption of 
stratified and simple random sampling 

Speed limit N Standard error S tandard error 
(mph) ( s trat i fied ) (SRS ) 

30 1606 7 5 . 4 47 . 9  
40 5 5 2  48 . 6  37 . 4  
5 0  130 29 . 2  1 6 . 0  
60 938 66 . 5  40 . 2  
70  470 4 9 . 3  3 0 . 2  

The variable used i s  the same as in previous examples : the estimate 
for number of vehicles involved in accidents in differing speed 
restrictions. The ' correc t '  standard error terms are between 1 . 3 and 
1 . 8 times greater than those calculated under the assumption that the 
sample was simple random. The implication is that for more complex 
analyses of the data , where the statistical theory assumes a simple 
random sample , any error terms calculated ought to be at least 
doubled in order to take into account the complex nature of  the 
sample ; again caution is urged in the interpretation of the results .  
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E stimates of variance can be made using the methods described in the 
previous section; however , as already s tated , because the population 
is not well defined, it is difficult to apply these methods to the 
ARU sample . 

lt is  not recommended in the literature to carry out significance 
testing on large samples , especially when the null hypothesis is of 
zero difference , i . e .  of no relationship . If the sample is large 
enough , then the weakest relationship can appear statistically 
significant if tested. lt is more useful to concentrate instead on 
measuring the magnitude of relationships , together with measures of 
the variance of the es timate s .  

In the ARU database , the best that can be done is to use standard 
statistical theory , but to be aware that variances calculated are 
likely to be underes timates , because of the nature of the sample.  

4.  OTHER PUBLISHED SURVEYS 

The National Crash Severity Study collected data on crashed cars and 
vans and thei r occupants between 1977 and 1 979 . The structure of the 
sample was very similar to the ARU sample - i t  was s tratified by 
accident severity , and data at the vehicle and occupant levels were 
clus tered . 

Two reports were published (8 , 9 )  giving frequency distributions 
of the variables investigated; there was no attempt at analysi s ,  and 
the size of the sampling errors was not stated . A third report 
(2)  gave very comprehensive details of all the assumptions behind 
the s tatistical theory, and did give estimates of sampling errors ,  
and demons trated how they were calculated . 

Many other papers describing accident investigation results give no 
such background detai l ,  and it is therefore difficult to appreciate 
how relevant the results given are to the accident population as a 
whole . Several papers exist (for example , 3 )  which give details 
of case s tudies of a particular occurrence . While these are of 
intrinsic interest and value , it would be even more interesting to 
s tate how the case s tudies were selected, and approximately how often 
and under what circumstances the event would again occur . Some other 
papers ( for example , 4 )  give details of the results of a sample 
survey , but give no information on the structure or representative
ness of the sample . Again , it would be of more value to give some 
detail so that deductions could be made on the relevance of the 
results to other si tuations . 
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5 .  CONCLUSIONS 

This paper has described the structure of the database on crashed car 
and occupant injury details ; it is s trat i f ied by three variables and 
also clustered. The identification of the sample frame is impreci se ,  
mainly because o f . difficultie s in identifying towaway accidents . 
However , a good estimate of the complete population can be obtained 
retrospectively ,  so weighting factors can be calculated , in order to 
estimate the frequency of occurrence of accident events in the 
population. Research is currently in progress to identify techniques 
to estimate results for Great Britain from the populat ion estimate s ,  
which currently represent only seven out o f  a total o f  6 6  counties . 

Variances ,  s tandard errors and confidence limits can be calculated 
for population estimates , but the formulae are complicated and only 
approximate . Error calculations are carried out only when results 
are marginal or controversia l .  l t  is  not stric tly correct t o  use 
analytical techniques such as regres sion analysis on the data because 
these techniques were developed using an assumption of simple random 
sampling . Howeve r ,  because there is no theory available to cope with 
complex samples , these methods are used with the understanding that 
error terms are likely to be underes t imates . 

Some published research papers in the accident field give details of 
sample structures , and how representative of a given population 
results may be , but others give little or no information. lt is  
urged that all papers giving results of sample surveys publish this 
information so that readers can infer the relevance of result s .  
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