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topics and include network flow and op-
timization algorithms, linear program-
ming. and linear optimization.
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INTRODUCTION

Traffic accidents resulting in death

and injury are a worldwide probleni.
and are not limited to just those nations
with advanced highway systems and

high vehicle ownership rates. But
global statistics on accidents are less

exact than might be expected. The rea-
sons for this lie in the different ways
information concerning accidents is re-
ported, collected, and processed in dif-
ferent national and state or local
jurisdictions.

Traffic accident data are collected
and processed by police and highway
agencies throughout the world, but the
methods, or protocols, for such collec-
tion have been developed rather in-
dependently. This makes direct com-
parisons among countries difficult, and
presents obstacles to summing data
over two or more jurisdictions. Such
independent development may also
lead to variation or inconsistency in
setting rules for lralfic operations or
standards for manufacturing. Both of
these areas - operating rules and stan-
dards - can have a significant impact
on accident and injury rates.

ln an effort to better understand the
current nature and extent of the prob-
lem, a project was undertaken at
UMTRI to document the state of acci-
dent reporting in many parts of the
world, particularly as it may be applied
to the development of vehicle ntan-
ufacturing or performance standards. In

addition to collecting and reviewing a

considerable amount of literature, di-
rect iontact was made with govern-
ment, industry, and academic research
communities concerned with accident
investigation and data processing in
America, Europe, and Australia. The
emphasis in these interviews was on

in-depth methodology, but information
was also collected about police-
reporting methods in a number of
countries.

Numerous countries have fostered

the operation of in-depth or multi-
disciplinary accident investigation pro-
grams, generally focusing on a subset

or sample of all accidents. While there
is much variability in the data resulting
from police reports, in the in-depth pro-
grams there is a greater opportunity for
international standardization. Indeed,
there is nearly worldwide common use

of injury scales and, to a more limited
extent, vehicle damage scales. There is

an awareness nearly everywhere of the

need for following strict statis_tical pro-
cedures in acquiring in-depth data if
they are to be used for drawing national
inferences. but the methods for im-
plementing such procedures vary from
country to country. Most in-depth pro-
grams select accidents for further in-
vestigation from the collection ofpolice
reports. so that non-representativeness
in the police data may be reflected in the
in-depth collection.

The scientific community is both
aware ol the variability of reporting and

in general agreement that something
shoLrld be done about it. The World
Health Organization (WHO), for ex-
ample, sponsored a conference in
Vienna as long ago as 1975 at which the

ttrpie rrl'irccident data consistency was
discussed at length (World Health
Organization 1975, 1976). Solutions
were proposed, but these have evolved
very slowly.

The general recommendation of the
confercnce was that public health
epiderriologists - i.e., those scientists
studying all the elements contributing
to the occurrence or non-occurrence of
traffic accidents and injunes - should

carefully examine the extent to which
coding conventions, underreporting,
and misreporting affect the national sta-

tistics. Although there are a few analyt-
ical adjustments possible (for example,
increasing the fatality estimate for those

countries which only count immediate
deaths), the serious analyst must do

much more than that to make useful
intemational comparisons.
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CURRENT STATUS OF
INTBRNATIONAL
STANDARDIZATION

European Cooperation on Safety
Regulations

There are presently two international
organizations through which coopera-
tion on European safety regulations has

been established. They are the United
Nations Economic Commission for
Europe (ECE) and the European Eco-
nomic Community (EEC). The ECE
regulations are recommendations for
member countries, but the EEC di-
rectives are mandatory. The EEC has at
present eleven member countries: Be-
lgium, Denmark, Federal Republic of
Germany (West Germany), France,
Greece, Ireland, ltaly, Luxembourg,
the Netherlands, Spain, and the United
Kingdom. Nineteen countries belong to
the ECE: all the countries of the EEC
except Ireland, and in addition, Aus-
tria, Czechoslovakia, Finland, the Ger-
man Democratic Republic (East Ger-
many), Hungary, Norway, Romania,
Sweden, Switzerland, Spain, and
Yugoslavia.

Through the ECE, 53 safety regula-
tions have been enacted, while the EEC
has been responsible for 46 regulations.
Not all of the regulations have been

adopted by all of the ECE member
countries, but, for example, Sweden
has adopted 37 of the 53 regulations
(Gustafsson et al. 1984).

Mass Accident f)ata
Standardization Efforts

ln 1975, the European Motor Vehi-
cle Symposium was held in Brussels,
with attendees from the EEC member
countries, the United States, and Japan.

At this meeting, the establishment of a

uniform system for accident data
reporting and recording within the EEC
was proposed with funding from the

EEC and the member states (Andreasen

I 975) . The proposai included a 3-5 year
time frame for creating the system. The
goal was that EEC member countries
would report annual information on
road accident statistics usins a standard

format including vehicle and injury in-
forniation. A similar and more recent

proposal was made by Ercoli and Negri
(1985) at the International Meeting on

the Evaluation of Local Traffic Safety

Measures. They indicated that the

standardization proposed in 1975 had

certainly not been achieved.

In-depth Accident Investigation
Standardization Activities

The U.S. National Highway Traffrc
Safety Administration (NHTSA) spon-

sored a group of accident investigation
programs in NATO countries in 1913
(Sethness et al. 1973). An accident re-

port form was developed, based largely
on the General Motors (GM) Long
Form. and accident investigation ac-

tivities were implemented in six Eu-

ropean countries. This activity brought
the Vehicle Damage Index (VDI,
which in the U.S. has now evolved into
the Collision Deformation Classifica-
tion, or CDC), the Abbreviated Injury
Scale (A I S ), and other conventions into
common use in the European comtfru-

nity. While the NATO program op-

erated for only a short time, there are

remnants of it in several in-depth pro-

grams currently operating in Europe.

In the U.S., the National Accident
Sampling System (NASS) was de-

veloped as a means to make national

estimates of accident and injury
frequency-a task which was difficult
using data from the variety of police
reporting systems. While data in the

NASS are not as detailed as in some

previous Multidisciplinary Accident
Investigation (MDAI) programs, em-

phasis has been placed on recording
injuries and vehicle damage precisely,
while maintaining a proper statistical

sampling procedure to represent the na-

tion. In most other countries, the in-
vestigation team's location has been de-

termined by availability of personnel,

and statistical sampling procedures are

used within such a non-randomly-
chosen location. There is relatively lit-
tle formal coordination among nations

in these in-depth programs, but there

are many similar procedures evident.

Fatal Accident Reporting
Fatal traffic accidents constitute a

special subset ofall accidents, and data
about them are important to program
planning. In the U.S., a national fatal-
ity file, the Fatal Accident Reporting
System (FARS), has been created in a
common format, relieving the prob-
lems occasioned by differing state
reporting formats. Australia, another
country with many different internal
reporting methods, has taken a similar
step in creating a national fatality file.
Canada, on the other hand, has encour-
aged the various provinces to develop
similar reporting formats, and is able to
have a reasonably consistent national
accident file with fatal accidents as a

subset. Most other countries considered
in this study have their own national
reporting forms, and thus the fatal acci-
dent data are available as a subset of the

national accident file. But no two
countries in Europe have accident re-

port forms that are identical, and most
ar"e quite different in detail (Ercoli and

Negri 1985).
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lrr l()(r(). rlre Nirrt'tt'e rttlt \\'orltl
Hclrlth,\sscrtthlr rrskctl tlre \\'orltl
llcalth Olslulzrrtiorr t\\'ll( )) lo irr

vestigltc thc issuc ol tlrrlli. uccitlcnl
reserrch on an inlcilrittitlnill ltltsis.
Bused on this lcclucst. l rlr-rcsli()nnirire

was sent in 1969 to the rnelnber coun-

tries. The information requested in-
cluded the following:

l. The definition of a fatal accident
as used in the particular country
and reporting procedures for fatal
accidents.

2. The threshold for reporting a non-
fatal traffic accident.

3. For both fatal and non-fatal acci-
dents, identification of the agency
recording the data, the agency com-
piling the data, and the types of sta-

tistical reports and their frequency.

4. Information about spec-ial accident
investigations or studies. -and theil
coverage (geographical, popula-
tion, etc.).

5. Information about the circum-
stances of the accident, type and

severity of injury, severity of acci-
dent, place, time. and characteris-
tics of those involved.

( o111lr11'1111 questionnaires were re-
t r'ivctl lront (t I nrember countries,
sllrtcs. luttl tcrritories.

'l lrc tltrcs{ion lbout definition of fatal
Ltt t irlcnt lntl threshold time applied
orrlr to uccidents causing death either
irnnrcrliatcly or within a specified time
pcriocl. The ntost common definition is
rr 30-day-l'ule lor fatal accidents as re-
portcd by twelve countries. Somewhat
sr"rrprising is that ten countries indicated
no limit at all. The agencies involved
are most commonly police, followed by
hospitals, out-patient services, and in-
surance companies. Note that in 50
countries police are recording fatal
accidents, but notification of fatal acci-
dents lor statistical purposes occurs in
only 35 ofthe 6l counrries. The survey
found that the number of countries
publishing statistics was remarkably
high: 52 out of6l publish fatal accident
statistics; the respective number for
publishing non-fatal accident statistics
is 46 out of 6l .

International Accidenl
Investigation Workshop:
NATO-CCMS T973

At the International Accident In-
vestigation Workshop, held in Brussels
in 1973, representatives of several
countries presented their views result-
ing from the project on in-depth acci-
dent investigation methodology and
standardization organized by NATO
and its member countries. Initially,
nine countries showed interest in work-
ing in the project (Belgium, Canada,
France, the Federal Republic of Ger-
many, Italy, the Netherlands, the
United Kingdom, rhe United Srares,
and non-NATO member Sweden as

observer). The following is a summary
of proposals and statements made by
several contributors at the meeting.

The Italian report (Franchini 1973)
proposed to shorten and restructure the
original NATO-CCMS accident reporr
form into the following four separate
forms:

One form on location and accident
types, filled in by police. '

One form on damages suffered by
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the considered vehicle, filled in by a

technical report team.

One form on damages suffered by
the other vehicle if applicable,
filled in by a technical report team.

One form on injuries occurring to
each occupant, filled in by both a

technical report team and a medical
team.

A modified NATO Collision Analy-
sis Report Form (CARF) was presented
by the U.S. team. The modifications
were based on the international
cooperation and comments from other
teams throughout the project duration.
The new CARF is based on the ori_einal

developed by the U.S. from the pro-
tocol used in the Multidisciplinary
Accident Investi-gation Program.

The Swedish report (Bohlin and
Samuelsson 1973) proposed uniform
codin-e, and suggested data elements in
three in-depth accident recording areas:

accident type, driver behavior, and
vehicle movement.

U.S. Programs
In the U.S., the National Highway

Traflic Sa[ety Administralion
(NHTSA) had defined and supported
three levels of accident investisation
beginning in the late 1960s. These were
loosely defined as:

Level I : Police investigations lead-
ing to collections of what is gener-
ally considered mass accident data.

Level 2: A variety of programs
lying between the Level I and
Level 3 extremes (an early example
was the Calspan ACRS program).

Level 3: Rather complete individ-
ual studies conducted by in-depth
or Multidisciplinary Accident In-
vestigation (MDAI) teams.

In the early 1970s, under NHTSA
sponsorship, several efforts were
funded to do tri-level investigations -notably at Calspan, and to some extent,
at The University of Michigan and

other sites - and to develop compat-
ible data sets at all three levels. It was

intended that the tri-level programs
would include a census of police-
reported accidents for some geographic

region of interest. a representative sam-

ple of accidents investigated in modest

detail. and a selection of MDAI cases

with great detail. Sampling methods
were relatively informal, but there were

many analyses conducted with such
data.

As the new federal safety agency

began its work in 1966, there was much

variation in police accident reporting
even within individual states. One of
the safety agency's earliest programs
promoted the within-state standardiza-
tion ofpolice accident reporting, and by
the mid-1970s nearly every state was

internally consistent in report format.
Among states, however, there was still
much variability. Although many codes

had been standardized through the work
of National Safety Council committees,
there were evidently differin-s inter-
pretations of the rules.

NHTSA assisted in sponsoring the

work of the American National Stah-
dards Institute (ANSI) D-20 committee
which formulated a set of recom-
mended codes to be used by the various

states. But chan-Qes in accident report-
ing protocol and the forms used by the

police are infrequent, and still depend

heavily on Iocal issues. Consequently,
the U.S. has little capability to aggre-
gate police-reported accident data
across state boundaries because of the

differences in data elements, the dif-
ferences in reporting thresholds, and

local differences in interpretation and

application of the written rules.

-

EXPERIENCE IN OTHER
COUNTRIES

Many countries are less state
oriented, and have had common report-
ing forms at the national level for many
years. The U.K. traffic accident report-
ing form (STATS-19), for example,
has been modified from time to time,
but a single version is in use throughout
the U.K. The member countries of the

ECE and EEC, as well as South Africa
and Japan. have common reporting
methods within each country. The Eu-
ropean countries, especially the mem-
bers of EEC, have encouraged joint
international effons for common acci-
dent reporting systems through the
organizations, committees, and work-
ing groups within the ECE and EEC.
Australia, and to a more limited extent,
Canada, however, have variability
comparable to that in the U.S., with
each state or province having its own
unique reporting method.

ASia

Andreassend (1982) reviewed the

accident reporting systems of twelve
developing Asian countries: Bang-
ladesh, Hong Kong, India, Indonesia,
Iran, South Korea, Mdaysia, Pakistan,
the Philippines, Singapore, Sri Lanka,
and Thailand. ln each of these countries
an official repo( form is used for acci-
dent reporting and investigation.

European Countries
The research by Ercoli and Negri

(1985) compared the present forms
from Belgium, Denmark, France,
Italy, the Netherlands, Portugal, Spain,
Sweden, the United Kingdom, West
Germany. and Yugoslavia.

A resemblance index was developed

- a sort of conelation coefficient tell-
ing how alike or different any two
forms are. The highest value was the

index between Spain and Portugal - a

value of 0.24. The lowest value was

0.05 l2 for the comparison of the
Netherlands and the United Kingdom.
The only data element values common
to all eleven forms were those related
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to time and date of occurrence of the

accident.
The authors suggested that a com-

mon form might be accomplished as a

set of core data to be collected in every

country, with each country free to add

other variables as it desired. They sug-

gested five groups of information:

1. Identification
2. Scene, conditions, environmental

circumstances
3. Vehicles involved
4. Data relative to the drivers andior

pedestrians involved
5. Post-accident effects to persons

EEC Member Countries
Andreasen (1975) compared the

accident reporting forms of the nine

European EEC member countries with
respect to the following categories:

availability of data on accident factors,
unit factors, and human factors.

Four of the nine EEC member
countries (Belgium, Denmark, Ireland,
and the Netherlands) have adopted the

ECE accident-type category definitions
as such. The other five have combined

some accident definition categories into
broader categories. In many countries
the broad accident categories are

further broken down in greater.detail.

Andreasen points out that there are

"crucial differences between the var-
ious countries in classifying individual
accidents" to the ECE categories.
Other European countries, e.g., Fin-
land (VALT 1984), have adopted the

ECE accident-type categories in a

slightly modified form.
In the EEC countries, types of units

involved in accidents are well reported,
the only unclear issue being the criteria
for differentiating between light and

heavy trucks. But only two countries

record the road type, and this of
primary importance for international
comparisons.

POLICE/MASS DATA

Police reporting of traffic accidents

is important to the estimation of the

frequency of accidents. injuries. or

other events within any jurisdiction. It
is also important to the operation of
in-depth accident investigation pro-

grams, particularlY with regard to

representativeness, since most of these

use the police-reported accidents as a

sampling frame.
A World Health Organization Ad

Hoc Technical Group provided an ex-

cellent summary of the state of cover-

age oftraffic injuries in police reports in

a number of European countries (World

Health Organization 19'79).lt was re-

ported that a Swedish studY in 1969

lound that only 287o of persons serious-

ly injured in road traffic accidents were

reported as such in official road acci-

dent statistics, and that a furlher 2QVo

were recorded as only slightly injured

- i.e., 52Vo of the injured persons did

not appear in the police stalistics at all.

In a British study covering fhe period

from 1974-1976 (Hobbs et al. 1979), it
was reported that nearly 307o ofall road

traffic accident casualties were not

officially reported, even though they

attended hospital for their injuries.
By contrast, recent work in the

Netherlands, communicated to the au-

thors by S. Harris (SWOV), indicated

that about 85Va of the accident victims

admitted to the hospital were also re-

corded as injured in the police accident

record system, and that this fraction had

been stable for several years. This
knowledge then provides a basis for
doing further analytical work with the

police data there.
Nearly all jurisdictions have some

nominal rule about which accidents are

to be reported officially. Often this is a

combination of injury level and damage

- for example, at least $400 in ProP-
erty damage or an injury requirin.e treat-

ment. But in practice, such rules are

seldom followed precisely, and there is

usually some underrePorting.
Zylman (1972) conducted a studY in

two states in the U.S. on the use of

driver records to measure driving be-

havior. He drew two conclusions in this

regard: "(1) The likelihood of having a

collision recorded on one's record may

be more dependent on local policies and

practices than on one's driving pro-

ficiency, and (2) any measurement of
collision occulrence based on popula-

tion, registered vehicles, mileage, etc.

of two or more agencies without first
ascertaining the use of terminology,
interpretations, policies, and practices

of those agencies is subject to
question. ' '

In the U.S.. most states use an injury
scale identified as KABC0, in which K
is killed, A indicates that the person was

incapacitated (but not necesarily admit-
ted to the hospital), B a visible but non-

incapacitating injury, C a complaint of
pain, and 0 uninjured. These codes are

used so that (except for delayed fatalit-
ies) the officer can code the injuries on

the report form at the time of the field
investigation.

Most other countries use a definition
of serious injuta as one which requires

overnight hospitalization, although
several individuals have indicated that

they use more than one night in the

hospital for the serious tag. For lesser

injuries, some jurisdictions have only
one code, and some have several.

There are similar variations in vehi-
cle damage scales at the police level .

The Traffic Accident Damage (1961)

scale has been very useful for analytical
purposes, but it is used in only a few
states. Some.jurisdictions have written
descriptions of damage, some have
pictorial representations, and some

have a simpler code of two or three

levels (e.g., towed or not towed).
One other item that is important

enough to be universally reported is the

accident type or configuration, but

again there is little consistency in the

coding. To some extent, this is the re-

sult of local needs - a region with few
trees may combine striking trees and

utility poles. Another region may iden-

tify them separately. Such variations
again make it difficult to aggregate the

data across jurisdictions. For many
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years the Australian national file was

able to identify only two types of acci-

dents, single or multi-vehicle, although

every state form provided for much

more detail than that.

The U.S. Fatal Accident Reporting
System

Because the remaining variation pre-

cludes direct aggregation of data,
NHTSA proceeded to develop a nation-
al system for reporting of fatal acci-

dents, and this has now resulted in
eleven years of data about U.S. fatal
accidents in a nearly common format.
Data are -qathered on all fatal accidents

occuning in the 50 states, the District of
Columbia, and Puerto Rico. State-
employee analysts compile the data

under contract with NHTSA, and
forward it to a processing center in
Washington, D.C.

The Fatal Accident Reporting Sys-

tem (FARS) analysts determine the fat-
al accidents that qualify for inclusion,
gather pertinent data, and code them
onto three forms: the accident level,
vehicle/driver level, and person level
forms. Data are then forwarded to
NHTSA's National Center for Statistics
and Analysis. The primary sources to
complete the coding of the above forms
are police reports. registration files,
death certificates, coroners' reports,
emergency medical services reports.
and State Hi-ehway Department files.
With data from these sources. the forms
are coded in accordance with the

Coding Validation Manual, published

and updated annually by NHTSA
(Sebastian l98l). Since 1979, the con-
tents of the forms have been transmitted
by remote data entry to the data bank at

the National Center for Statistics and

Analysis.
Effort is placed on consistent. com-

plete, and accurate reporting, record-
ing, coding, and analysis of the data.

Various mathematical and statistical
methods are used to detect errors in
coded data and to estimate values for
missing data.

While there may still be some un-
certainties in the FARS data, it is

accepted by most in the U.S. as being a

compiete record of fatal traffic acci-

dents, and containing accurate infonna-
tion regarding most of the factual ele-

ments of the data - 
vehicle make and

model, driver sex and age, accident

type, etc. For the U.S. as a whole, this

development solves the threshold con-

sistency problem by concentrating on

only fatal accidents, achieves good

coverage because fatal accidents are

well investigated and reported in all

states, and provides a level of detail

useful to national planning.

Canada
There is more consistency among the

Canadian provinces' accident report

forms than in either the U.S. or Aus-

tralia. The forms for New Brunswick.
Nova Scotia. Prince Edward Island,

Saskatchewan, and Newfoundland/
Labrador vary mostly in the printing.

Diagrams of eleven accident con-

figurations (head-on, rear-end, struck

fixed-object, etc.) are provided so--that

the reporting officer can check the most

appropriate one; these are exactly the

same in all five of, these provinces.

There are slight differences, however,
in the coding of major contributing
factors and the sequence of events. In-
jury coding is slightly different in New-

foundland. where the seven-level codes

of the other provinces have been col-

lapsed into five levels. All define major
injury as "hospitalized." And all use

an eight-point compass face to code

the location of damage on the vehicle.
Vehicle repair cost is to be estimated

and reported by the officer in all five
provinces.

But the Quebec report form is quite

different from these first five. The in-
juries are coded in just four levels.
There is a twelve-level pictorial selec-

tion of accident configuration, but the

codes vary from those discussed above.

Ontario has developed a new rePort

form which will be in use in 1988. This
form has a twelve-level initial impact
type which corresponds roughly to the

accident configuration codes used in

the five provinces discussed above.
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However, the Ontario codes are all dif-
ferent, and could not be easily com:
bined with those of the provinces
discussed above.

British Columbia and Manitoba have
similar but different sixteen-level
accident-configuration codes. Many of
the code levels are the same, but the
code value for fixed object in Manitoba
corresponds to the value for bridge in
British Columbia; the code for off-road
left in Manitoba uses the same number
as the code for one-way street in British
Columbia. Alberta does not provide a

coded description of the accident con-
figuration, but does have a place on the
form for a collision sketch.

The Northwest Territories accident-
report form is different from all the
other Canadian forms, having different
codes for road type, condition, wea-
ther, and street lighting (e.9., light
failed). The Northwest Territories seem
to be unique in including both a vehicle
identification number (VIN) and an
odometer reading.

Transport Canada has concluded,
however, that there are enough sim-
ilarities among the reports from differ-
ent provinces to justify creation of a

national accident file based on compu-
ter records furnished by the provinces.
It is apparent from the above discussion
that some variables must be recoded to
a common set of values, but there has

evidently been a strong coordinating
effort present in Canada to bring about
the present state of affairs. Transport
Canada has not developed a separate
fatal accident file (comparable to the
U.S. FARS), but the fatal accident sub-
set of the national file is available in
computer form.

Aurtr"li"
Although there are only six states and

two territories in Australia, traffic acci-
dent reporting in each jurisdiction has

developed quite independently. As a

resuit, there is little capability to aggre-
gate the reported data at the federal
level with the kinds of detail available
locally.

For reasons similar to those ex-

pounded in the U.S. (e.g., variations
in coding and different reporting
thresholds), the Australian Federal
Road Safety office has created a com-
puterized national data base for fatal
accidents beginning in 1981. The
present methods for developing the data

set involve preparation of suitable cod-
ing forms and a coding manual for
training, keypunching and validation of
data entry, and the use of range and

consistency checks to ensure complete-
ness and accuracy (Scott and Furphy
Engineers 1985).

The Australian fatal accident data

file is stored in a computer in Canada
(because the contractor's main comput-
ing facility is there), and is accessed by
satellite communication from points
within Australia. The files are rela-
tively small compared to those of the

U.S. and the disk-based data access is

essentially instantaneous. Data for
1981, 1982, and 1983 are presently on
line; data for 1984 and 1985 were being
prepared by a contractor in e_arly 1987

and may be finished by now.

.' .:. ::'] : . ,

The United Kingdom
Traffic accidents are reported in the

United Kingdom by police officers fill-
ing out a form known as STATS-19.
The current version is in use throughout
the U.K. The responsibility for the

building and maintenance of the
STATS- 19 computer file lies within the
Transport and Road Research Labora-
tory (TRRL) at Crowthorne, and the
individual-year files each contain data

on about 350,000 accidents. Some ten
years of data are maintained in disk
form, and personnel at Crowthorne es-

timated that there are about 4,000 in-
quiries each year 

- each being a single
search from one year of data.

The STATS-19 file may be augment-
ed when additional data are available.
For several years, TRRL has received
hospital data from Scotland and has

merged that with the STATS-19 data
file. This permits more detailed analy-
sis of injury factors such as a compari-
son of injury experience prior to and

after the seat-belt law.

STATS-19 data are also used to
select cases for further study. Several
years ago, for example, there was a

study of accidents involving heavy-
goods vehicles. Cases were identified
by computer analysis of the STATS-19
files, and subsequently the more de-
tailed information was obtained by
reading the original police reports.

The active analysis program with the
STATS-19 data at TRRL helps to dis-
cover shortcomings ofthe data. Several
years ago, for example, it was found
that the city of London failed to report
about fifty fatalities into the STATS-19
file because of a special routine for han-
dling these cases. This constitutes
about IVo of the U.K.'s total fatalities,
but a larger fraction of urban fatalities.
In another case, ajurisdiction that had a
large number of concrete utility poles
had argued strongly against identifying
these in a revision of the accident report
form. They lost the argument, but
thereafter no pole accidents were re-
ported from thatjurisdiction. Such ana-
lytical findings should ultimately lead
to an improved and more reliable and
useful data set.

Denmark
The traffic accident reporting sysrem

was revised in Denmark during the
1970s and a new system came into
effect in January 1976. Most of the data
are collected using police reports. The
technical sections of local road au-
thorities convert the police data into
coded form. The recording of the coded
data, consistency checks, and accuracy
checks are performed by the Danish
government's Depafiment of Statistics
(Danmarks Statistik). Hence, the pri-
mary accident data suppliers are police,
hospitals, and local road authorities.
The primary data processors are local
road authorities and the Department of
Statistics. Among data users are the
data suppliers and data processors as

well as government legislative bodies,
press, highway administration, and
various research organizations and
universities.

A standard set of forms was in-
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troduced for the data supplier, data pro-

cessor, and data-user groups. The
forms and their uses are:

l. Preliminary Report Fonn.' This
form is prepared by police and is

sent to the Department of Statistics
(Danmarks Statistiks) within 24

hours if the accident involved a per-

sonal injury. Otherwise this form is

not used.

2. Road Accidents, Police Form:This
form is retained by the police to sup-
plement police reports and is used as

a backup.

3. Road Accidents, Final Report:
This form is the primary data source

for the Department of Statistics.
The form is prepared by the police
and supplemented by the local road

authority, and is sent to the Depart-

ment of Statistics within five weeks

of the accident.

S*"d"n
In Sweden, the official accident sta-

tistics are based on police-reported in-
formation. C)ther data in Sweden are

obtained by Folksam, the largest motor
insurance company in that country, and

by the Volvo Corporation (for cars

manufactured by that company).
Police-reported accidents include

those accidents at which the police are

necessaryt. This may include non-injury
accidents in which police are required
to remove the vehicles or to write offi-
cial reports to protect a not-at-fault
driver.

For inclusion in the Official Swedish
Road Traffic Statistics, an accident
must occur on a road with at least one

vehicle moving. Folksam, however, at-

tempts to include all accidents, even

those occuning in private areas. The

reviewed five-year Folksam study
(Nygren 1984) included only those
accidents involving passenger cars in
private use. It is pointed out in that

study that the degree of undeneporting
of accidents and injuries is not known.
Sweden, with a total population of
about 8 million and 3.5 million vehi-
cles, has about 70,000 police-reported

traffic accidents, 800 fatalities, and
'16,000 injuries (serious and minor
combined) per year. These figures may

be compared with those of Michlgan, a

state with comparable population (9.2-

million persons and 6-million vehicles

in 1980). In 1981, Michigan had

303,000 reported traffic accidents
(more than four times as many as

Sweden), 1,589 fatalities (about double

that of Sweden), and 136,000 injuries
(8.5 times the count in Sweden,
although more than half of the Michi-
gan injuries were at the C, complaint of
pain, level). This suggests either a

much lower accident and injury fre-
quency in Sweden, or considerable
underreporting.
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West Germany 
."

The West German governmeht is

actively working in various ECE and

EEC committees, and has set up federal
guidelines for adopted ECE regulations
tas applicable) covering automotive
safety standards. The German Depart-
ment of Transportation (Bundesminis-
terium fiir Verkehr, BMV) and the Ger-
man Motor Vehicle Transport Ad-
ministration (Kraftfahrt-Bundesamt,
KBA), in cooperation with the various
states, prepare regulations and stan-

dards to be adopted in West Germany
based on the ECE and EEC regulations.
Specific standardization -9oals and
responsibilities of various parts of the

government are tabulated in Un-

fallverhiirungsbericht (1980). There
are three major accident statislics pro-
grams, summarized in the following
paragraphs.

The official German road accident
statistics (die Bundesstatistik der Stras-
senverkehrsunfdlle) are published an-

nually (Bierau 1985, Strassenverkehr-
sunfdlle 1974). h gives general facts on
road traffic accidents. Since 1953, all
police-reported accidents have been re-

corded in this compilation. Detailed
recording of pertinent accident data is
done for accidents with an estimated
property damage of over DM 3000.
Accidents below this threshold are only
counted, with no detailed reporting.
The pertinent accident data are divided

into three categories (general accident

data, involved persons, and injured
passengers) and reported on standard

forms.
The German Motor Traffic Insurers

initiated the automobile traffic accident
investigation and accident prevention
work in Germany by founding an Acci-
dent Prevention Committee in 1953. In
1967, the same organization created a

plan to collect and compile traffic acci-

dent data for accident research pur-

poses. The first study was primarily
dedicated to occupant protection. The

German Motor Traffic Insurers, today

the German Association of Third-
Party, Accident, Motor Vehicle, and

Legal Protection Insurers (HUK-
Verband), has been involved in an ex-

tensive accident-research program re-

lated to interior safety of automobiles

since 1969.

Since 1976. the HUK-Verband re-

search has been able to use insurers'
accident reports to focus on selecting

specific car models in which-occupants .

were/were not injured. The goal is to
evaluate a new car model's safety with-
in a short time period after the model's
introduction. HUK-Verband (1978)

states as their objective "the realization
of a combination between lar-ee-scale

investigation and included in-depth
case analyses in special consideration

of problems of current interest. "
In the HUK-Verband (1978) study,

the investigation was based on acci-

dents reported to the HUK-Verband by

all German motor traffic insurers.
Trained engineers from the Department

of Automobile Engineering analyzed

the accident data on a case-by-case

basis and filled out collision analysis

reports. Data bases were created on a

HUK-owned computer. The structures

used permitted the selective calling and

evaluation of each record of each acci-
dent case.

niniuna
The Finnish Motor Insurer's Bureau

(Liikennevakuutusyhdistys-LVY) in-
itiated a fund and created the Traffic
Safety Committee of Insurance Com-

panies (VALT) in 1967 to improve and

widen the scope of national traffic
safety work.

VALT has organized thirteen road

accident investigation teams, one for
every county, and one for the city of
Helsinki. VALT publishes an annual
report, Traffic Accident Statistics of In-
surence Companies, on traffic acci-
dents compensated for from third-party
motor insurance.

One of the responsibilities of VALT
is national fatal accident investigation
and reporting. The adopted-in-depth
Fatal Accident Research Plan for 1985
(VALT 1984) is based on the VALT
recommendation from 1981. The
general goals are to improve and de-

velop traffic laws and regulations, and

to improve the safety of traffic, road

environment, and safety of motor vehi-
cles. The specific goals are to study
individual accidents and accident
causes, create a data bank for data han-
dling and statistical analysis, and in-
crease and improve cooperation with,
and training of, police and other offi-
cials. This joint effort of public and
private interests in creating more accu-

rate data resources is an important and

noteworthy program. The official
general accident report is published an-

nually by the government's Statistics

Center. Tilastokeskus.
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IN.DEPTH ACCIDENT DATA

Collection of very detailed informa-
tion about a relatively small number of
traffic accidents may be characterized
as an in-depth accident investigation
process. While the level of detail col-
lected in police investigations serves a

useful purpose in establishing counts of
crashes, injuries, and fatalities, and

also in providing information about
accident types and locations. it is in-
adequate in providing the kinds of in-
formation necessary to vehicle-design
choices as well as for many changes in
other parts of the traffic system. ln-
depth accident investigation methods
permit extremely detailed information
to be collected for a small number of
accidents at a reasonable cost. The
resulting data may then be used for
planning and design.

In many parts of the world, in-depth
accident investigation methods seem to
have proceeded from a few detailed
case studies to a more structured for-
mat, and then to some kind of sampling
procedure to represent a larger popula-
tion. In the U.S., early case study work
was sponsored by both the govemment
and the automobile industry, and re-
sulted in a collection of reports in a

variety of formats.
Following the 1969 Airlie House

Symposium (NHTSA 1969), both the

industry and government-sponsored
programs standardized on the GM
(General Motors) Long Form for
reporting. In 1975 NHTSA and the
automobile industry defined a fairly
strict sampling plan for case selection
for five accident investigation teams

operating in the U.S. (Kahane et al.
1975). While the geographic location
of the teams was predetermined by
existing contracts, each team used
statistical sampling methods to select
cases for inclusion. The resulting data
set was then used to draw inferences
about the effectiveness of the various
kinds of restraints in use at that time.

At about the same time, the elements
ofa national accident investigation sys-

tem using sampling techniques were

.defined (O'Day 1914). ln the late
1970s, these early designs led to the

National Crash Severity Study (NCSS),

a sampling program using a judgement

technique to provide a balance of rural

and urban accidents. and later to the

National Accident Sampling System
(NASS) which provided a probability
sample of traffic accidents in the whole

of the U.S.
Similar sequences of events have oc-

curred in other countries, and present

programs range from simple case stud-

ies and careful local sampling to
methods for estimating national acci-

dent characteristics. lnvestigation pro-
tocols have been developed bY manY

investigators, and the present programs

have many similar data elements. This

seems to have come about mainlY
through informal interaction and local

selection of the more useful techniques.

Data Acquisition and Sampling
There are three dimensions of in-

depth accident investigation programs

which, in part, determine their utility.
These are ( I ) the sampling procedures

- the sampling frame and the subse-

quent sampling method, (2) the method

of data acquisition, and (3) the timing
of the investigations (either at the time
of the accident or later).

Sampling C onside ration s

ln most in-depth investigation pro-
grams, cases for further study are cho-

sen from a sampling frame that comes

from the police record of accident
occurrences. Methods of choosing
cases from a sampling frame varY

widely. In the early U.S. case study
programs, choices were pretty much up

to the investigator. In the more recent

programs (in the U.S., the United
Kingdom, West Germany, Canada,

Australia. and others). great attention

has been given to proper statistical de-

sign so as to well represent larger
populations.

Data Sources and Acquisition
Parallel data acquisition is based on

several data flows accumulated in the

same time parallel to each other. In
many countries the police agencies, the

hospitals. the insurance companies.
and in some cases, the national motor
vehicle inspectorates all collect acci-

dent data using their own resources.

Sequential data collectlon is the

accumulation of a variety of data about

an accident into a single data base. This
implies a strict order for collection,
e.g., the police officers record informa-
tion at the scene, then the mechanical

inspection of the vehicle is carried out,
and then the injury diagnosis is per-

formed at the treatment facility. Most
of the in-depth programs reviewed here

involve a combination of these two
methods and require considerable inter-
action and cooperation among police,
hospital, and other agencies to produce

accurate information.

On-Scene Versus Follow-Up
I nvestigations

Another major choice in in-depth
pJograms is whether to investigate acci-

dents on-scene or to perform afollow-
up investigation some time after the

fact. In the first case. the investigative
team can obtain first-hand knowledge
of activities at the site of the accident,

and is in a position to record volatile
information that might otherwise be

lost. However, there is a tradeoff in
completeness of coverage, as the on-

scene investigations are time-consum-
ing and (without an inordinate effort)
may miss cases that should properly be

in the sample. Most U.S. programs

seem to have settled on the follow-up
technique, but there are still some pro-
grams of the first type operating in other

countries.

Crash Severity Measures
A meaningful collision (crash) sever-

ity measure provides a means of
quantifying the diversity and variations
of the characteristics and factors in-
volved in the crash phase of vehicle
accidents (Kahane et al. 1978). Ideally
the measure would be such that all col-
lisions with the same ozslr .rct'r'r'il.t'

would produce the same iniurics lirr rr
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given occupant (Marquardt 1977).
With this measure, it is then possible to

study the effects and variations of vehi-

cle differences and imProvements,

occupant characteristics, occupant
position, restraint systems, etc. on

occupant injuries resulting from a given

collision.
A measure of crash severitY should

(1) portray a theoretically correct pic-

ture of the forces involved in the col-

lision; (2) be consistent and uniform so

that the severity ratin-es may be used on

all accidents; (3) be easy to aPPIY'

calculate or obtain, and be quantitative

in nature; and (4) be understandable and

have meaning to nontechnical people.

The severity measure ProPosed bY

Campbell (1914) involves relating ve-

hicle damage to a so-called equivalent

barrier speed (EBS). The measure,

called Delta-V, describes the
instantaneous change in velocity of a

vehicle during impact. It is defined to

be a function of two variables: the ratio

of the colliding vehicle weights and the

difference in velocities of the vehicles.

The EBS is based onlY on energy

absorbed by the case vehicle, whereas

Delta-V takes into account the energy

absorbed and conservation of momen-

tum for bolir vehicles (if two vehicles

collide) . Hence, when accident data are

collected for each vehicle, the Delta-V

can be calculated. If information on a

two-vehicle collision is available for
only one vehicle, it is appropriate to use

the EBS.

' Energy Basis for Collision
Severity

The EBS is defined as a vehicle

velocity at which the kinetic energy of
the vehicle would equal the energY

which was absorbed in plastic deforma-

tion of the vehicle. First, a vehicle's

dynamic force-deflection characteris-

tics are determined. An approximate

linear relationship between vehicle
residual crush and imPact sPeed is

found. The second step is the estima-

tion of EBS. It assumes that character-

istics do not vary across the width of the

vehicle in cases involving non-uniform

Crush (inches) vs (EBS)r -t
I 97 I Full-Siz.e Chevrolet

weighr = 4500lbs.

l2 O'Clock Direction of Force
)257c Ctlntact

INCIIES OF CRUSH

FIGURE l. Pictorial representation of crush

versus EBS (equivalent barrier speed) for
lgll-1972 full-size Chevrolet (Campbell 1974)'

UMITRI RESEARCH REVIEW



An instrunrenled crash lesl was conducted:
hnpact Speed : 30.6 nrph
Vehicle Weight = 4333Ibs.

Addin-s the
energy
absorbed in
each seclion
o1'the
vehicle:

{ne,o * +soo 
)lrz\ 43-13 /

(correctlon
factor)

: 30.0 nrph :6l
tt8

t27
r6,5
5l
6l
8{i
85

-56
22

+20

EBS estirnate,
which is a good
approximation of the
inrpact speed o1'lhe crash
tesl (30.6 mph)

% INCHES OF CRUS}-I

-0

2\)

-30
-40
-50

FIGURE 2. Application of pictorial approach to

30 nrph ol-l.set barrier impact (Campbell 1974).
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damage (i.e.. the fender is no stiffer
than the center of the vehicle). Damage
vertically is assumed to be uniform, and
damage by underride or override is not
considered. With these assumptions the
force-per-unit width as a function of
crush is calculated. and then the energy
absorbed by the vehicle is computed by
integrating the force over the crush dis-
tance and over the vehicle wicith. After
this. damage patterns need to be
approximated in terms of crush as a
function of the width of the vehicle
front.

A pictorial representation of the en-
er-uy absorbed by sections of the vehicle
(see. for example. Figure I ) facilitates
the easy determination of EBS for more
sophisticated models and for various
damage patterns. To use Figure I to get
an EBS for a damage pattern sustained
by a vehicle, the damage pattern should
be sketched over the vehicle picture.
The total ener_qy absorbed is the sum of
lhe cru.shed squares. Partial squares are
allotted in proportion to area. The
square root of the number is the EBS
for that damage pattern collision (see

Figure 2 for an example).

Crash Severity Measurement by
Deha-V

Delta-V is defined to be "the change
in velocity that occurs in a fraction of a
second during a vehicle collision while
primary vehicle damage is occurring"
(Marquardt 1977). Delta-V is suitable
as a measure of collision severity in the
context of a collinear vehicle-to-vehicle
collision where occupant ejection. or
occupant-compartment deformation. is
not a dominating injury factor. The two
vehicles have a closing speed equal to
the difference of their velocities. After
impact, crushing and deflection occurs
in a fraction of a second, bringing the
vehicles to a common velocity. For
analysis purposes, the impact is consid-
ered inelastic. thus the secondary effect
of rebound is ignored. Eventually the
pavement-surface friction will bring the
vehicles to a stop. In the impact phase,
friction is a secondary effect and will
also be ignored.

During the crushing phase. a vehicle
undergoes lar-ee velocity changes
(Delta-V or peak contact velocity.
PCV) in a short time period. The large 

-e

forces involved create a high potential

for injury because the occupant must
also undergo this same change in veloc-

ity. Delta-V is then the maximum
velocity with which an unrestrained

occupant can contact the vehicle
interior.

Delta-V Using the CRASH3
Program

The CRASH program (Calspan
Reconstruction of Accident Speeds on
the Hiehway) - ths 6u6snt version is

known as CRASH3 - is being used for
determining collision severity in the

U.S. National Accident Samplin-u Sys-

tem (NASS) accident data collection
pro-sram. CRASH3 is also used in other
research programs sponsored by the

National Highway Traffic Safety Ad-
ministration (NHTSA). The damage
onl-r' option of CRASH3-has been the

basis forestablishment of crish seuerity
(Delta-V) in the NCSS accident data-
base. Aboul 45Vo of the accident-
involved vehicles in the NCSS were
given an accident-severity measure by
CRASH. The major advanta-ee of the

CRASH algorithm, compared to
traditional accident reconstruction
methods for determining the Delta-V
from vehicle damage, is that the
method is independent ofskid distances

and momentum. The method requires
comparative crash test data and crush
measurements taken from the accident
vehicles or estimated from the vehicles
(Woolley et al. 1986).

Other automobile accident-recon-
struction programs are the Equivalent
Energy Speed-Accident Reconstruc-
tion Method (EES-ARM), the Impact
Momentum of a Planar Angled Colli-
sion (IMPAC), Vehicle Trajectory
Simulation (VTS), Tractor Braking and

Steering simulation (TBS), Simulation
Model of Automobile Collision
(SMAC), and the Highway Vehicle
Object Simulation Model (HVOSM).
In general, these programs provide sim-

ulations of collision and vehicle trajec-

tory to varyin-e levels of complexity and

sophistication.

Vehicle Damage Scales
There are a number of more detailed

vehicle-damage recording methods in

use for in-depth investigation, and

several of these are discussed here.

The Collision Defonnation
Classificatiott

The U.S. Collision Deformation
Classification (CDC), as published in
the SAE J244, Recommended Practice
I 986, is a seven-character code consist-
in-e of the following:

l-2: Force direction during impact
3: Area of deformation
4: Specification lon-situdinal or

lateral location of deformation
5: Specific vertical or lateral

location of deformation
6: General type of dama,ee

distribution.
1'. Extent of damage.

The Vehicle Deformatiort Index
The Vehicle Deformation Index

(VDl) was an earlier version of the

CDC. It is pointed out in Ashton et al.
(1913) that the VDI cannot be used for
comparing accident severities between
vehicle types, but it has usa-qe when
comparing vehicles with similar design
c haracteri stics .

The term VDI, which was in use at

the time of the NATO program in 1973 ,

seems to have been retained in most
European usage. The German HUK-
Verband uses a system developed from
the VDI that appears to be somewhat
different than the CDC as described in
SAEJ224.

HUK-Verband Body
D ef o rmatio rt C las s ific atio n

For body deformation classification,
the West German HUK-Body De-
formation Classification uses a scale

divided into five categorien. The
classification is used for the most se-

verely deformed body parts for front,
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rear, and side impact (scale I to 5 where

I : minor damage and 5 : total damage

extending to person compartment and

in side impact, a total damage of the

person compartment). The classifica-
tion is used, for example, in Finland
and West Germany.

STATS-19 Body Deformation
Classification

For recording body deformation the

British Department of Transport uses

the STATS-19 Vehicle Record Form.
In this form the vehicle deformation is

classified into eight categories indicat-
ing the region of damage only. The

eight categories are the following (Brit-
ish Department of Transport 1983):

0 : None
I : Front
2 : Back
3 : Offside
4 : Nearside
5 : Roof
6: Underside
7 : All four sides

Injury Scales

The Abbreviated Injury Scale
(AIS)

This scale is used for coding injuries
incurred in traffic accidents (AAAM
1980). The AIS is ordinarily used by
specially-trained research teams that

obtain medical, vehicle, and environ-
mental data on traffic accidents.

ln the developmental stages the AIS
scale was viewed as a part of a Com-
prehensive Injury Scale (CIS) con-
cemed with energy dissipation, threat
to life, permanent disability, and treat-
ment period. It is now generally agreed

that the AIS mainly reflects the threat to

life, and other scales have to be used to

describe the risk of permanent disabil-
ity as well as other effects of accident

injury.

. Maximum AIS (MAIS) and
OversII AIS (OAIS)

The MAIS, as used by NASS pro-
grams in the U.S., is the maximum
known AIS among observed injuries to

a single person. The OAIS considers

the total effect of multiple injuries using

as a criterion the threat to life. The

OAIS has, in some studies, been re-

ported as a higher value than the MAIS,
but the usage now seems obsolete. The

OAIS involves careful clinical evalua-

tion of overall effects of individual in-
juries for the body as a whole.

Injury Severity Score (1SS)

The ISS is a method for describing
the overall severity of injury to more

than one area of the body as well as of
isolated injuries. The numerical system

rates each injury and then adds the

squares of the highest AIS rating for
each of the three most severely injured
body areas. The ISS is a measure of the

risk of injuries leading to hospital care

and/or death, but it is not a measure of
the risk of permanent disability (Ny-
gren 1984, Bakeret al.19'74, Bakerand
O'Neill 1976, Reinfurt et al. 1987).

The ISS takes into consideration the

combined effects of multiple injuries.

O cc upant I nj ury C las sific ation
(oIC)

The OIC scheme was develoPed at

The University of Michigan (Marsh

191 3a, 1913b). The coding convention
was derived from the CPIR (Collision
Performance and Injury RePort) of
General Motors Corporation, and the

NATO Collision Analysis RePort
Form. The aim was to correlate injury
sources (contact areas) and specific in-
juries. The OIC is similar in form to the

Collision Deformation Classification
(SAE 1972), but applies to the human

body rather than a vehicle body. In the

OIC, four dimensions or facets are de-

scribed by letters: body region. aspect.

lesion, and body system/organ. To the

four-letter code a fifth element, an AIS
severity number, is added. A particular
injury is then coded with four letters

plus a number.

, KABCO Iniury Scale
A widely-used injury scale in the

U.S. has been the KABCO scale.
While it is usually employed in police
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accident data reporting, it is sometimes
used as the basis for further selection of
in-depth cases, and is typically carried
forward into the in-depth data sets. The

KABCO scale was developed for use

by non-medically trained police per-

sonnel. It has five levels, from fatal to
no injury (Reinfurt et al. 1978). This
scale is extended in the U.S. NASS and

FARS programs by adding injured
(severity unknown), died prior to acci-

dent, and unknown if injured.

Other Injury Scales
The fourteen-point ICDA Threat-to-

Life Scale, predicts the unconditional
probability of a fatality prior to release

from hospital as a function of a specific
primary injury, a-se ol occupant, and

extent or number and severity of secon-

dary injuries. The nine-point AIS
Threat-to-Life scale predicts the con-
ditional probability that death will re-

sult given that the individual does not

die before reaching an initial treatment
facility. It was developed based on a

transformation of the primary ICDA
code to an AIS severity code (Reinfurt
1 978).

The New York State Injury Codin-e

Scheme (NYSICS) consists of three

components: the location of the vic-
tim's most severe injury, its type, and

the victim's physical/emotional status

(Baum 1978). The Comprehensive In-
jury Scale (ClS) was developed by the

American Medical Association (AMA)
and pubhshed in 1912. The CIS ranks

injuries"in terms of the amount of ener-

gy dissipated, the threat to life, the

amount of permanent impairment, the

length of treatment period, and the fre-

quency with which the injury occurs"
(Reinfurt 1978).

Other existing injury scales include
the Trauma Index (TI) and the Cumula-
tive lllness Rating Scale (CIRS). The

TI has been shown to reliably predict
death and/or hospital stay. The CIRS

goes beyond the TI by requiring a

licensed physician to make the per-

tinent medical .judgements (Reinfurt
I 978).

Injury Scales [Jsed in Different
Countries

The AIS and its modifications are

used widely in recordin,e injurl'severity
in in-depth pro-qrams. In some cases,

e.g., the United Kingdom, Sweden,

and Finland, the AIS is complementeh

by the ISS. There is, however, variabil-
ity within countries and states as well as

within agencies, depending on the pur-
pose and level of detail of their particu-
lar pro-erams.

Police reporting in the U.S. com-

monly uses the KABCO scale but oth-

ers are also used. The NASS program

uses the KABCO. the AIS and MAIS,
the ISS, and the OIC. The data are

complemented in the NASS by record-

in-e hospitalization and length of stay in

hospital, number of lost workin-e days,

time of death, and number of the OICs.
The FARS relies mostly on the police
reportin-q, i.e., the KABCO scale, and

complements this by separately record-
ing hospitalization and time of death.

Since 1976, Denmark has classified
personal injuries for their official statis-

tics into four categories: fatal, serious

injury, minor injury, and uninjured.
For accident reporting in Japan, the

national police agency uses the so-

called JAIS scale lor injury severity

coding. The JAIS coding scheme is a

modification of the AIS injury scale.

The Accident and Emergency Services
Committee of Japan, and other such

committees, have considered the adop-
tion of the AIS scale for injury severity
coding (Kimura 1978).

The German Association of Third-
Party, Accident, Motor Vehicle and

Legal Protection Insurers, HUK-
Verband, has used the revised AIS as

presented in the I Sth Conference of the

American Association for Automotive
Medicine (1974) for the following body
regions: head and neck, chest, abdo-
men, extremities and/or pelvic girdle,
general (HUK-Verband 1978). The
HUK-Verband also uses the Overall
Severity Index (OSI) for recordin-e in-
jury severities.

In Sweden, the Folksam lnsurance
Group uses the AIS with the ISS. In
Finland, VALT ( I984) uses the ISS and

a modified AIS to numerically describe
the overall severity ofan injury or injur-
ies to different body regions. The AIS,
as used by VALT in Finland, and cor-
respondin-e to the older U.S. version
(Fenner 1969), is a scale from I to 9
(6-9 being different categories of
fatalityt for five body-region cate-

-eories: general, head and neck, chest,
abdominal, extremities and/or pelvic
girdle.
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IN-DEPTH
SELECTED

PROGRA
COUNTRIES

Australian In-Depth Programs
Australia has had a varietY of in-

depth accident investigation programs

over a period of more than 15 Years.
These comprised relatively informal
sampling plans, but collection of great

detail in such urban areas as Mel-
bourne, Sydney, and Brisbane.

While the earlier programs typically
included all types of vehicles and acci-

dents, more recently there has been

concentration on accidents of current

high interest. The Victorian Road

Traffic Authority studies pedestrian

and bicyclist accidents. Sampling is

based on hospital records, and includes

all persons (ofthe appropriate category)

admitted to any of five hospitals over a

defined twelve-month period, plus a

random 2/7 ofthose persons treated and

released at the same hospitals. Injury
data are recorded in a modified AIS/
OIC code, using onlY the bodY region,

injury type, and extent codes.

The Traffic Accident Research Unit
(TARU) of New South Wales has re-

cently completed an in-depth series of
investigations for forward control vehi-

cles (passenger vans), these being cho-

sen because they were observed to be

overrepresented in both accidents and

injuries. A 1986 study at TARU con-

centrated on motorcycles, and particu-

larly on head injuries. In these studies,

injuries are recorded using the AIS but

not the OIC. The numbers of cases are

small, and injuries are reported in detail

on written forms and pictorial sheets.

The University of Adelaide has con-

ducted in-depth investigations in the

past, and has used the AIS/OIC codes

for injury recording. ln addition' there

has been some usc o1'thc CRASI-l and

SMAC prograllls. 'fltt's,' u('tc ('\ i-
dently not used elscu'hcr.c irl Atrstrrrli:r

Canadian In-DePth l)rogratlrs
Canadian in-depth llr.!tlttlls bL'rl:ttt

in the 1970s in it tttlttlllct sttlttlrtt lri
those of the U.S. Sevcrrtl ttttirt tsrl" tr'

search organizations \\'cl'r' \'()rlll;rt It ri

w.ith to provide a modest number of
in-depth investi-eations, with selection

methods initially being defined by the

investigators.
More recently there has been a se-

quence of programs. each lasting sev-

eral years and specializing on one cate-

-eory of accident. Such a study of pick-

up trucks and vans was comPleted

about two years ago. and presently the

activity is concentrating on passenger-

car involvements.
Sampling in the Present Canadian

program seems similar to the Pro-
cedures used in the 1971 -1919 U.S.
NCSS program. usin-e existing teams in

their own locales but implementing a

random selection procedure for acci-

dents occurring in those regions. The

current program is producing approx-

imately 2,400 accident reports per year

with ten teams.

lnjuries are recorded using both the

AIS and the OIC scheme. A large num-

ber of detailed reporting forms is used,

covering such topics as the scene,' the

vehicle, the damage, cargo, occupdnt

and injury descriptions, child seats,

vehicle motion and instability. mechan-

ical failure, etc.

Cunently the data are entered into

local microcomputers by the team per-

sonnel and then forwarded by telecom-

munication to the University of New

Brunswick for processing. The data are

then nominally available for analysis,

but outside users must request compu-

ter runs through Transport Canada.

Finnish Fatal Accident RePorting
System VALT

One of the responsibilities of VALT
is national fatal accident investigation

and reporting. The adopted in-depth

Fatal Accident Research Plan for 1985

(VALT 1984) is based on the VALT
rccornmendation from 198 1' This pro-
gr-rrrl has bcen developed for detailed

invcslilrrtitttt ol' essentially all fatal

tr':rllit rreeitlcnts lhilt ttccur in Finland.
'l lre rr irtk is llrrgclv sptlnsoreci by an

ln\iltill]r'(' :tssot ilt{itltt. llr-rt is irlstl sup-

l)orlL'tl lrr r olttttlltrr cl'lilrts tll tt.titfrl'

( r),il1r;rill(.\. :lllrl i'1)\t'llllll('llllll ll!cll-

cies. and indivrdual citizens.
Fatal accident investigation is carried

out by special accident investigation

teams. A team usually consists of the

following specialists: a police accident

investigator, a vehicle engineer, a road

and traffic engineer, and a medical doc-

tor. In some cases, railway engineering

and bus-body construction specialists

as well as psycholo-eists and other ex-

perts may serve on the investigation

teams. The team's task is to report and

investigate specified traffic accidents,

and make traffic-safety-improvement
recommendations based on results of
the investigation. Each team member is

assigned specific tasks and uses stan-

dard forms for reporting.

BASI In-Depth Accident
Investigation Program
(West Germany)

The BASI In-Depth Accident ln-
vesti-eation Program attempts to collect

pertinent accident data immediately af-

ter an accident has occurred. Data col-

le6tion is on-site and further informa-

tion is obtained later from hospitals,

car-body shops, junkyards, etc., using

automotive, engineering, and medical

experts. The program is carried out

jointly by the Medical University of
Hanover (Medizinische Hochschule

Hanover, MHH) and the Technical

University of Berlin (Technische Uni-
versitit Berlin), supPorted bY the

police, local fire departments, and res-

cue service organizations.
The accident data collection is lim-

ited to the Hanover metropolitan area

which has a population of 550'000. Be-

tween 1973 and 1983, data for about

2,000 sampled accidents were col-
lected. Data are stored and handled

using the Scientific Information Re-

trieval (SIR) system. The accident

investigation team consists of one

medical expert and two mechanical ex-

perts. Since 1984 the sampling pro-

cedure has been changed to reduce sam-

plin.e and data collection and handling
c<lsts. and a coordinator has been added

to the team. The coordinator receives

lrll lcciclcnl calls lionr police and local
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fire departments in a center, selects the

accident to be investigated. and. by

radio contact sends the team to the acci-

dent site. All injury accidents within the

Hanover metropolitan area which occur

during the team's active period of ten-

hours-a-day form the sampling frame.

Swedish In-Depth Programs
The most detailed in-dePth in-

vestigations in Sweden are conducted

by the Volvo CorPoration through
follow-up of accidents involving vehi-

cles which they have manufactured.

About 45,000 accidents (in an insured

population ofabout 300,000 to 400,000

cars) are reported to Volvo each year

through their insurance operation
which insures new cars for three or five
years against damage. Of these 45,000

accidents, about 2,000 are serious

enough to warrant reporting in greater

detail and computer-file storage. Thirty
to sixty cases are selected each year for
in-depth investigation, the majority of
them from Sweden, but a few from

other European countries. For this

smaller group, very detailed informa-

tion is sought. Vehicle damage is re-

corded in such a manner that
accident-reconstruction techniques can

provide collision speed estimates.

Occupant injuries are recorded using

both the AIS and a modified (and much

enhanced) Occupant Injury Classifica-
tion scheme. Volvo data are used pri-

marily by company personnel for rede-

sign activities. Their results are pub-

lished from time to time in the scientific
literature.

The United Kingdom ln-DePth
Program

ln-depth accident investigation has

been underway in the U.K. for a num-

ber of years, but recently the U.K' has

settled on a program with strict sam-

pling procedures. Currently there are

two major investigative teams - one at

the University of Birmingham (cover-

ing a mostly urban region) and one at

Loughborough (covering a mostly rural

regron). In addition, there are four

smaller activities operating within the

British Department of Transport which

contribute data to the same composite

file.
Final file construction is accom-

plished at Crowthorne under the aus-

pices of the TransPort and Road

Research Laboratory (TRRL). Birm-
ingham and Loughborough each Pro-
duce about 350 accident repons annu-

ally. The current sampling frame in-

cludes passenger cars less than six years

old. From this list, an atterhpl is madE

to cover all fatal accidents, 507o of the

serious injury accidents (as defined by

the police report) and20Vo of the minor
injury accidents.

Using the Statistical Package for

Social Sciences (SPSS), both the Birm-
ingham and Loughborough teams enter

their data in digital form to build work-

ing files at the accident, vehicle, and

occupant level. Data are subsequently

forwarded to Crowthorne, where they

are edited and combined into one

national file - national representative-

ness being defined somewhat as in the

U.S. NCSS program, with appropriate

rural and urban representation from the

two teams.

While many analYses of the U.K.
in-depth data have been completed at

the local level (i.e., at Birmingham and

Loughborough), the national files are

just now becoming available for use.

The SPSS files produced by the field
teams are transformed at TRRL into a

database management system. TRRL
lound the latter system most convenient

for editing, and had nearly completed

this file at the time of our visit in De-

cember 1985. TRRL is evidently will-
ing to make inquiries of these data on

request at a cost. Overall direction of
the program is provided by a committee

that includes representatives from gov-

ernment and industry. The current stud-

ies of passenger cars five years oid or

less stem from a combination of the

industry's interests in design and the

government's interest in vehicle in-

spection and other factors. Presently

these programs are sponsored 75Vo by

the government and 25Vo by the auto-

mobile industry (British Ltjyland and

Ford). These industrial participants
have access to the data as needed. Other

potential users are expected to request

analyses of the data through TRRL.
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SUMMARY AND CONCLUSIONS

The original purpose of this project
was to document the state of accident

reporting in many parts of the world,
particularly as it applies to the develop-

ment of vehicle manufacturing or
performance standards. Obviously,
greater consistency in the data would
limit the uncertainties in such applica-

tions. There are currently many in-
consistencies amon-s nations in both the

thresholdfor accident reporling and in

the detailed definitiott of variables
which make international comparisons
difficult. For fatal accidents, these dif-
ferences are somewhat less severe. and

should permit useful international com-
parison for some variables. The defini-
tion ofvariables (particularly injury and

vehicle damage scales) for in-deptlt
accident investigation is reasonably

consistent across national boundaries,
and perhaps data files based on these

investigations would be useful in
studies of such international topics as

vehicle standards. But there are still
differences in coverage for in-depth
studies that make it difficult to compare
accident frequencies amonS nations.

Mass Accident Data Considerations
In order to aggregate traffic accident

data over two or more jurisdictions or,
for example, to make direct com-
parisons between accident or injury
frequencies, the data should either
represent the same kinds of popula-

tions or be adjusted to account for any

differences.
Such an adjustment is sometimes

done for fatal accidents. since different
countries have different standards for
reporting these. The U.S. used a one-
year-from-date-of-accident rule for
many years, but settled on a 30-day rule

in connection with the present FARS
program. Some countries have counted

only those persons killed at the scene of
the accident or dying bel'ore theY

reached a hospital. There hirvc alstl

been six-day rules,90-day rulcs. ctc. ll
the relationship between tilttc ol' itcci-

dent and time of death werc sllblc lrtttl

well known, and if there were no other

problems'(misreporting, variation in
rules for inclusion as a traffic fatality),
then data from various countries could

be conected to a common meaning and

direct comparisons made. Indeed, such

adjustments have been made, although

relatively little has been done regarding

the prediction of errors in the process.

For non-fatal accidents there seems

to be more variation in reporting. Data

sets might be considered equivalent if
the following conditions are met:

1. THE THRESHOLDS FOR
REPORTING ARE THE SAME.
For example, some jurisdictions

may require an accident to be re-

ported ifthere is an injury requiring
hospitalization, another may re-

quire a report if there is any injury
or property damage exceeds a cer-

tain amount. another may require at

least one vehicle towed from the

scene, etc.

2. RULES FOR REPORTING ARE
APPLIED IN THE SAME MAN-
NER. There is considerable evi-

dence that the actual reporting prac-

tices vary with Iocal interpretation.
If all accidents with a certain dollar

damage are supposed to be reported,

the chance of a report being made is

much higher if a police officer
attends the scene of the accident. ln
many jurisdictions drivers are sup-

posed to make their own reports, but

are evidently less likely to do so than

is an officer.

3. SCALES ON WHICH COM-
PARISONS ARE TO BE MADE
ARE THE SAME. For examPle,

the common injury scale used in the

U.S. has three grades of non-fatal
injuries -A 

for a disabling injurY,
B for a visible but non-disabling
injury, and C for a comPlaint of
pain. By contrast, most European

countries define the most severe

non-fatal injury level as one requir-
ing hospitalization of at least one

day. There seems to be no method

lut present which would permit use-

ful combination of injury data from
two such jurisdictions.

4. SCALES ARE INTERPRETED
AND APPLIED IN THE SAME
MANNER. The application of
scales for reporting injury (as well
as other codes for reporting such

information as vehicle damage,
accident type, cause, etc.) dePends

on training and local interpretation.

Even such a definition as hospital'
ized may not describe injurY con-

sistently because hospitals may be

less available in one region than

another.

5. NO (OR AT LEAST A MINIMUM
OF) MISSING DATA. Every effort
must be made to ensure that data is

included that should be included,

and that missing (e.g., unreported)

data is minimized.

All of these considerations are also

important to in-depth accident in-
vestigation, since in-depth cases. are

uSually selected from a iist of police-

reported accidents.
The users of accident data lie on a

kind of belief continuum. At the one

end would be those who analYze and

use the data without concern for possi-

ble biases, missing data, or recording
errors. At the other end would be those

who refuse to draw conclusions from

the data until they comPletelY un-

derstand the same factors and the

methods for resolving them. ln fact,

probably no one exists at either ex-

treme. Some may use raw and un-

qualified data to gain insight about a

problem, and most will make some

tests to get a better understanding of
the data before drawing Published
conclusions.

There have been a number of ex-

amples of efforts to better understand

traffic accident data. The World Health

Organization survey provided a greater

understanding of reporting practices in

many countries. The FARS program in

the U.S. has many built-in tests to en-

sure, or at least test for, completeness

and accuracy. In the Netherlands, the
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.Country

-

Sweden

Michigan
(1984)

U.K.

Population

8M

9M

56M

No. of
Accidents

70.ffm

3_15, 193

350.0c{)

No. of
Fatalities

800

t.550

5.934

r6,000

I 50,740

No. of No. of
Injuries Vehicles

3.5M

6M

328.fin l7.5lv{

SOURCES: SwedishdatafromHansNorin,Volvo.Gothenburg.Sweden.November30. 1985.
United Kingdom data from International Road Federation ( 1984), Michigan data from state police
accident records and Verway ( 1985).

Figure 3: Accident Statistics for Sweden, Michigan. and the U.K.

staff at SWOV has tested reported in-
juries in the police accident data against
those in hospital data. ln the U.S.
National Crash Severity Study (NCSS),
reported fatalities were tested against
the FARS record for the same regions.
In Hanover the in-depth data are com-
pared to the sampling frame.

Hutchinson (1985) has recently re-
ported on a comparison of traffic fatal-
ities reported from death certificates
and from police reports in'a number of
countries. Among non-European
countries there were large differences
in both directions. Columbia, in 1911 ,

reported 3,676 certificated traffic de-

aths,69Vo more than the2,112 reported
by the police. Sri Lanka, in 1978, re-
ported 411 certificated traffic deaths,
52Vo less than the 864 reported by the
police.

While the differences were smaller in
European countries, England and
Wales reported llvo more certificated
traffic deaths than the police records
indicated. In West Germany there was a

4Vo difference in the opposite direction.
This is explained by the fact that the

rules for reporting are sometimes dif-
ferent for the two data sources. For ex-
ample, death certificates may include
persons who died on private property.
or those who died more than thirty days
after the accident, and this might par-
tially explain the difference when the

certificated deaths are higher.
The situation is apparently more un-

certain with regard to injury and prop-
erty damage counts. We have noted that
Sweden, with a population about equal

to that of Michigan, reports about one-
fourth the number of accidents. The
United Kingdom, with a population of
55 million, reports about the same num-
ber of accidents as does Michigan with
its 9 million population. Data for these

three jurisdictions is displayed in Fig-
ure 3, where different ratios of injuries
to fatalities can be observed. For ex-
ample, the ratio in Sweden is 20:1, in
Michigan 97:l , and in the U.K. 55:l . It
seems likely that injuries are defined
differently in these three jurisdictions,
but without further information it
would seem risky to make inter-country
comparisons of such items as injury
rates.

The work of the World Health
Organization in 1969 was a step toward
a better understanding of the basis for
traffic accident files in many countries.
but much more should (and probably
could now) be done in this regard.

In-Depth Standardization Activities
NHTSA sponsored a group of acci-

dent investigation programs in NATO
countries in 1913 (Sethness et al.
1973). An accident report form was de-

veloped, based largely on the GM Long
Form, and in-depth accident investiga-
tion activities were implemented in six
European countries. This activity
brought the Vehicle Dama_ee Index
(which has now become the Collision
Deformation Classification), the Ab-
breviated Injury Scale, and other con-
ventions into common use in the Eu-
ropean community. While the NATO
program lasted only about a year, there
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are remnants of it in the in-depth pro-
grams currently operating in Europe.

Since that time there have been some

important changes in the AIS and the

VDI as used in the U.S.. but the

chan-ees have not always found their
way to Europe. It is also true that

changes in European practice have not

been reflected in the U.S.
In the U.S., the National Accident

Sampling System was developed as a

means to make national estimates
(which had been made difficult by the

variety of police reporting systems).
While data in the NASS are not as de-

tailed as in some previous Multi-
disciplinary Accident Investigation
(MDAI) programs, much attention has

been directed to recording injuries and

vehicle damage precisely, while main-
taining a proper statistical sampling
procedure to represent the nation.
Judgement sampling procedures have

been used in most other countries for
accident data collection, with consider-

able analytical effort to describe the

representativeness of the samples.
While there is relatively little formal
coordination amon-q nations in these in-
depth programs, there are many similar
procedures evident.

ln-depth investigations continue in a

number of countries-some sponsored

by government agencies and some bY

industry. Methodology across these

programs is more common than in the

police reporting, but still shows con-

siderable variation.

ffi ;;;iffi;iHl;i=il;eHi'ii[;
Fatal traffic accidents constitute a

special subset ofall accidents, and data

about them are important to program

planning. In the U.S., a national fatal-
ity file, Fatal Accident Reporting Sys-

tem (FARS), has been created in a com-

mon format, relieving the problems
occasioned by the various state report-
ing formats. Australia, another country
with a variety of internal reporting
methods, has taken a similar step in
creating a national fatality file. Canada,

on the other hand, has encouraged the

various provinces to develop similar

rpporting formats, and is able to have a

reasonably consistent national accident

file with fatal accidents as a subset.

Most other countries considered in this

study have a common national report-
ing form, and thus the fatal accident

data are available as a subset of the

general accident file.
While it is intriguing to consider a

universal accident report form (with
perfect interpretation and a common
severity threshold for reporting), the

likelihood of this seems to be near im-
possible. Accident reporting systems

have generally developed to meet local
needs. not to satisfy scientists inter-
ested in international comparisons, and

it is difficult to argue that satisfying the

local requirements is inappropriate. In
the U.S. it seems likely that state-

designed forms will slowly become

more alike. Still, the decisions to adopt

or modify a general traffic accident re-

port form will evidently be made at no

higher than a national level, and often at

the level of a state or province. It seems

reasonable to attempt to move first
toward a reasonably common format
for reporting fatal accidents. An agree-

ment may be possible not onlY on a

definition of traffic death, but perhaps

even on an implementation of a re-

stricted set of variables, and training
which would result in a useful fatal
accident file.

This survey has illustrated both the

unifying and divergent tendencies
within accident reporting systems.
Many advances have been, and are be-

ing, made. Standardization efforts are

continuing, but much remains to be

done before the most direct com-
parisons and analyses can be made. A
follow-up study to this survey is cur-

rently being conducted bY UMTRI
among the worldwide community of
accident researchers. In addition the

OECD (Organization for Economic
Cooperation and Development) has es-

tablished a study group working toward
the international harmonization of acci-

dent investigating and reporting
parameters. The international transpor-

tation research community is now mov-

ing in a direction where research can

directly affect both operating rules for
traffic and standards for manufacturing
on a worldwide basis. This effort
should be applauded and its develop-

ment encouraged. D
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